
IN THE UNITED STATES DISTRICT COURT  
FOR THE EASTERN DISTRICT OF TEXAS  

  
  
MYSCRIPT SAS, 
  

Plaintiff,  
  

v.  
  
GOODNOTES LIMITED,  
  

Defendant.  
  

  
  
  
  
      CIVIL ACTION NO. ____  
  
  
  
      JURY TRIAL DEMANDED 
 

  
COMPLAINT FOR PATENT INFRINGEMENT  

This is an action for patent infringement in which Plaintiff MyScript SAS (“MyScript”) 

makes the following allegations against Defendant Goodnotes Limited (“Goodnotes”) for 

infringing the Patents asserted in this matter:  

THE PARTIES 

1. MyScript is a French entity, having a principal place of business located at 3 rue de 

la Rainière 44339 Nantes Cedex 3 France.  

2. Upon information and belief, Goodnotes is a privately held company headquartered 

in the United Kingdom, having a principal place of business located at 1 Bartholomew Lane, 

London, United Kingdom, EC2N 2AX, and with an additional office in Hong Kong. Goodnotes 

engages in business, either directly or through its agents, on an ongoing basis in this judicial district 

and elsewhere in the United States. Although Goodnotes is engaged in business in Texas, it has 

not designated an agent for service of process in Texas. The Texas Secretary of State, therefore, is 

an agent for service of process for Goodnotes under the Texas Civil Practice and Remedies Code 

§ 17.044(b). On information and belief, Goodnotes is responsible for selling the Accused Products 

in Texas and in the Eastern District of Texas, directly or through intermediaries. 

Case 2:25-cv-00532     Document 1     Filed 05/15/25     Page 1 of 28 PageID #:  1Page 1 of 347

GOODNOTES EXHIBIT 1011 (IPR2026-00388) 



2 
 

JURISDICTION AND VENUE 

3. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and 

1338(a) because this action arises under the patent laws of the United States, 35 U.S.C. §§ 1 et seq. 

4. This Court has personal jurisdiction over Goodnotes because Goodnotes has (1) 

committed acts of patent infringement and contributed to and induced acts of patent infringement 

by others in this District; (2) regularly done or solicited business in this District; (3) engaged in 

other persistent courses of conduct and derived substantial revenue by its offering of infringing 

products and services and providing infringing products and services in this District; and (4) 

purposefully established substantial, systematic, and continuous contacts with this District and 

should have reasonably expected to be subject to suit here by its offering of infringing products 

and services and providing infringing products and services in this District.  

5. Goodnotes specifically targeted Texas and this judicial district on its Goodnotes 

USA Tour 2024 to promote, advertise, use, sell, and offer for sale of its infringing products. 

Between November 2024 and January 2025, Goodnotes held promotional events at the following 

Texas universities, including the Texas Woman’s University, located in the Eastern District of 

Texas:  

a. University of Houston on November 17, 2024 (Exhibit A). 

b. Texas A&M University on November 20, 2024 (Exhibit B). 

c. University of Texas, Austin on November 21, 2024 (Exhibit C). 

d. Texas State University on November 22, 2024 (Exhibit D). 

e. University of Texas, Arlington on January 13, 2025 (Exhibit E). 

f. Texas Christian University on January 14, 2025 (Exhibit F). 

g. Texas Woman’s University on January 15, 2025 (Exhibit G).   

6. Goodnotes has sold infringing products in Texas.  
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a. As part of the Goodnotes USA Tour 2024, Goodnotes stated that “[f]or 

every ten downloads of Goodnotes at participating universities, we will donate to plant a 

tree through One Tree Planted. To add a bit of friendly competition, we’ll have a 

leaderboard tracking which colleges plant the most trees.” Available at 

(https://www.goodnotes.com/blog/goodnotes-usa-tour#help-us-plant-trees-along-the-

way) (last visited 05/08/2025).  

b. On March 5, 2025, Goodnotes’ Instagram account 

(https://www.instagram.com/goodnotes.app/p/DG0zjllug-N/ (last visited 05/08/2025)) 

posted the leaderboard, indicating that the University of Texas, Arlington was among the 

top 10 universities with the most downloads of Goodnotes products: 

 

7. Goodnotes has and continues to purposefully place and sell infringing products in 

Texas and within this judicial district. For example, Goodnotes distributes Goodnotes 6 in this 

judicial district through Goodnotes website, Apple’s App Store, and distributes similar products 
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in this judicial district through Google’s Google Play Store, and Microsoft’s Store for Windows 

devices (collectively the “Accused Products”): 

a. Goodnotes’ website (goodnotes.com/web) for “Web” use: 

 

b. Goodnotes provides links on its website (goodnotes.com) under Download 

to connect users to third-party websites to download the Accused Products, including links 

for Goodnotes 6 available on iOS and MAC, and similar products available on Windows, 

Android, and Web: 
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c. Apple App Store (iOS) (https://apps.apple.com/us/app/goodnotes-

6/id1444383602) for Goodnotes 6 for use on iPhone, iPad, and Mac devices:  

 

d. Google’s Google Play Store 

(https://play.google.com/store/apps/details?id=com.goodnotes.android.app&utm_source=
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web&pcampaignid=pcampaignidMKT-Other-global-all-co-prtnr-py-PartBadge-

Mar2515-1) for Goodnotes for Android for use on Android devices:  

 

e. Microsoft Store (https://apps.microsoft.com/detail/9n92mc09db30?hl=en-

us&gl=US) for Goodnotes for Windows for use on Windows devices:  
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8. Goodnotes, directly and through subsidiaries or intermediaries, has purposefully 

and voluntarily placed the Accused Products into this district and into the stream of commerce 

with the intention and expectation that the Accused Products will be purchased for use in this 

district. Goodnotes has imported, offered for sale and sold, and continue to offer for sale and sell, 

Accused Products for use in this district. 

9. Venue is proper in the district under 28 U.S.C. §§ 1391(b), (c), and/or 1400(b). 

Venue in this district is proper for Goodnotes at least because it is a foreign entity that has 

committed acts of infringement in this district as detailed throughout this complaint.  

BACKGROUND 

10. Handwriting recognition technology has advanced significantly in recent years, 

since its beginnings in the 1990s, providing a more instinctive input method for digital devices. 

This technology enables users to write on touch-sensitive screens using digital pens or stylus 

devices, thereby simulating pen-on-paper experience. The innovation of handwriting recognition 

lies in its ability to convert handwritten input into digital text and shapes, enhancing user 

interaction with devices through digital ink management. The inclusion of editing capabilities 

further enriches this technology, allowing for seamless and efficient management of handwritten 

content 

11. Despite its slow initial uptake, the value of handwriting recognition technology has 

become evident through its recent widespread adoption. Initially, factors such as accuracy, user 

preferences, and the complexity of the technology contributed to its slower acceptance. However, 

advancements in machine learning and sensor-based recognition have significantly improved the 

efficiency and accuracy of handwriting recognition technologies. This has led to a surge in 

adoption across various industries, with multiple companies integrating handwriting recognition 

into their products to enhance user experience and productivity. 
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12. MyScript’s innovations are at the forefront of this adoption. The first industrial 

hybrid system combining artificial neural networks and Markov models was developed by 

MyScript in the early 2000s. Through consistent research efforts, year after year, MyScript has 

played a significant role in scientific advancements that have resulted in the development of 

innovative technology and products by MyScript and others. These innovations have demonstrated 

that this technology has real-world applications and a viable market. MyScript’s innovations have 

also enabled MyScript to maintain a competitive edge over others in the industry. The widespread 

licensing of MyScript’s technology underscores the industry's recognition of the significant 

usefulness and value of these innovative features. As more applications and devices incorporate 

handwriting recognition, its value becomes increasingly apparent.  

13. Founded in 1998, MyScript (formally known as “Vision Objects”) is a leading 

company in the field of handwriting recognition technology and renowned for its innovative 

solutions and extensive patent portfolio. MyScript’s handwriting recognition technology enables 

the conversion of handwritten notes into digital content, enhancing user interaction with digital 

devices through digital ink management. This technology is particularly valuable for applications 

requiring instinctive input methods, such as note-taking, diagram creation, and document editing. 

14.  MyScript's innovative technology solutions are widely recognized as a 

fundamental aspect of handwriting recognition. MyScript’s technology is used by independent 

software vendors (“ISV”) and original equipment manufacturers (“OEM(s)”) in a variety of 

applications and products, serving industries such as consumer electronics, enterprise solutions, 

automotive and education all over the globe. Notable products include the MyScript Text software 

development kit (“Text SDK”), MyScript Interactive Ink (“iink”) SDK (collectively, “MyScript 
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SDKs”). MyScript has also developed many business-to-consumer offerings, including two active 

applications that directly integrate MyScript SDKs, Nebo and MyScript Calculator. 

15. MyScript has numerous granted and pending patent applications in different 

jurisdictions that cover its various technologies. MyScript also employs nearly twenty Ph.D. 

holders and invests over 40% of its turnover in internal research projects, highlighting its 

commitment to research and its investment in developing technologies that provide it with a 

competitive advantage. 

16. Goodnotes (formally known as “Time Base Technology Limited”) offers digital 

note-taking applications on various devices, including those running on iOS, Android, and 

Windows operating systems as set forth above in paragraph 7. One such application is Goodnotes 

6 on iOS, which is the latest version of Goodnotes’ digital note-taking application. Upon 

information and belief, Goodnotes launched Goodnotes 6 in August 2023, and it currently has over 

25 million monthly active users.  

17. Goodnotes 6 includes several features not included in prior versions of Goodnotes’ 

product and which infringe the patents asserted in this action. These features include, but are not 

limited to, intuitive pen gestures such as scribbling to erase mistakes and circling to select items, 

a reflow feature that allows users to seamlessly change the size and layout of their handwritten 

notes while maintaining the visual integrity of the handwritten text, and additional editing features 

that enhance the app's flexibility and usability.  

18. MyScript and Goodnotes had a contractual relationship between 2014 and 2023 

during which time MyScript licensed MyScript Text SDK on iOS, Mac, Android and Windows 

operating systems to Goodnotes for the purposes of development and distribution of the Goodnotes 

notetaking application. The relationship was governed by a signed licensed agreement and related 
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amendments (“Agreement”). Throughout this relationship, Goodnotes was aware that MyScript’s 

Text SDK technology is proprietary and that Goodnotes was prohibited under the Agreement from 

reverse engineering the technology. 

19. During the relationship, and upon Goodnotes’ request, MyScript provided 

Goodnotes access to the MyScript iink SDK through MyScript’s Partners Portal from May 11, 

2021 to August 10, 2021 so Goodnotes could evaluate the suitability and internally test the 

MyScript iink SDK. Before accessing the MyScript iink SDK through MyScript’s Partners Portal, 

Goodnotes accepted the terms of the MyScript Evaluation Agreement which stated that MyScript 

retained exclusive ownership of all rights of the MyScript iink SDK and further outlined  

restrictions on Goodnotes’ use of the technology.  

20. In September 2022, a Goodnotes employee created an account on the MyScript 

Developer Portal to test the MyScript iink SDK on device and cloud recognition services. During 

account creation, the Goodnotes employee accepted the terms and conditions of the MyScript 

Developer Portal before accessing the technology, which stated that MyScript retained exclusive 

ownership of all rights of the MyScript iink SDK and further outlined restrictions on the use of the 

technology. 

21. The Agreement’s term was fixed until August 5, 2024 and due to renew 

automatically for periods of one year unless either party gave prior notice. On December 19 2022, 

the CEO of Goodnotes at that time sent an email to MyScript providing notice that Goodnotes 

would no longer be integrating MyScript Text SDK in its Goodnotes 5 application because 

Goodnotes had developed its own handwriting recognition solution. After resolving issues relating 

to Goodnotes’ undeclared and unpaid licenses, the parties mutually terminated the Agreement on 

May 19, 2023.  
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22. Upon information and belief, Goodnotes was developing the Goodnotes 6 

application during the term of the Agreement.1  

PATENTS-IN-SUIT 

23. This complaint asserts causes of action for infringement of U.S. Patent No. 

9,965,175 (the “’175 Patent), U.S. Patent No. 10,082,951 (the “’951 patent”), U.S. Patent No. 

11,402,991 (the “’991 patent”), U.S. Patent No. 10,410,316 (the “’316 patent”), U.S. Patent No. 

10,181,076 (the “’076 patent”), U.S. Patent No. 10,013,603 (the “’603 patent”), and U.S. Patent 

No. 9,489,572 (the “’572 patent”) (collecting “the Asserted Patents”). 

24. Each of the Asserted Patents claims patent-eligible subject matter and is a valid and 

enforceable U.S. patent, the entire right, title, and interest to which MyScript owns by assignment. 

U.S. Patent No. 9,965,175  

25. On May 8, 2018, after a full and fair examination, the U.S. Patent and Trademark 

Office (“USPTO”) duly and legally issued U.S. Patent No. 9,965,175 (the “’175 patent), entitled 

SYSTEM AND METHOD OF DIGITAL NOTE TAKING. MyScript is the owner, by assignment, 

of all rights, title and interest to the ’175 patent. Since its issuance, the ’175 patent has been in full 

force and effect. A true and correct copy of the ’175 patent is attached as Exhibit H hereto. 

26. The ’175 patent is generally directed to reflowing handwritten text due to resizing 

of a text block such that the reflow process maintains the visual integrity of the handwritten text, 

making it easier for users to read and interact with the content on touch-sensitive devices. 

27. Goodnotes is not licensed to practice the ’175 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’175 patent whatsoever. 

 
1 https://www.goodnotes.com/blog/machine-learning-engineer-handwriting-recognition. (June 1, 2023) (last visited 
April 28, 2025).  
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U.S. Patent No. 10,082,951 

28. On September 25, 2018, after a full and fair examination, the USPTO duly and 

legally issued U.S. Patent No. 10,082,951 (the “’951 patent”), entitled SYSTEM AND METHOD 

FOR DIGITAL INK INTERACTIVITY. MyScript is the owner, by assignment, of all rights, title 

and interest to the ’951 patent. A true and correct copy of the ’951 patent is attached as Exhibit I 

hereto. 

29. The ’951 patent is generally directed to mapping digital ink strokes to recognized 

elements to enhance user experiences by providing dynamic and interactive ways to create and 

manage hand-drawn text and diagrams on computing devices. 

30. Goodnotes is not licensed to practice the ’951 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’951 patent whatsoever. 

U.S. Patent No. 11,402,991 

31. On August 2, 2022, after a full and fair examination, the USPTO duly and legally 

U.S. Patent No. 11,402,991 (the “’991 patent”), entitled SYSTEM AND METHOD FOR NOTE 

TAKING WITH GESTURES. MyScript is the owner, by assignment, of all rights, title and interest 

to the ’991 patent. A true and correct copy of the ’991 patent is attached as Exhibit J hereto. 

32. The ’991 patent is generally directed to a system for editing digital documents on 

computing devices, including methods for processing and displaying digital ink and allowing users 

to edit handwritten input using gestures on the device’s input surface. 

33. Goodnotes is not licensed to practice the ’991 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’991 patent whatsoever. 
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U.S. Patent No. 10,410,316 

34. On September 10, 2019, after a full and fair examination, the USPTO duly and 

legally U.S. Patent No. 10,410,316 (the “’316 patent”), entitled SYSTEM AND METHOD FOR 

BEAUTIFYING DIGITAL INK. MyScript is the owner, by assignment, of all rights, title and 

interest to the ’316 patent. A true and correct copy of the ’316 patent is attached as Exhibit K 

hereto. 

35. The ’316 patent is generally directed to a system for editing digital documents on 

computing devices that allows users to refine and enhance the appearance of their handwritten 

input by selecting and modifying text directly with the cursor, making it visually appealing and 

easier to read and edit. 

36. Goodnotes is not licensed to practice the ’316 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’316 patent whatsoever. 

U.S. Patent No. 10,181,076 

37. On January 15, 2019, after a full and fair examination, the USPTO duly and legally 

of U.S. Patent No. 10,181,076 (the “’076 patent”), entitled SYSTEM AND METHOD FOR 

RECOGNIZING GEOMETRIC SHAPES. MyScript is the owner, by assignment, of all rights, 

title and interest to the ’076 patent. A true and correct copy of the ’076 patent is attached as Exhibit 

L hereto. 

38. The ’076 patent describes a system that can recognize a user’s natural drawing of 

geometric shapes by processing both single-stroke and multi-stroke shapes, applying implicit and 

user-defined constraints at the vector component level. 

39. Goodnotes is not licensed to practice the ’076 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’076 patent whatsoever. 
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U.S. Patent No. 10,013,603 

40. On July 3, 2018, after a full and fair examination, the USPTO duly and legally U.S. 

Patent No. 10,013,603 (the “’603 patent”), entitled SYSTEM AND METHOD FOR 

RECOGNIZING MULTIPLE OBJECT STRUCTURE. MyScript is the owner, by assignment, of 

all rights, title and interest to the ’603 patent. A true and correct copy of the ’603 patent is attached 

as Exhibit M hereto. 

41. The ’603 patent describes a system for recognizing an arrangement of multiple 

objects on computing devices by determining geometric relationships between objects and 

recognizing handwriting input and related boundaries of that input. 

42. Goodnotes is not licensed to practice the ’603 patent in either an express or implied 

manner, nor does it enjoy or benefit from any rights in or to the ’603 patent whatsoever. 

U.S. Patent No. 9,489,572 

43. On November 8, 2016, after a full and fair examination, the USPTO duly and 

legally of U.S. Patent No. 9,489,572 (the “’572 patent”), entitled SYSTEM AND METHOD FOR 

RECOGNIZING GEOMETRIC SHAPES. MyScript is the owner, by assignment, of all rights, 

title and interest to the ’572 patent. A true and correct copy of the ’572 patent is attached as Exhibit 

N hereto. 

44. The ’572 patent describes a system that can recognize a user's natural drawing of 

geometric shapes by processing both single-stroke and multi-stroke shapes, applying implicit and 

user-defined constraints at the vector component level. 

COUNT I 
INFRINGEMENT OF U.S. PATENT NO. 9,965,175 

45. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 
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46. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’175 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit O. 

47. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’175 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 

more claims of the ’175 patent. For example, (a) Goodnotes has had actual knowledge of the ’175 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’175 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’175 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’175 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’175 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’175 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit O. 
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48. Goodnotes’ infringement of the ’175 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’175 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Goodnotes’ actions constituted infringement of the ’175 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

49. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’175 patent, including, without limitation, 

a reasonable royalty and lost profits. 

50. Goodnotes’ infringement of the ’175 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

51. Goodnotes’ infringement of the ’175 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

52. Goodnotes’ infringement of the ’175 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

COUNT II 
INFRINGEMENT OF U.S. PATENT NO. 10,082,951 

53. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

54. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’951 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 
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Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit P. 

55. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’951 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 

more claims of the ’951 patent. For example, (a) Goodnotes has had actual knowledge of the ’951 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’951 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’951 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’951 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’951 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’951 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit P. 

56. Goodnotes’ infringement of the ’951 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’951 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 
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Goodnotes’ actions constituted infringement of the ’951 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

57. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’951 patent, including, without limitation, 

a reasonable royalty and lost profits. 

58. Goodnotes’ infringement of the ’951 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

59. Goodnotes’ infringement of the ’951 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

60. Goodnotes’ infringement of the ’951 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

COUNT III 
INFRINGEMENT OF U.S. PATENT NO. 11,402,991 

61. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

62. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’991 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit Q. 

63. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’991 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 
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more claims of the ’991 patent. For example, (a) Goodnotes has had actual knowledge of the ’991 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’991 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’991 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’991 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’991 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’991 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit Q. 

64. Goodnotes’ infringement of the ’991 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’991 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Goodnotes’ actions constituted infringement of the ’991 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

65. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’991 patent, including, without limitation, 

a reasonable royalty and lost profits. 
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66. Goodnotes’ infringement of the ’991 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

67. Goodnotes’ infringement of the ’991 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

68. Goodnotes’ infringement of the ’991 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

COUNT IV 
INFRINGEMENT OF U.S. PATENT NO. 10,410,316 

69. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

70. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’316 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit R. 

71. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’316 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 

more claims of the ’316 patent. For example, (a) GoodNotes has had actual knowledge of the ’316 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’316 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 
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Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’316 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’316 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’316 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’316 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit R. 

72. Goodnotes’ infringement of the ’316 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’316 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Goodnotes’ actions constituted infringement of the ’316 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

73. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’316 patent, including, without limitation, 

a reasonable royalty and lost profits. 

74. Goodnotes’ infringement of the ’316 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

75. Goodnotes’ infringement of the ’316 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

76. Goodnotes’ infringement of the ’316 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 
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COUNT V 
INFRINGEMENT OF U.S. PATENT NO. 10,181,076 

77.  MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

78. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’076 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit S. 

79. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’076 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 

more claims of the ’076 patent. For example, (a) Goodnotes has had actual knowledge of the ’076 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’076 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’076 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’076 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’076 patent, and that Goodnotes’ customers then directly infringe one or more claims 
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of the ’076 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit S. 

80. Goodnotes’ infringement of the ’076 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’076 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Goodnotes’ actions constituted infringement of the ’076 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

81. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’076 patent, including, without limitation, 

a reasonable royalty and lost profits. 

82. Goodnotes’ infringement of the ’076 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

83. Goodnotes’ infringement of the ’076 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

84. Goodnotes’ infringement of the ’076 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

COUNT VI 
INFRINGEMENT OF U.S. PATENT NO. 10,013,603 

85. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

86. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’603 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 
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and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit T. 

87. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’603 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 

more claims of the ’603 patent. For example, (a) Goodnotes has had actual knowledge of the ’603 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’603 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’603 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’603 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’603 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’603 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit T. 

88. Goodnotes’ infringement of the ’603 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’603 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Case 2:25-cv-00532     Document 1     Filed 05/15/25     Page 24 of 28 PageID #:  24Page 24 of 347



25 
 

Goodnotes’ actions constituted infringement of the ’603 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

89. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’603 patent, including, without limitation, 

a reasonable royalty and lost profits. 

90. Goodnotes’ infringement of the ’603 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

91. Goodnotes’ infringement of the ’603 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

92. Goodnotes’ infringement of the ’603 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

COUNT VII  
INFRINGEMENT OF U.S. PATENT NO. 9,489,572 

93. MyScript incorporates by reference each preceding paragraph as if fully set forth 

herein. 

94. Goodnotes and/or users of the Accused Products have directly infringed (either 

literally or under the doctrine of equivalents) and continue to directly infringe one or more of the 

claims of the ’572 patent, in violation of 35 U.S.C. § 271(a), by making, using, offering for sale, 

and/or selling the Accused Products within the United States and/or importing the Accused 

Products into the United States without authority or license. A non-limiting example of this 

infringement is set forth in Exhibit U. 

95. Additionally, and/or alternatively, Goodnotes has indirectly infringed and 

continues to indirectly infringe one or more of the claims of the ’572 patent, in violation of 35 

U.S.C. § 271(b), by actively inducing users of the Accused Products to directly infringe the one or 
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more claims of the ’572 patent. For example, (a) Goodnotes has had actual knowledge of the ’572 

patent or was willfully blind to its existence prior to (at least as early as December 10, 2024), and 

no later than, the filing of this action; (b) Goodnotes intentionally causes, urges, or encourages 

users of the Accused Products to directly infringe one or more claims of the ’572 patent by 

promoting, advertising, and instructing customers and potential customers about the Accused 

Products and uses of the application, including infringing uses; (c) Goodnotes knows (or should 

know) that its actions will induce users of the Accused Products directly infringe one or more 

claims the ’572 patent; and (d) users of the Accused Products directly infringe one or more claims 

of the ’572 patent. For instance, at a minimum, Goodnotes has supplied and continues to supply 

the Accused Products to customers while knowing that use of the app will infringe one or more 

claims of the ’572 patent, and that Goodnotes’ customers then directly infringe one or more claims 

of the ’572 patent by installing and using the Accused Products in accordance with Goodnotes’ 

product literature. A non-limiting example of this infringement is set forth in Exhibit U. 

96. Goodnotes’ infringement of the ’572 patent is also willful as outlined above 

because Goodnotes (a) had actual knowledge of the ’572 patent or was willfully blind to its 

existence prior to (at least as early as December 10, 2024), and no later than, the filing of this 

action; (b) engaged in the aforementioned activity despite an objectively high likelihood that 

Goodnotes’ actions constituted infringement of the ’572 patent; and (c) this objectively-defined 

risk was either known or so obvious that it should have been known to Goodnotes. 

97. MyScript is entitled to recover from Goodnotes all damages that MyScript has 

sustained as a result of Goodnotes’ infringement of the ’572 patent, including, without limitation, 

a reasonable royalty and lost profits. 
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98. Goodnotes’ infringement of the ’572 patent was and continues to be willful and 

deliberate, entitling MyScript to enhanced damages. 

99. Goodnotes’ infringement of the ’572 patent is exceptional and entitles MyScript to 

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285. 

100. Goodnotes’ infringement of the ’572 patent has caused irreparable harm (including 

the loss of market share) to MyScript and will continue to do so unless enjoined by this Court. 

 
PRAYER FOR RELIEF 

WHEREFORE, MyScript respectfully requests the following relief from this Court:  

A.  That Judgment be entered that Defendant has infringed and continues to infringe 

at least one or more claims of each of the Asserted Patents, directly and/or indirectly, literally 

and/or under the doctrine of equivalents, and that such infringement has been and is willful; 

B. An injunction enjoining Defendant, its officers, agents, servants, employees and 

attorneys, and other persons in active concert or participation with Defendant, and its parents, 

subsidiaries, divisions, successors and assigns, from further infringement of the Asserted Patents; 

C. An award of damages sufficient to compensate MyScript for Defendant’s 

infringement under 35 U.S.C. § 284, including an enhancement of damages on account of 

Defendant’s willful infringement; 

D. That the case be found exceptional under 35 U.S.C. § 285 and that MyScript be 

awarded its reasonable attorneys’ fees; 

E. Costs and expenses in this action; 

F. An award of prejudgment and post-judgment interest; and 

G. Such other and further relief as the Court may deem just and proper. 
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REQUEST FOR JURY TRIAL 

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, MyScript requests a trial by 

jury of any issues so triable by right. 

Dated: May 15, 2025 Respectfully Submitted, 
 
/s/ Deron R. Dacus 

 Deron R. Dacus 
State Bar No. 00790553  
THE DACUS FIRM, P.C. 
821 ESE Loop 323, Suite 430 
Tyler, TX 75701 
(903) 705-7233 
ddacus@dacusfirm.com 
Counsel for Plaintiff 
MyScript SAS 

OF COUNSEL:  
  
Amol A. Parikh 
Ashley K. Justice 
MCDERMOTT WILL & EMERY LLP  
444 W Lake Street  
Chicago, Illinois 60606 
(312) 984-6477 
amparikh@mwe.com 
akjustice@mwe.com 
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SYSTEM AND METHOD OF DIGITAL NOTE 
TAKING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to European Application 
No. 15290219.3 filed on Aug. 25, 2015, the entire contents 
of which is incorporated by reference herein. 

2 

TECHNICAL FIELD 

the notes, or converting or adding the notes into a document, 
the text generally needs to be imported into a separate 
document processing application. This in itself is no great 
problem, however as the original layout of the handwritten 
notes and the actual input handwriting itself, so-called 
digital ink, is typically discarded in the import process, the 
user must refer back to the original notes in order to 
ascertain the intent in the notes taken. For example, the user 
may have emphasized certain words or passages in the notes 

10 either by annotation or decoration, or through the layout of 
the notes content itself. 

Further, once the import is performed into the separate 
application the ability to add or edit content through further 

The present description relates generally to the field of 
digital note taking systems and methods using computing 
device interfaces. The present description relates more spe­
cifically to digital note taking systems and methods capable 
of recognizing user input handwriting of various characters, 
symbols and objects. 

15 note taking is generally lost, and the user must in effect begin 
a new note which must itself be imported into the document. 
Such a cumbersome method clearly limits the ability of 
continuing or updating notes for inclusion in documents 
over different sessions, e.g., over multiple lectures or mul-

BACKGROUND 

Computing devices continue to become more ubiquitous 
to daily life. They take the form of computer desktops, 
laptop computers, tablet computers, e-book readers, mobile 
phones, smartphones, wearable computers, global position­

20 tiple business meetings, or through collaboration and shar­
ing. Of course, users could delay importation to a document 
processing application until the note taking is finished over 
such multiple sessions, with or without multiple users. 
However, since many people nowadays have multiple por-

25 table computing devices which are interconnected it may be 
desired to perform these multiple sessions on these different 
computing devices, or at least access the notes on these 
different devices. 

ing system (GPS) units, enterprise digital assistants (EDAs), 
personal digital assistants (PD As), game consoles, and the 
like. Further, computing devices are being incorporated into 
vehicles and equipment, such as cars, trucks, farm equip­
ment, manufacturing equipment, building environment con- 30 

trol (e.g., lighting, HVAC), and home and commercial 
appliances. 

Computing devices generally consist of at least one 
processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 35 

variety of computing devices and their subsequent uses 
necessitate a variety of interfaces and input devices. One 
such input device is a touch sensitive surface such as a touch 
screen or touch pad wherein user input is received through 
contact between the user's finger or an instrument such as a 40 

pen or stylus and the touch sensitive surface. Another input 
device is an input surface that senses gestures made by a user 
above the input surface. Either of these methods of input can 
be used generally for drawing or inputting text. When user 
input is text the user's handwriting is interpreted using a 45 

handwriting recognition system or method. 
One application of handwriting recognition in portable 

computing devices, such as smartphones, phablets and tab­
lets, is in note taking. This particularly occurs in education 
and business settings where the user of the computing device 50 

captures notes, for example, during a lecture or meeting. 
This is usually done by the user launching a handwritten 
note taking application on the computing device which 
accepts and interprets, either locally in the device or 
remotely via a communications link of the device, hand- 55 

written notes input on the touch sensitive surface. Conven­
tionally such handwritten note taking applications are lim­
ited in their capabilities to provide a full document creation 
experience to users from the notes taken, since the focus of 
these applications has primarily been recognition accuracy 60 

rather than document creation. That is, available applica­
tions provide recognition of handwriting and conversion of 

For example, a user may begin a note on their laptop 
during a lecture or meeting, then wish to add to that note 
using their tablet during a conversation with a colleague or 
friend, and then later share the updated note using their 
smartphone. The available input and display space on the 
screens of these devices can vary significantly. Further, some 
devices allow display at different orientations, i.e., portrait 
and landscape. As such, the user's layout of the notes using 
one device at one orientation may be significantly changed 
when the notes are displayed and interacted with on a 
different device or at a different orientation. Accordingly, 
continued note taking on specific note layout over these 
different display scenarios is presently difficult. 

Other issues with the note taking layout occur without 
even considering the complexities of multiple devices and 
orientations. Available handwritten note taking applications 
generally provide users with the ability to typeset the 
handwritten input either manually or automatically (e.g., 
on-the-fly). However, as typeset text is generally smaller and 
more uniform than handwritten text ( described in detail 
later), the user's layout of the handwritten input, such as in 
sentences in paragraphs, may not translate well to typeset 
text, e.g., the sentences become too short such that the 
paragraphs lose visual meaning and look more like lists than 
paragraphed text. This can be overcome by reflowing the 
typeset text so that the layout appears to be preserved, e.g., 
paragraphs are retained. However, the user's original hand­
written layout may have actually been a list not a paragraph, 
for example, and without an explicit indication of such 
layouts it is difficult for the handwriting recognition process 
to detect these instances. 

Conventional processes require users to input certain 
symbols or characters, e.g., bullet points, or use particular 
gestures to indicate such layouts. However, the user should 
be able to input handwritten notes in their desired layout 
without needing to consider the manner in which the hand-

the recognized handwriting into typeset text, with various 
feedback mechanisms to the user, but that is generally the 
extent of the interaction with the input. 

If the user desires any further interaction with the output 
text, such as editing the content, manipulating the layout of 

65 written note taking application will handle that input. This is 
because, the Applicant has found that when using handwrit­
ing note taking applications users generally are unable or do 
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not desire to learn specific input methods or gestures that are 
not natural or intuitive, or to make settings through menus 
and the like. 

4 
FIG. 2 shows a block diagram of a system for handwriting 

recognition in accordance with an example of the present 
system and method; 

FIG. 3 shows a block diagram illustrating detail of the 
handwriting recognition system of FIG. 2 in accordance 
with an example of the present system and method; 

Further, note taking generally takes many forms, and 
user's don't only take notes using text characters. For 
example, notes may include many types of content, such as 
text, drawings, diagrams, mathematical or chemical equa­
tions and music notation. Further, the user may want to 
insert other media into the note, such as images and audio or 
video recordings. Accordingly, such multi-content and 
multi-media input should be supported whilst respecting the 
user's layout of these inputs. 

FIG. 4 shows a schematic view of an example visual 
rendering of a scroll page on a portion of an input surface of 
the computing device; 

1° FIGS. 5Aand 5B show schematic views of the scroll page 
with and without input content in different scrolled posi­
tions; 

SUMMARY FIGS. 6Aand 6B show schematic views of the scroll page 

15 with and without input content in different scrolled posi-

The examples of the present invention that are described 
herein below provide systems, methods and a computer 
program product for use in digital note taking with hand­
writing input to a computing device. The computer program 
product has a computer usable medium with a computer 20 

readable program code embodied therein adapted to be 
executed to implement the method. 

The computing device is connected to an input device in 
the form of an input surface. A user is able to provide input 
by applying pressure to or gesturing above the input surface 25 

using either his or her finger or an instrument such as a stylus 
or pen. The present system and method monitors the input 
strokes. 

tions; 
FIGS. 7Aand 7B show schematic views of the scroll page 

with and without input content in different scrolled posi­
tions; 

FIG. 8 shows a schematic view of an example visual 
rendering of the scroll page on the device input surface; 

FIG. 9 shows a schematic view of an example visual 
rendering of the scroll page on the device input surface; 

FIG. 10 shows a schematic view of an example of 
alignment elements of the scroll page; 

FIG. 11 shows a graph of different colunm counts of the 
alignment elements with respect to input surface size of 
different devices; 

The computing device has a processor and at least one 
application for recognizing the handwriting input under 
control of the processor. The at least one system application 
is configured to cause display of, on a display interface of a 
computing device, digital ink in a block layout in accordance 
with a layout of blocks of the handwriting input and a 
configuration of the computing device display interface. 

FIGS. 12A and 12B shows tables of rules for adaption of 
30 the colunms with respect to the input surface size; 

FIG. 13 shows a schematic view of an example of 
alignment elements of the scroll page; 

FIG. 14 shows a schematic view of an example visual 
rendering of the scroll page on a portion of the device input 

35 surface with the alignment elements; 
FIG. 15 shows a schematic view of part of the scroll page 

with example input content object blocks; 
Another aspect of the disclosed system and method pro­

vides each block of digital ink configured to be interactive 
with the at least one system application configured to cause 
change in the layout display in response to receiving inter­
action with the blocks. 

FIGS. 16Aand 16B shows a schematic view of part of the 
scroll page with object blocks and example operations 

40 thereon; 
FIGS.17Aand 17B shows a schematic view of part of the 

scroll page with object blocks and example operations 
thereon; 

Another aspect of the disclosed system and method pro­
vides the at least one system application configured to cause 
change in the layout display in response to aspect view 
changes of the display interface, where the configuration of 
the computing device display interface includes a first aspect 
view at a first orientation computing device and a second 
aspect view at a second orientation of the computing device. 
The first aspect view is portrait and the second aspect view 

FIGS. 18A to 18E shows a schematic view of part of the 
45 scroll page with object blocks and example operations 

thereon; 

is landscape. 

FIGS. 19A to 19C shows a schematic view of part of the 
scroll page with object blocks and example operations 
thereon; 

FIGS. 20Aand 20B shows a schematic view of part of the 
scroll page with object blocks and example operations 
thereon; 

Another aspect of the disclosed system and method pro- 50 

vides the at least one system application configured to cause 
change in the layout display in response to display on 
computing devices having display interfaces of different 
horizontal and/or vertical dimensions, where the configura­
tion of each computing device display interface is defined by 
horizontal and vertical dimensions of that display interface. 

FIGS. 21Aand 21B shows a schematic view of part of the 
scroll page with object blocks and example operations 

55 thereon; 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present system and method will be more fully under- 60 

stood from the following detailed description of the 
examples thereof, taken together with the drawings. In the 
drawings like reference numerals depict like elements. In the 
drawings: 

FIG. 1 shows a block diagram of a computing device in 65 

accordance with an example of the present system and 
method; 

FIG. 22A shows a schematic view of a first alignment 
rendering of part of the scroll page with object blocks and 
FIG. 22B shows a schematic view of a second alignment 
rendering of part of the scroll page with the object blocks; 

FIGS. 23A to 23F show a schematic view of a first 
alignment rendering of part of the scroll page with succes­
sive input of object blocks; 

FIG. 24 shows a schematic view of a second alignment 
rendering of the part of the scroll page of FIG. 23 with the 
object blocks; 

FIG. 25 shows an example digital ink paragraph and its 
typeset equivalent; 
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FIG. 26 shows schematic views of an example visual 
rendering of the scroll page on a portion of the device input 
surface showing a typesetting operation on digital ink; and 

FIG. 27 shows a schematic view of the scroll page of FIG. 
26 showing an animation of the typesetting operation. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 
present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo­
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid unnecessarily 
obscuring aspects of the present teachings. 

Reference to and discussion of directional features such as 
up, down, above, below, lowest, highest, horizontal, vertical, 
etc., are made with respect to the Cartesian coordinate 
system as applied to the input surface on which the input to 
be recognized is made. Further, the use of the term 'text' in 
the present description is understood as encompassing all 
alphanumeric characters, and strings thereof, in any written 
language and common place non-alphanumeric characters, 
e.g., symbols, used in written text. Furthermore, the term 
'non-text' in the present description is understood as encom­
passing freeform handwritten content and rendered text and 
image data, as well as non-alphanumeric characters, and 
strings thereof, and alphanumeric characters, and strings 
thereof, which are used in non-text contexts. 

The various technologies described herein generally 
relate to capture, processing and management of handwrit­
ten content on portable and non-portable computing devices 
in a manner which allows conversion of that content into 
publishable documents. The systems and methods described 
herein may utilize recognition of users' natural writing or 
drawing styles input to a computing device via an input 
surface, such as a touch sensitive screen, connected to, or of, 
the computing device or via an input device, such as a digital 
pen or mouse, connected to the computing device. Whilst the 
various examples are described with respect to recognition 
of handwriting input using so-called online recognition 
techniques, it is understood that application is possible to 
other forms of input for recognition, such as ofl.line recog­
nition in which images rather than digital ink are recognized. 

FIG. 1 shows a block diagram of an example computing 
device 100. The computing device may be a computer 
desktop, laptop computer, tablet computer, e-book reader, 
mobile phone, smartphone, wearable computer, digital 
watch, interactive whiteboard, global positioning system 
(GPS) unit, enterprise digital assistant (EDA), personal 
digital assistant (PDA), game console, or the like. The 
computing device 100 includes components of at least one 
processing element, some form of memory and input and/or 
output (I/O) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 
lines, buses, cables, buffers, electromagnetic links, net­
works, modems, transducers, IR ports, antennas, or others 
known to those of ordinary skill in the art. 

The computing device 100 has at least one display 102 for 
outputting data from the computing device such as images, 
text, and video. The display 102 may use LCD, plasma, 
LED, iOLED, CRT, or any other appropriate technology that 
is or is not touch sensitive as known to those of ordinary skill 
in the art. At least some of the display 102 is co-located with 
at least one input surface 104. The input surface 104 may 

6 
employ technology such as resistive, surface acoustic wave, 
capacitive, infrared grid, infrared acrylic projection, optical 
imaging, dispersive signal technology, acoustic pulse rec­
ognition, or any other appropriate technology as known to 
those of ordinary skill in the art to receive user input. The 
input surface 104 may be bounded by a permanent or 
video-generated border that clearly identifies its boundaries. 

In addition to the input surface 104, the computing device 
100 may include one or more additional I/O devices ( or 

10 peripherals) that are communicatively coupled via a local 
interface. The additional I/O devices may include input 
devices such as a keyboard, mouse, scanner, microphone, 
touchpads, bar code readers, laser readers, radio-frequency 
device readers, or any other appropriate technology known 

15 to those of ordinary skill in the art. Further, the I/O devices 
may include output devices such as a printer, bar code 
printers, or any other appropriate technology known to those 
of ordinary skill in the art. Furthermore, the I/O devices may 
include communications devices that communicate both 

20 inputs and outputs such as a modulator/demodulator (mo­
dem; for accessing another device, system, or network), a 
radio frequency (RF) or other transceiver, a telephonic 
interface, a bridge, a router, or any other appropriate tech­
nology known to those of ordinary skill in the art. The local 

25 interface may have additional elements to enable commu­
nications, such as controllers, buffers (caches), drivers, 
repeaters, and receivers, which are omitted for simplicity but 
known to those of skill in the art. Further, the local interface 
may include address, control, and/or data connections to 

30 enable appropriate communications among the other com­
puter components. 

The computing device 100 also includes a processor 106, 
which is a hardware device for executing software, particu­
larly software stored in the memory 108. The processor can 

35 be any custom made or commercially available general 
purpose processor, a central processing unit (CPU), a semi­
conductor based microprocessor (in the form of a microchip 
or chipset), a macroprocessor, microcontroller, digital signal 
processor (DSP), application specific integrated circuit 

40 (ASIC), field programmable gate array (FPGA) or other 
programmable logic device, discrete gate or transistor logic, 
discrete hardware components, state machine, or any com­
bination thereof designed for executing software instruc­
tions known to those of ordinary skill in the art. Examples 

45 of suitable commercially available microprocessors are as 
follows: a PA-RISC series microprocessor from Hewlett­
Packard Company, an 80x86 or Pentium series micropro­
cessor from Intel Corporation, a PowerPC microprocessor 
from IBM, a Spare microprocessor from Sun Microsystems, 

50 Inc., a 68xxx series microprocessor from Motorola Corpo­
ration, DSP microprocessors, or ARM microprocessors. 

The memory 108 can include any one or a combination of 
volatile memory elements ( e.g., random access memory 
(RAM, such as DRAM, SRAM, or SD RAM)) and nonvola-

55 tile memory elements (e.g., ROM, EPROM, flash PROM, 
EEPROM, hard drive, magnetic or optical tape, memory 
registers, CD-ROM, WORM, DVD, redundant array of 
inexpensive disks (RAID), another direct access storage 
device (DASD)). Moreover, the memory 108 may incorpo-

60 rate electronic, magnetic, optical, and/or other types of 
storage media. The memory 108 can have a distributed 
architecture where various components are situated remote 
from one another but can also be accessed by the processor 
106. Further, the memory 108 may be remote from the 

65 device, such as at a server or cloud-based system, which is 
remotely accessible by the computing device 100. The 
memory 108 is coupled to the processor 106, so the proces-
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sor 106 can read information from and write information to 
the memory 108. In the alternative, the memory 108 may be 
integral to the processor 106. In another example, the 
processor 106 and the memory 108 may both reside in a 
single ASIC or other integrated circuit. 

8 
initiation location, the stroke termination location, and the 
path connecting the stroke initiation and termination loca­
tions. Because different users may naturally write the same 
object, e.g., a letter, a shape, a symbol, with slight variations, 
the HWR system accommodates a variety of ways in which 
each object may be entered whilst being recognized as the 
correct or intended object. 

FIG. 2 is a schematic pictorial of an example of the HWR 
system 114, in either its local (i.e., loaded on the device 100) 

The software in the memory 108 includes an operating 
system 110 and an application 112. The software optionally 
further includes a handwriting recognition (HWR) system 
114 which may each include one or more separate computer 
programs. Each of these has an ordered listing of executable 
instructions for implementing logical functions. The oper­
ating system 110 controls the execution of the application 
112 (and the HWR system 114). The operating system 110 
may be any proprietary operating system or a commercially 
available operating system, such as WEBOS, WINDOWS®, 
MAC and !PHONE OS®, LINUX, and ANDROID. It is 
understood that other operating systems may also be uti­
lized. 

10 or remote (i.e., remotely accessible by the device 100) 
forms. The HWR system 114 includes stages such as pre­
processing 116, recognition 118 and output 120. The pre­
processing stage 116 processes the digital ink to achieve 
greater accuracy and reducing processing time during the 

The application 112 includes one or more processing 
elements related to detection, management and treatment of 

15 recognition stage 118. This preprocessing may include nor­
malizing of the path connecting the stroke initiation and 
termination locations by applying size normalization and/or 
methods such as B-spline approximation to smooth the 
input. The preprocessed strokes are then passed to the 

20 recognition stage 118 which processes the strokes to recog­
nize the objects formed thereby. The recognized objects are 
then output 120 to the display 102 generally as a typesetted 
version of the handwritten elements/characters. 

the layout of user input (discussed in detail later). The 
software may also include one or more other applications 
related to handwriting recognition, different functions, or 
both. Some examples of other applications include a text 
editor, telephone dialer, contacts directory, instant messag- 25 

ing facility, computer-aided design (CAD) program, email 
program, word processing program, web browser, and cam­
era. The application 112, and the other applications, include 
program(s) provided with the computing device 100 upon 
manufacture and may further include programs uploaded or 30 

downloaded into the computing device 100 after manufac-
ture. 

The HWR system 114, with support and compliance 
capabilities, may be a source program, executable program 

The recognition stage 118 may include different process­
ing elements or experts. FIG. 3 is a schematic pictorial of the 
example of FIG. 2 showing schematic detail of the recog­
nition stage 118. Three experts, a segmentation expert 122, 
a recognition expert 124, and a language expert 126, are 
illustrated which collaborate through dynamic progranmiing 
to generate the output 120. 

The segmentation expert 122 defines the different ways to 
segment the input strokes into individual element hypoth­
eses, e.g., alphanumeric characters and mathematical opera­
tors, text characters, individual shapes, or sub expression, in 

( object code), script, application, or any other entity having 35 order to form expressions, e.g., words, mathematical equa­
tions, or groups of shapes. For example, the segmentation 
expert 122 may form the element hypotheses by grouping 
consecutive strokes of the original input to obtain a seg­
mentation graph where each node corresponds to at least one 

a set of instructions to be performed. When a source pro­
gram, the program needs to be translated via a compiler, 
assembler, interpreter, or the like, which may or may not be 
included within the memory, so as to operate properly in 
connection with the operating system. Furthermore, the 
handwriting recognition system with support and compli­
ance capabilities can be written as (a) an object oriented 
programming language, which has classes of data and meth­
ods; (b) a procedure programming language, which has 
routines, subroutines, and/or functions, for example but not 45 

limited to C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
Objective C, Swift, and Ada; or ( c) functional progranmiing 
languages for example but no limited to Hope, Rex, Com­
mon Lisp, Scheme, Clojure, Racket, Erlang, OCaml, 
Haskell, Prolog, and F#. Alternatively, the HWR system 114 
may be a method or system for communication with a 
handwriting recognition system remote from the device, 
such as server or cloud-based system, but is remotely 
accessible by the computing device 100 through communi­
cations links using the afore-mentioned communications I/O 55 

devices of the computing device 100. Further, the applica­
tion 112 and the HWR system 114 may operate together or 
be combined as a single application. 

40 element hypothesis and where adjacency constraints 
between elements are handled by the node connections. 
Alternatively, the segmentation expert 122 may employ 
separate experts for different input types, such as text, 
drawings, equations, and music notation. 

The recognition expert 124 provides classification of the 
features extracted by a classifier 128 and outputs a list of 
element candidates with probabilities or recognition scores 
for each node of the segmentation graph. Many types of 
classifiers exist that could be used to address this recognition 

50 task, e.g., Support Vector Machines, Hidden Markov Mod­
els, or Neural Networks such as Multilayer Perceptrons, 
Deep, Convolutional or Recurrent Neural Networks. The 
choice depends on the complexity, accuracy, and speed 
desired for the task. 

Strokes entered on or via the input surface 104 are 
processed by the processor 106 as digital ink. A user may 60 

enter a stroke with a finger or some instrument such as a pen 

The language expert 126 generates linguistic meaning for 
the different paths in the segmentation graph using language 
models ( e.g., grammar or semantics). The expert 126 checks 
the candidates suggested by the other experts according to 
linguistic information 130. The linguistic information 130 
can include a lexicon, regular expressions, etc. The language 
expert 126 aims at finding the best recognition path. In one 

or stylus suitable for use with the input surface. The user 
may also enter a stroke by making a gesture above the input 
surface 104 if technology that senses motions in the vicinity 
of the input surface 104 is being used, or with a peripheral 65 

device of the computing device 100, such as a mouse or 
joystick. A stroke is characterized by at least the stroke 

example, the language expert 126 does this by exploring a 
language model such as final state automaton ( determinist 
FSA) representing the content oflinguistic information 130. 
In addition to the lexicon constraint, the language expert 126 
may use statistical information modeling for how frequent a 
given sequence of elements appears in the specified Ian-
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guage or is used by a specific user to evaluate the linguistic 
likelihood of the interpretation of a given path of the 
segmentation graph. 

The present system and method make use of the HWR 
system 114 in order to recognize handwritten input to the 
device 100. As mentioned earlier, the application 112 
includes application(s) for handling the layout of the recog­
nized user input. Such applications may be provided in an 
architecture with separate layers for handling different pro­
cessing. One or more of these layers may be remote to the 10 

device 100 accessible via the communications chamiels 

10 
active content is content that is specifically intended for user 
interaction. These document elements, and others elements, 
are utilized in the document model with respect to the 
content. 

An initial aspect of the document model and feature of the 
application 112 is the provision of an effectively infinite 
vertical scrolling interface for the input of handwritten notes 
and other content by a user. A thousand years ago, content 
was written on scrolls that one would unroll to read/write. 
The Codex (ancestor of the book) was invented based on 
user experience optimization as large rolls were cut into 
pages thereby providing random and faster access to any 
part of the content, instead of unrolling the scroll from start 

mentioned earlier. The layers may include application wrap­
per(s ), platform wrapper(s) and (platform specific) applica­
tion user interface(s). 

The application 112 provided by the present system and 
method allows users, such as students, academic and work­
ing professionals, to take handwritten notes, such as during 
lectures, meetings and brainstorming sessions, which they 
can transform into sharable formatted documents on their 
portable or non-portable computing devices. The application 
allows taking of 'clean' notes which can be searched and 
memorized properly using their computing devices. The 
present system and method further allow natural writing to 

15 to end. This completely and permanently changed the 
recording of written content, and the book has been the one 
and only content holder for the last millennium. However, 
the current digital era in which writing is performed on a 
dynamic screen interface provides the potential for different 

20 paradigms to be adopted. Accordingly, note taking applica­
tions and associated user interfaces need not blindly mimic 
the page paradigm, rather solutions which offer more or 
enhanced features over either simple page-tum or (infinite) 
scroll should be evaluated. be input since the writing is made on (ruled) lines, and 

paragraphs and other layout elements are respected respon- 25 

sive to orientation (i.e., portrait or landscape) and device 
display capacity. Synchronization of the captured notes 
between devices and auto-saving of notes are also sup­
ported. Typesetting of the handwritten notes, via the HWR 
system, either on-demand or on-the-fly is also supported. 30 

Searching of both the recognized typeset text and the digital 
ink, such as with the systems and methods described in US 
Patent Application Publication US 2009/0077053 assigned 
to the present Applicant, the entire contents of which is 
incorporated by reference herein, is also supported, includ- 35 

ing indexation-on-the-fly. Export options to various formats, 
such as a text, Latex, HTML, image, pdf, etc., is also 
supported. These and other aspects are now described. 

The application 112 utilizes a framework for the definition 
and handling of documents and document elements so as to 40 

provide structured content allowing layout definition and 
preservation. This document model handles different types 
of document elements, which are best described with 
HTML5 reference, for example, see W3C HTML5 DOM-
Kinds of content: http://www.w3.org/TR/html5/ 45 

dom.html#kinds-of-content. The document model utilized 
by the application 112 does not reproduce HTML specifi­
cations, rather it takes inspiration from them. A subset of the 
elements of the document model is flow, sectioning, head­
ing, phrasing, embedded and interactive. 

Regarding flow, most elements that are used in the body 
50 

Conventional handwritten note taking applications are 
based on separated and fixed-dimensions pages, imitating 
real world pages. This 'card' approach is convenient for 
users to intuitively embrace creating content using hand­
writing on-screen, however it does not fit with other digital 
document contexts which all have unlimited height, such as: 

Websites, which care freely scrollable 
ePubs, which are paginated and freely scrollable 
text editors, which use pagination with freely scrollable 

pages. 
The Applicant has found that users of existing digital note 

taking applications have issues understanding how text 
behaves when editing, with text reflow and uncontrolled 
text/object position. In order to lower the learning curve for 
use of such applications, handwriting should be closer to 
what users are familiar with. That is, writing with keyboard 
in text editing software/web services, with the same model, 
behaviors and infinite scrollable pages. Any digital device 
user is already accustomed to scrolling ( either reading or 
writing). Scrolling is also a natural and intuitive pattern on 
touch devices. A quick solution in the handwritten note 
taking environment would be to just change the way pages 
are laid out, such as: 

fixed page size ( defined by device screen or viewport 
when creating content) 

pages stacked vertically 
allow page breaks for users who prefer paginated content 
allow free vertical scroll for users who prefer scrolling. 
However, such a solution does not address all the issues 

discussed earlier. For example, users would still face layout 
55 issues when typesetting. Accordingly, the note taking appli­

cation of the present system and method provides a typeset 
100% compatible solution as it utilizes a pure vertical scroll 
model featuring an infinite-height single page. This model 
allows: 

of documents and applications are categorized as flow 
content. Content flow basically works just like an HTML 
DOM, being a structured tree of nodes rendered vertically 
into main text view. All input goes by default into content 
flow, cascading vertically from top of the document and 
left-aligned for left-to-right written languages or right­
aligned for right-to-left written languages. Sectioning con­
tent is content that defines the scope of headings and footers. 
Heading content defines the header of a section (whether 60 

explicitly marked up using sectioning content elements, or 
implied by the heading content itself). Phrasing content is 
the text of the document, as well as elements that mark up 
that text at the intra-paragraph level. Runs of phrasing 
content form paragraphs. Embedded content is content that 65 

imports another resource into the document, or content from 
another vocabulary that is inserted into the document. Inter-

users to write on an infinite page or 'scroll page' as in a 
digital document, where: 
users are not limited by fixed page size; 
scroll pages can be sliced into fragments, with one 

fragment being about 500 sections or more, for 
example; 

time to load a large scroll page of content is about 50 
milliseconds; 
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users can scroll using gestures on or above the touch 
sensitive surface of the device interface, such as 
using two fingers 

users to select page mode display where: 
the infinite page is broken into sections; 
a visualization option is provided to select between 

displaying the sections on top of each other or 
displaying top and bottom margins between sections 
as a strong visual separator of vertical pages 

responsive display in which notes are displayed correctly 10 

independent of device size/orientation 
users to find existing content and sections easily via 

navigation 
conversion of existing notes into scroll pages flawlessly. 
Using vertical scroll for digital note taking means that 15 

writing is performed in a content flow instead of absolute 
positioned blocks, with all text cascading vertically just like 
an HTML page or a word processing document. By default, 
vertical content order defines model structure and all layout 
changes have impact on all content below, pushing down or 20 

pulling up. Accordingly, these changes to the users' layout 
must be considered and taken account of. However, users 
should still be provided with the ability to write anywhere on 
the page, i.e., both vertically and horizontally, create two­
dimensional objects, move things around and create layout 25 

on-the-fly. These abilities need to be balanced however so 
that a 'perfect' looking responsive document is created. This 
means: 

all input goes into content flow 
writing offset from margins creates floating blocks that 30 

are anchored to content flow 
document model can create invisible container nodes to 

handle responsive layout of floating blocks 

12 
may be allowed to customize the line pattern unit to a 
different multiple of the vertical rhythm height unit accord­
ing to their writing style. Alternatively, the vertical rhythm 
may be based on typeset text size (e.g., the minimum text 
size) and the LPU is provided as a multiple of this typeset 
text size. All lines 410 are displayed with the same very light 
and subtle color, e.g., grey, that is just between visible and 
faded. In this way the line pattern is noticeable but unob-
trusive so as to guide the handwriting input without distract­
ing from the note taking itself. The line pattern background 
410 is displayed in handwritten text context and serves 
multiple purposes: 

forces users to write onto it so that handwriting recogni­
tion is optimized 

helps users adopt regular vertical rhythm writing leading 
to same writing size and better block dimensions and 
positions (described later) 

gives users a hint about expected content, for example, 
dedicated backgrounds can be displayed for other con­
texts, such as drawings and equations 

helps users control line skipping to define paragraphs 
( described later). 

The top padding 402 is displayed on any new page or 
section and does not contain the line pattern background. 
This helps users write with proper vertical spacing, i.e., not 
too close from the interface 104 border and leaves room for 
other elements, such as section titling and tagging. The top 
padding 402 is defined by multiples of the LPU, e.g., in the 
example of FIG. 4 the top padding is two times the LPU. 

The left and right margins 404 and 406 are displayed with 
vertical lines. In the example of FIG. 4 these lines are similar 
to the line pattern 410 in color and definition, however these 
lines may be more boldly displayed if desired. The vertical 
line margins are positioned from the corresponding left and document model regularly edits and moves content from 

node/fragment to another to reflect layout/model 
changes in real-time 

all paragraphs/blocks are aligned to a (vertical and hori­
zontal) grid during content input (along with reflow 
action and typeset/beautification). 

35 right 'page' edges with a multiplying factor of the vertical 
rhythm unit. This multiplying factor changes according to 
the particular device 100, defining different margin width 
calculations. Example multiplying factors are detailed in 
Table 1. 

These and other features of the present system and 
method are now described in detail. FIG. 4 shows a sche­
matic view of an example visual rendering of a scroll page 
400 on a portion of the input surface 104 of an example 
computing device 100. The scroll page 400 is shown in 
editing view in which all content input is performed. Other 
views may be used for document structure editing and 
notebook navigation. Besides providing user interface (UI) 
controls ( described later), the main object of the editing view 
is to provide a full-width page that overflows vertically from 
the display 102 of the device 100. The infinite scroll page 
400 embodies a page of flexible height. In order to maximize 
writing space for users (particularly on smaller devices), an 
empty scroll page is defined to occupy at least the whole 
editing view height. 

40 

45 

50 

55 In the editing view (and other views as appropriate) 
several page elements are displayed including a top padding 
402, a left margin 404 and a right margin 406. The padding 
and margins define an input area 408 which has a line pattern 
background 410. The line pattern 410 has horizontal lines 
separated by a multiple of the vertical rhythm height unit 60 

being the density independent pixel ( dp ). Regardless of the 
particular device 100, the vertical distance between the 
horizontal lines 410 is defined by a line pattern unit (LPU) 
and the vertical rhythm height unit provides a graduated 
measure of the LPU on a particular device. For example, the 65 

LPU may be set at about one centimeter for any device being 
a certain multiple of the vertical rhythm height unit or users 

TABLE 1 

Margin 
Device Screen size Multiplier width 

Smartphone less than about 1 7 cm 2/3 32 dp 
(<7") 

Phablet about 1 7 to about 25 cm 3/3 48 dp 
(7" < 10") 

Tablet about 25 to about 32 cm 4/3 64 dp 
(10" < 13") 

Laptop computer about 32 cm to about 37 cm 5/3 80 dp 
(13" < 15") 

Desktop computer about 3 7 cm to about 50 cm 6/3 96 dp 
(15" < 21") 

Television greater than about 50 cm 8/3 128 dp 
(>21") 

The margins 404, 406 are displayed in handwritten text 
context, and serve multiple purposes: 

help users write with proper aligrnnent for direction of 
written language, and not too close from interface 
border 

allow secure single-point scrolling within right and/or left 
margin ( described later) 

offer dedicated zone in left and/or right margin for content 
tagging 

offer dedicated zone in left and/or right margin for slice 
gesture to define sections of the content input on the 
scroll page. 
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In the example of FIG. 4, the margins 404, 406 are not 
displayed in the top padding 402 and start from the first line 
pattern 410 horizontal line. However, the margins may 
extend into the top padding if desired. Further, the line 
pattern 410 is not displayed in the margin elements in order 5 

to discourage writing in these areas. However, it may be 
desired to allow writing in the margins for annotations and 
the like. Alternatively, the margins may only be displayed on 
hover-over or contact interaction with the horizontal extents 
of the page 400 or totally omitted, thereby, for example, 10 

relying on natural handwriting behaviors of users to not 
write too close to the screen/in edges. 

FIGS. SA to 7B show schematic views of the example 
visual rendering of the scroll page 400 with and without 15 
input content in various scrolled positions in relation to the 
interface 104 of the device 100. In the present example, the 
default height of an empty scroll page is slightly larger than 
the height of the interface 104 so as to compensate for the 
top padding 402 and to allow discoverability of the scrolling 20 

feature of the application 112 by users. The empty page 
height is defined by the editing view height plus the top 
padding height, such that the editing view extends below a 
viewable area 132 of the interface 104. That is, as shown in 
FIG. SA, the empty scroll page has the padding 402 within 25 

the viewable area 132 and an extend area 412 outside of the 
viewable area. In FIG. SB, the empty scroll page has been 
scrolled upwards, using a multi-point scroll gesture A (de­
scribed later), such that the padding 402 is outside of the 
viewable area 132 and the extend area is now part of the 30 

viewed scroll page 400. This empty page height is adapted 
when the scroll page is rendered on other devices with 
different screen sizes. 

Any time content input occurs, the page height extends 
35 

accordingly and remains scrollable to offer an uninterrupted 
way of writing by removing paper size limitations. That is, 
as shown in FIG. 6A, the height of input content B defines 
a content area 414 and a further extend area 416 is defined 
at the bottom of the scroll page 400 having the same 40 

dimensions. In this way, whatever content is entered, users 
are able to push it upwards outside of view to "clear" writing 
space without needing to create a new section (as shown in 
FIG. 6B), and even without writing any content the page is 
scrollable so that users understand the navigable aspects of 45 

the scroll page 400. 
Any content input updates page properties in real-time ( or 

as soon as possible), allowing users to scroll and push 
content outside of view. Page height extension equals con­
tent input height (starting from top of the first line to bottom 50 

of the last line=number oflines+l). This gives on a tablet for 
instance: 

1 line of content: (1 + 1 )xvertical rhythm unit=2x48=96 dp 

14 
new section (as shown in FIG. 7B). Accordingly, the page 
height extension integrates a content offset, giving on a 
tablet for instance: 

1 line of content with 1 line offset: ((1 + 1 )+(1 ))xvertical 
rhythm unit=3x48=144 dp 

2 lines of content with 3 lines offset: ((2+1)+(3))xvertical 
rhythm unit=6x48=288 dp 

4 lines of content with 2 lines offset: (( 4+ 1 )+(2))xvertical 
rhythm unit=7x48=336 dp 

and so on ... 
Vertical scroll may be handled differently depending on 

the ability of the computing device 100 to differentiate a 
users' finger from a stylus or pen (by which the device 
defines passive and active styli) or the ability of a stylus to 
indicate or communicate to the device that it is being used 
for handwriting or the ability of users to provide such an 
indication. By default, and in devices which do not differ­
entiate, any single-point touch or hover event within the 
input area 408 is to be considered as content input. Thus, in 
order for a user to scroll the page 400 without inputting new 
content a multi-point interaction can be used anywhere on 
the input area, such as the multi-point vertical scroll gesture 
A using two fingers touching or hovering over the interface 
104 at about the same time shown in FIG. 8. 

However, in order to allow scrolling without forcing 
multi-point interaction, a dedicated area may be defined in 
one or more of the margins, e.g., in FIG. 8 the right margin 
406 is defined with a scroll zone 422. A single-point gesture 
D (shown as a one-finger or stylus gesture touching or 
hovering over the interface 104 in FIG. 8) which starts in this 
zone and has subsequent movement that (wholly or partly) 
occurs within this zone is not considered as content input but 
as a scroll gesture. The width of the scrolling area may be 
defined by the margin width or independent therefrom. For 
example, the scroll zone may be defined by touch target 
dimensions of users' fingers and stylus tips (about 48 dp) so 
that the scrolling area remains the same even with respon­
sive resizing of the margins (e.g., wider with bigger 
devices). 

Once a scroll sequence is launched (either with multi­
point anywhere or single-point in the margin area) and until 
the page stops moving, scrolling may be continued using just 
a one-point gesture anywhere. When using a device that is 
able to differentiate finger from stylus, or a stylus which 
indicates its use to the device, or the user provides this 
indication, thus defining an active stylus for content input for 
example, multi-point interaction is not necessary and scroll­
ing is available with a one-finger vertical scroll gesture 
anywhere on the interface surface 104. 

The scroll page 400 is not automatically scrolled during 
writing input. This allows users to have control of page 
position. However, automatic scrolling does occur when a 
user drags selected content near the top or bottom edges of 
the viewable area so as to allow dropping anywhere on the 2 lines of content: (2+1)xvertical rhythm unit=3x48=144 

dp 
4 lines of content: ( 4+ 1 )xvertical rhythm unit=5x48=240 

dp 
and so on ... 

55 infinite page. That is, when selecting any type of content 
(text or objects), users may want to reposition that content 
anywhere else on the page including above or below the 
visible part of the page. In the example shown in FIG. 9, 

Content input may occur at any position on the page 400, 
with offset from the topmost position, or may be moved after 60 

input to any position on the page. That is, as shown in FIG. 
7 A, the height of an offset C of the input content B from the 
top padding 402 defines an offset area 418 and a further 
extend area 420 is defined at the bottom of the scroll page 
400 having the same dimensions. In this way, whatever 65 

content is entered, users are able to push it upwards outside 
of view to "clear" writing space without needing to create a 

content 424 is selected (in a manner described later) and then 
dragged or pushed (with sequence display of the dragging) 
to move the selected content into automatic scroll areas 426 
temporarily defined during selection and/or dragging/push­
ing close to the top or bottom edges of the viewable area 
132. Once the content is dragged/pushed into the scroll areas 
426, the scroll page 400 is scrolled with the scrolling speed 
bound to the drag position, i.e., the closer to the edge of the 
page 400 the faster the page scrolls. As long as content is not 
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dropped, both top/bottom automatic scrolling areas are 
active to allow users to scroll in the opposite direction if 
scrolling went too far, for example. When content is dropped 
and the drag/push sequence ends, top/bottom automatic 
scrolling areas are disabled so that content input is re­
enabled on the full viewable page. 

The scroll page can be provided as either a constraint-free 
canvas that allows users to create object blocks (blocks of 
text, drawings, etc.) anywhere without worrying about siz-
ing or alignment. However, in order to provide profession- 10 

ally formatted documents containing structured content, an 
alignment pattern may be defined onto which all content is 

iPhone ® 6 (portrait) -
Nexus 6 (landscape) -
iPad Air® (portrait) -
Surface ® Pro 3 (landscape) -
HP® Chromebook 14" -
Dell® Inspiron ® 23" -

16 

375 dp -
730 dp -
768 dp -
960 dp -

1366 dp -
1920 dp -

2 colwnns 
6 (or 8) columns 
6 (or 8) columns 

8 colwnns 
8 colwnns 

16 columns 

The devices and colunm counts shown in FIG. 11 are 
merely illustrative of the concept of using colunms to 
provide responsive layout display. The actual values may be 
different, such that more or less colunms are used for any 
given device. For example, for large screen devices, such as 
big-screen televisions, electronic/interactive whiteboards, 
and large-screen touch monitors, the propensity of users to 
handwrite using larger character sizes may be accommo-
dated by using a lower colunm count than illustrated in FIG. 
11, and for small screen devices, such as smartphones, the 
ability of users to handwrite using small character sizes due 

to be aligned/defined (either at input or along user interac­
tion). In one example of the present system and method, the 15 
alignment pattern is defined as responsive to the device 
size/orientation and is not itself displayed but used by the 
application 112 to define alignment of content elements. 
Various elements of an example alignment pattern 1000 are 
now described with reference to FIGS. 10 to 14. 20 to precise stylus use may be accommodated by using a 

higher colunm count than illustrated in FIG. 11. When 
changing window size or rotating the device, the alignment 
pattern adds or retrieves colunms along which content has to 
adapt and align/snap to new colunms (described later). 

The alignment pattern 1000 has left and right padding 
areas 1002 that prevent content from being input too close 
to the edges of the interface 104 of the device 100. The size 
of the padding areas 1002 is based on the text size related to 
the root element font size (rem), e.g., the font size of the 25 

<html> element. As with CSS styling (see, for example, 
https :// developer.mozilla.org/ en/ docs/Web/CSS/length), the 
rem unit represents the default font size of the root element 
(e.g., one rem=16 pixels (px) for web browsers). The rem 
unit is considered as a responsive unit with text size being 30 

built on a modular scale for the responsive vertical rhythm 
unit ( dp ). The rem unit principle is that when the default font 
size for the root element is changed, all other properties 
inherit from this single change and all elements are adapted 

35 
accordingly. However, as some browser applications may 
not support the rem unit, such layout can be achieved using 
the "em" unit instead. This definition of unit size is related 
with mobile device operating system (OS) Dynamic Type 
which implements the same behavior with other wording 40 

and variables (see, for example, https://developer.apple-

Various colunm-wide blocks are adapted using the rules 
detailed in FIGS. 12A and 12B. 

The alignment pattern 1000 further has a gutter space 
1006 (shown in FIG. 13) defined about vertical boundaries 
of each colunm 1004 on both the left and right edges so as 
to prevent object blocks from being positioned too close to 
each other. Like the other elements of the alignment pattern, 
the gutters 1006 are defined relative to the rem unit and 
define actual guides onto which layout of object blocks 1008 
is performed (see FIG. 14). This means that all object blocks 
are aligned/snapped onto the gutter edges and not colunm 
edges themselves and the UI page margins 404, 406 are 
positioned onto the leftmost and rightmost colunm gutters 
(see FIGS. 13 and 14). In this way, the alignment pattern 
elements are all defined using a text-related unit since the 
layout spacing depends on text size. The gutters could be 
omitted if desired and absolute colunm boundaries used 
instead . . com/library/ios/documentation/StringsTextFonts/Concep­

tual/TextAndWebiPhoneOS/Custom TextProcessing/Cus-
tom TextProcessing.html#//apple _ref/ doc/uid/TP4000954 
2-CH4-SW65). 

The area between the padding areas 1002 defines the 
available horizontal space as the input area 408. The align­
ment pattern 1000 defines a variable number of colunms 
1004, which are all the same width and flexible to fill up the 
whole available horizontal space between the padding 1002 
(shown divided with dashed lines). Accordingly, the input 
area 408 is equally divided into the colunms 1004 as shown 
in FIG. 10. The colunms define breakpoints as minimum 
application width values in dp, e.g., the screen width when 
the application 112 is provided in full-screen or just window 
width when reduced, such as on desktop/laptop, or split­
screen on tablet. 

As explained previously, the metrics used are based on 
both the input area 408 width and the rem unit for responsive 

45 sizing. These different metrics are related as shown in Table 
2. 

50 

55 

Colunm sizing depends on the colunm count, so colunm 
width is defined by the percentage of the whole available 60 
horizontal space, that is the input area 408 ( e.g., four 
colunms =25% ). The colunm count is provided so as to 
provide minimum content display within each column so 
that meaningful layout can be provided. FIG. 11 shows a 
graph of different colunm counts depending on the screen 65 

size of different devices. Certain device examples in accor­
dance with this graph are (in full screen context): 

TABLE 2 

Minimum No. of Column width (% Margin Gutter 
width (dp) columns of input area width) width (rem) width (rem) 

0 100 0 0.75 
240 2 50 1.5 0.75 
480 4 25 1.5 0.75 
720 16.66666667 2.25 0.75 
960 12.5 2.25 0.75 

1440 12 8.33333333 3.0 1.0 
1920 16 6.25 4.0 1.0 

As mentioned earlier, snap-to-pattern behavior is used for 
object block alignment. Vertical snap is handled through 
reference to the line pattern 410 in two ways, either by 
making sure that all object block heights are integer mul­
tiples of the LPU or at least the top boundary of each block 
is aligned with the next available line of the line pattern 
background 410. In the former case, whatever the user 
interaction (e.g., new, edited, moved, resized), all object 
blocks are always LPU-rounded and positioned according to 
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vertical LPU ( e.g., top and bottom boundaries are aligned 
with the line pattern background 410). Either way a LPU 
portion of a snap-to-grid mechanism is provided. For hori­
zontal snap, whatever the user interaction ( e.g., new, edited, 
moved, resized), left and right boundaries of all object 5 

blocks stay aligned with the columns 1004 (or gutters 1006) 
in any case. This provides a layout portion of the snap-to­
grid mechanism. Accordingly, the vertical and horizontal 
snap operations provide vertical alignment and horizontal 
alignment to the LPU (vertical) and layout (horizontal) grid. 10 

Alternatively, in order to provide fluid interaction and let 
users feel that they are in control of the layout, any move/ 
resize of an object block may be updated in real-time and 
aligned with current touch or hover position during the 
interaction (i.e., not aligned or snapped with the LPU and 15 

layout grid). For instance, during block resize ( detailed later) 
object block boundaries are updated with exact touch or 
hover position even though it might be in the middle of a 
column/line. 

18 
except in FIG. 22, the layout elements described are shown 
aligned to the vertical lines 1504 of the grid 1500 rather than 
the colunm gutters. As described earlier, the alignment grid 
itself is not displayed to users and acts as an invisible guide 
for the management of the layout of object blocks for the 
application 112, however the line pattern background 410 
may be displayed to users to provide guidance on writing 
size and placement. 

The layout management employed by the present system 
and method handles the way object blocks are defined and 
can be manipulated by users generally through use of simple 
gestures. This is done in a way that lets users feel they are 
in control of the layout, such that there are limited automatic 
behaviors and some flexibility is provided for users to 
position the content as desired. As the digital note taking 
application 112 is primarily for the handwritten capture of 
notes, the main object block can be considered to be a 
paragraph of text or a text block, with sub-elements being 
line breaks and alinea (i.e., subsets of paragraphs between 

Besides updating other surrounding elements in real-time 
to preview the overall result, users should have a visual 
feedback indicating what layout will become once an object 

20 two line breaks). The management of paragraphs includes 
the ability for users to create multiple paragraphs, split 
paragraphs, merge paragraphs, remove content in a para­
graph, move paragraphs and resize paragraphs. Other object 
blocks that can be created and need to be managed, particu-

is snapped onto the LPU and layout grid. One possible 
feedback would be to display a darkened/colored snapped­
to-grid overlay beneath the interacted block during interac­
tion. Once a user stops interacting with an object block, all 
block boundaries are snapped to the LPU and layout grid 
with a swift animation. When writing, text appears substan­
tially where the finger or stylus is in relation to the device 
interface so as to preserve the free writing experience for the 30 

user. However, paragraph boundaries are aligned with the 
LPU and layout grid no matter what ( discussed in more 
detail later). For example, the left boundary of the paragraph 
is aligned with closest left gutter 1006 and the right bound-

25 larly in relation to the text blocks, include content such as 
images, drawings and equations. 

The layout management provides the ability to create the 
different object blocks in a desired layout and perform 
operations on the separate object blocks, such as: 

block insertion or drag/push & drop (where there is empty 
room) to right or left of a block/paragraph 

block insertion or drag/push & drop (where there is empty 
room) below or above a block/paragraph 

insertion inside a paragraph (inline) 
insertion in between paragraphs. 
In FIG. 15 a first paragraph is shown as a margin-aligned 

paragraph 1506, which is aligned to the left-most or first 
vertical line 1504 of the grid 1500 and spans four of the 
horizontal lines 1502 of the grid 1500, or four LPUs. The 

ary of the paragraph is aligned with closest right gutter 1006. 35 

Further, in order to assist users' perception of appropriate 
spacing display of the line pattern background within the 
gutters of at least a current input column may be omitted 
during input. For example, during input in the second 
colunm of a four column grid, the line pattern background 40 paragraph contains handwritten text depicted as solid hori­

zontal lines. A second paragraph is shown as a floating text 
block 1508, which is aligned to the second vertical line 1504 
of the grid 1500 and spans four LPUs. The snapped-to-grid 
extent of the floating text block 1508 is shown by the dashed 

is omitted/masked in the left and right gutters of the second 
colunm, and may further be omitted/masked in the right 
gutter of the first colunm and the left colunm of the third 
colunm. Internal paragraph features, such as indentations 
(e.g., text horizontally offset from paragraph left origin for 
left-to-right written languages) may either be aligned with 
the colunms or stored as a property, for example in the 
memory 108, for each line of the paragraph unrelated with 
LPU and layout grid sizing. 

Certain example operations involving object block cre­
ation and management are now described with reference to 
FIGS. 15 to 24. The examples shown in these drawings are 
in a left-to-right written language context, and therefore any 
reference to positions can be adapted for written languages 
having different directional formats. In each of FIGS. 15 to 
24 part of the scroll page 400 is shown in schematic form as 
depicted in the viewable area of the device interface. The 
scroll page 400 is shown with the LPU and layout grid 1500 
configured from the line pattern background 410, as hori­
zontal lines 1502 of the grid 1500, and the alignment pattern 
1000, defined by vertical lines 1504 of the grid 1500 which 
divide the page 400 into a number of colunms 1004, e.g., six 
colunms in all the drawings (except FIGS. 22B and 24 in 
which three colunms are depicted). The top padding and 
margins of the scroll page, and the padding areas and column 
gutters of the alignment pattern are omitted in the drawings 
(except in FIG. 22) for ease of description. Accordingly, 

45 boundary 1508a, inside of which the grid pattern is sup­
pressed for clarity. The concepts of 'margin-aligned' and 
'floating' in the context of the present example scroll page 
400 are provided to distinguish those blocks which are 
aligned to a margin of the page, such as paragraphs of text 

50 that are left- or right-aligned on a page of a document editor 
application, and those blocks which are freely (with con­
straint to the grid) positioned relative to the margins. As 
shown the text of the paragraphs 1506, 1508 itself is not 
snapped to the grid so that the user does not gain the feeling 

55 that their control is lost. The actual input position of the text 
within the paragraph is provided by defining and storing, for 
example in the memory 108, the text indentation which is a 
property of each line of a paragraph corresponding to the 
distance between the start of the content and the closest 

60 column on the left of the paragraph. 
Another floating block 1510 is shown which is aligned to 

the fourth vertical line 1504 of the grid 1500 and spans five 
LPUs. The floating block 1510 may contain text or a 
drawing, image, diagram, equation, etc. Both aligned and 

65 floating blocks are anchored to a part or section of the scroll 
page, with the margin-aligned blocks being further anchored 
to the margin, and move vertically with it as the page is 
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scrolled. If the block is moved (i.e., selected to be dropped 
somewhere else), it is associated to the new part or section 
of the scroll page to which it is moved ( described in detail 
later). It is noted that the boundaries of the illustrated blocks 
are those used by the present system and method to deter- 5 

mine the extent of the input elements in relation to the 
aligmnent pattern and as such are not typically displayed by 
the application 112 to users. However, during editing opera­
tions, such as movement of blocks, etc., the boundaries may 
be displayed to assist users in proper placement of the 10 

elements relative to other elements of a layout. 
FIG. 16A shows several paragraphs residing in margin­

aligned and floating blocks. In particular, a first paragraph 
1600 has been created spanning four columns, followed by 
a second paragraph 1602 horizontally adjacent the first 15 

paragraph 1600 and spanning two colunms, and a third 
paragraph 1604 vertically below both the paragraphs 1600 
and 1602 and spanning all six colunms. The use of blocks 
and the alignment grid allow content within blocks to be 
edited while retaining the relative layout of the blocks. For 20 

example, in FIG. 16B the user has added further text to the 
second paragraph 1602 on the next horizontal line 1502 of 
the aligmnent grid 1500, however since the paragraph 1604 
is below the paragraph 1602 in the vertical flow of the scroll 
page 400, the lower paragraph 1604 is consequentially 25 

moved down to the next horizontal line 1502 of the align­
ment grid 1500 so as to retain the spacing of two LPUs 
between the paragraphs 1602 and 1604. Indeed, any content 
below is shifted down by the same amount so that relative 
layout is retained, since the user has not specifically changed 30 

those layouts. Accordingly, text written upstream in a block 
moves below content down if there is not enough space to 
expand the text block. This mechanism is the same as that of 
the extension of the scroll page 400 by the height of input 
content described earlier with reference to FIG. 6A, such 35 

that the content moved below is moved out of the viewable 
area 132 of the interface 104. 

20 
last line of text and continued onto the next line. In either 
case, it is considered that the added text belongs to the 
existing paragraph since it is added to the immediate next 
line 410 in the vertical flow. Determination of the added text 
actually being part of a new paragraph could be made using 
the recognition stage 118 of the HWR system 114, particu­
larly with reference to the offset of the text of the adjacent 
lines and their relationship to the left margin or aligned edge 
of the ( existing) paragraph. However, the result of such 
recognition is not known by the user. That is, without some 
specific indication (such as, display of a paragraphing sym-
bol or automatic shifting of the existing and/or new para­
graph blocks, which may be too intrusive on the note taking 
process and therefore distracting for the user) misrecogni­
tion of separate paragraphs would not been known until 
some manipulation of the layout occurs (such as display of 
the note on a different device or in a different orientation) by 
which time context of the original input may be forgotten. 

Accordingly, a simple constraint is placed on the input of 
separate paragraphs (and object blocks) in the vertical flow, 
in a manner which is easily understood and applied by users. 
This constraint is that there is always to be an empty line 410 
between object blocks, e.g., a spacing of two LPUs, which 
overlap horizontally, e.g., overlap in at least one column 
1004. This rule provides a way of cleanly maintaining 
relative layout between object blocks in the vertical flow of 
the scroll page 400 which can be applied to directly input 
content and dragged & dropped or pushed & dropped 
blocks. 

For example, in the operation described in relation to 
FIGS. 18A and 18B, the three LPU spacing between the 
paragraph 1800 and the block 1802 was maintained when 
vertical content was added to the paragraph 1800. Alterna­
tively, because the spacing after addition of the extra content 
to the paragraph 1800 remains equal to or more than two 
LPUs, the block 1802 (and any other lower object blocks) 
need not be consequently moved. Accordingly, if space 
between new and existing content is larger than one line, 
nothing is moved downward in the vertical stream, letting 

Alternatively, if there is enough space, then the text block 
will be expanded without movement of lower blocks. For 
example, FIG. 17A shows the paragraphs 1600, 1602 and 
1604 but with the third paragraph 1604 only being vertically 
below the first paragraph 1600 and spanning only four 
colunms. As such, as shown in FIG. 17B, when the user adds 
further text to the second paragraph 1602 on the next 
horizontal lines 1502 of the alignment grid 1500 the text 
block bounding the second paragraph 1602 can freely 
expand adjacent the lower paragraph 1604. 

40 the new content fill up available space. This is shown in the 
example of FIG. 18C where a paragraph 1806 is input two 
lines 410 below the last line 410 of the paragraph 1800 (e.g., 
the lower side of boundary 1800a of the block 1800 is 
spaced one LPU from the upper side of boundary 1804a of 

The operation of writing text upstream causing movement 
of the whole below content downwards if there is not 
sufficient layout space for that text is applicable to whatever 
content is below, i.e., text or non-text blocks. For example, 
in FIG. 18A a paragraph 1800 has been created and an object 
block 1802 (either text or non-text) has been created (or 
dropped) vertically below the paragraph 1800. In FIG. 18B 
the user has added further text to the paragraph 1800 on the 
last text line carrying onto the next horizontal line 1502 of 
the alignment grid 1500. However, since the block 1802 is 
below the paragraph 1800 in the vertical flow of the scroll 
page 400, the block 1802 is consequentially moved down to 
the next horizontal line 1502 of the aligmnent grid 1500 so 
as to retain the spacing of three LPUs between the objects 
1800 and 1802. 

In the example of FIGS. 16 to 18, the text added to the 
existing paragraph ( or being added during creation of the 
paragraph) is a continuation of the text of the paragraph onto 
the next line of the line pattern background 410, where either 
it is written directly on the next line or added to the existing 

45 the block 1804, such that the text lines are two LPUs apart) 
and since there remains an empty line 410 between the new 
paragraph 1804 and the block 1802, the block 1802 is not 
moved ( e.g., the lower side of the boundary 1804a of the 
block 1804 is spaced one LPU from the upper side of 

50 boundary 1802a of the block 1802, such that if the block 
1802 is a text block the text lines are two LPUs apart). As 
such, this rule is more correctly defined as the text lines of 
text blocks must be spaced apart by two LPUs, meaning that 
vertically adjacent block boundaries can be spaced one LPU 

55 apart. 
Whenever new content reaches existing content (leaving 

less than one empty line therebetween), the whole content 
below is moved one line down to reintroduce the one empty 
line spacing. Similarly, each time new content is written on 

60 an empty line between object blocks, the content below is 
moved one line down. Similarly, each time a block is added 
upstream on a new line the content below is moved down 
and there should always be a line above and below the block. 
An example of this is shown in FIG.18D, in which an object 

65 block 1806 is dropped onto the line 410 below the paragraph 
1800 (such that there is a spacing of one LPU therebetween) 
and the paragraph 1804 and the block 1802 are consequently 
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moved down so that there is a spacing of one LPU between 
the new block 1806 and the paragraph 1804, with no relative 
layout change between the blocks 1802 and 1804. This 
example is further extended in FIG. 18E where the block 
1802 is moved above the paragraph 1804 and dropped one 5 

LPU spacing below the block 1806 with consequential 
downward movement of the paragraph 1804 so that one 
LPU spacing remains between the lower side of the bound-

22 
this way, a double tap on empty space is interpreted as the 
user desiring to create a block object which has a different 
context than just text. The application 112 can then use other 
recognition mechanisms to determine and recognize the 
actual content input, if handwritten, such as the systems and 
methods described in US Patent Application Publication US 
2015/0228259, US Patent Application Publication No. 2016/ 
0154998 filed Dec. 2, 2014 entitled "System and Method for 
Recognizing Geometric Shapes", and European Application ary 1802a of the block 1802 and the upper side of the 

boundary 1804a of the block 1804. 10 No. 15290183.1 filed Jul. 10, 2015 and U.S. application Ser. 
As described earlier, blocks can be dragged & dropped or 

pushed & dropped from their current position in the scroll 
page 400 to a new position, or resized, perhaps with con­
sequential movement of other blocks and with guiding 
mechanism for users. For example, FIGS. 19A to 19C show 15 

an operation in which a paragraph 1900 and a non-text block 
1902 ( e.g., containing an image) are laid out and the non-text 
block 1902 is moved. The initial position of the block 1902 
shown in FIG. 19A is horizontally adjacent the paragraph 
1900. If the block 1902 is moved horizontally as shown in 20 

FIG. 19B from its initial position, during this movement a 
caret 1904 is displayed showing the next available horizon-
tal position in which the block 1902 can be dropped, e.g., in 
the example shown the block 1092 has been moved over the 
paragraph 1900 and therefore the next available drop posi- 25 

tion is on the left margin where the caret 1904 is displayed. 
Dropping the block 1902 in this suggested position will 
cause consequential horizontal movement of the paragraph 
1900 snapped to the next available colunm of the alignment 
grid 1500, e.g., the third colunm 1004. Similarly, if the block 30 

1902 is moved vertically as shown in FIG. 19C from its 
initial position, during this movement the caret 1904 is 
displayed showing the next available vertical position in 
which the block 1902 can be dropped, e.g., in the example 
shown the block has been moved below the paragraph 1900 35 

and therefore the next available drop position is on the line 
410 below the paragraph 1900. Similar mechanisms can be 
used when resizing object blocks. By guiding users in this 
way, alignment of objects to other objects or to the align­
ment grid itself is provided as much as possible. Besides 40 

blocks, text selected in a paragraph can itself be inserted 
inside another paragraph by drag & drop ( or other editing 
mechanisms such as push, copy, cut, paste) or if dropped in 

No. 14/870,735 filed Sep. 30, 2015 both entitled "System for 
Recognizing Multiple Object Input and Method and Product 
for Same", all assigned to the present Applicant and the 
entire contents of which are incorporated by reference 
herein. 

Like the block management so far described herein, the 
generation of the non-text input canvas is performed in 
accordance with the alignment grid/pattern. That is, when 
the page 400 in the viewable area 132 of the interface 104 
is empty, the generated canvas takes all the available space 
in the viewable area 132. Alternatively, when the canvas is 
to be generated horizontally next to an object block, the 
generated canvas takes the available width to the corre­
sponding margin/padding area and aligns to the height of the 
existing object block. Further, if there is content above the 
to-be-generated canvas, the generated canvas takes the 
available space below the existing block and an empty line 
is left between the existing block and the canvas ( e.g., a 
spacing of one LPU) so that it is not included in the content 
above. Further still, if there is content above and below the 
to-be-generated canvas, the generated canvas takes the 
available full width of the scroll page and the available 
height between the existing blocks with an empty line left 
above and below the canvas relative to the existing blocks 
( e.g., a spacing of one LPU top and bottom) so that it is not 
included in the existing content. FIGS. 20 and 21 show 
examples of two of these operations. 

In FIG. 20A a paragraph 2000 is shown as a margin­
aligned block sparming two colunms 1004 and eight lines 
410, such that the boundary 2000a of the block 2000 is 
aligned on the second vertical line 1502 and the eighth 
horizontal line 1504 of the alignment pattern 1500. In 
response to receiving a double tap gesture E to the right of 
the paragraph 2000 a block 2002 is created from the second or pushed to empty space, a new text block is created with 

that text. 45 vertical line 1502 to the last vertical line 1502 of the 
When moving existing content, the operations described 

earlier can be used with the corresponding consequential 
behavior of the layout. When creating new text content, such 

alignment pattern 1500 and with the same vertical extent as 
the paragraph 2000 ( e.g., to the eighth horizontal line 1504) 
as shown in FIG. 20B. Non-text input within the block 2002 

as a new paragraph, users simply need to handwrite on the 
next available line of the line pattern background, following 50 

the empty line between rule described earlier. When creating 
new non-text content, such as a drawing or equation, if users 
were to simply begin inputting the non-text content on the 
next available line for example, the HWR system 114 would 

can then be performed. 
In FIG. 21A, a paragraph 2100 is shown as a full page 

width (two margin-aligned) block spanning all six colunms 
1004 and four lines 410, such that the boundary 2100a of the 
block 2000 is aligned on the fourth horizontal line 1504 of 
the alignment pattern 1500. In response to receiving a 

be required to detect the input of the non-text content so that 
the handwriting recognition is not carried out on the new 
content. Alternatively, users can be provided with a mecha­
nism to indicate that non-text content is to be input. Con­
ventionally this has been done through menu selections or 
the use of specialized styli, such as a drawing pen versus a 
writing pen. The present system and method simplifies this 
indication by leveraging existing touch interface actions 
known to users. 

That is, in order to input non-text content users merely 
double tap on empty space upon which the application 
automatically creates a block area or canvas in which the 
user can insert an image, drawing, diagram, equation, etc. In 

55 double tap gesture E below the paragraph 2100 a block 2102 
is created from the fifth horizontal line 1504 of the alignment 
pattern 1500 to the vertical extent of the page 400 as shown 
in FIG. 21B. Non-text input within the block 2102 can then 
be performed. In a further example, if the canvas to be 

60 generated is too near the edge of the input area 408 of the 
scroll page 400 to provide meaningful content input, the 
scroll page could be automatically scrolled. With respect to 
the top and bottom extents of the input area 408, by setting 
a minimum canvas width and height ( e.g., say, two colunms 

65 and two LPUs), automatic scrolling could be achieved 
similar to that described earlier in relation to FIG. 9, since 
when a canvas is to be generated such that part of the 
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minimum canvas overlaps the automatic scroll areas upon 
generation the scroll page will be automatically scrolled. 
Such a minimum canvas size also provides a way to ensure 
vertical overflow of a canvas below horizontally adjacent 
objects (e.g., to the left of the canvas) or of the horizontally 
adjacent objects (e.g., to the right of the canvas) when the 
canvas is to be created too close to the margin extents of the 
scroll page or between objects that are not sufficiently 
spaced apart. 

24 
the present system and method during such transitions, as is 
the content within the blocks themselves. As such, opera­
tions such as automatic resizing are kept to a minimum and 
only performed where necessary or where the users' original 
input is not adversely effected. Upon translation, if users 
desire resizing or scaling of content, they are able to perform 
such operations manually, for example, in the manner 
explained above. 

As mentioned, the computing device 100 on which the 
Users may subsequently determine that the generated 

canvas is either too small or large for the purposes intended. 
As such, resizing of the created non-text block can be 
subsequently performed before or after content input. Resiz-
ing of all object blocks is possible under given conditions 
and with certain consequential actions on the layout. For 
example, resized objects snap to the alignment grid, resized 
content is always fully visible in the note ( e.g., not cropped), 
except for images if necessary. With respect to image 
resizing, images imported into or as non-text blocks in the 
scroll page 400 are embedded within a bounding box that 
serves as a layout container. Image positioning within its 
bounding box is handled as following without user interac­
tion: 

10 application 112 is utilized may have an interface 104 which 
responds to a change in the orientation of the device from 
portrait to landscape and vice-versa. Accordingly, the layout 
and characteristics of content elements included in a note of 
a scroll page of the digital note taking application must also 

15 be responsive whilst following the same principles of mini­
mal undesired effect on layout. The same applies to display­
ing a particular scroll page, or note book, on devices having 
different display sizes. The aligrnnent grid, and in particular 
the layout pattern, of the present system and method pro-

20 vides an effective way of providing responsiveness to such 
transitions. An example transition is now described with 
reference to FIGS. 22A and 22B. 

image is scaled up/down so that it always covers the 
whole bounding box area ( overflowing parts being 25 

cropped) 
image always keeps its aspect ratio in any case ( e.g., no 

stretching) 
image is centered within its bounding box. 
Resizing of images, and of other object blocks, is per- 30 

formed using handles (see FIG. 9) displayed around a 
selected image and bound with the bounding box, not the 
inner image itself. Access to the handles, with corresponding 
display of the block boundaries, is provided by the present 
system and method in a natural and well understood manner 35 

to users, such as by the user simply performing a single tap 
on the content to be resized/edited. As is understood by those 
skilled in the art, once displayed users touch or hover over 
the handles and drag/push the selected handle across the 
interface so as to provide different behaviors with dragging/ 40 

pushing of corner handles causing scaling of the bounding 
box (moves two sides, thus keeping the bounding box aspect 
ratio) and dragging/pushing of side handles causing stretch-
ing of the bounding box (move single side, thus changing 
bounding box aspect ratio). Changing the bounding box 45 

aspect ratio has no impact on the inner image aspect ratio, 
rather the image is automatically scaled/centered. 

FIG. 22A shows an example of the scroll page 400 on a 
device interface 104 on which six colunms 1004 of the 
layout pattern 1000 can be meaningfully provided. The 
column gutters 1006 of the colunms 1004 are also shown. A 
first object block 2200 spans the first colunm 1004, a second 
object block 2202 spans the second and third colunms 1004 
and a third object block 2204 spans the fourth colunm 1004, 
where the blocks 2200, 2202 and 2204 are horizontally 
adjacent and the vertical boundaries of each block are 
aligned with the corresponding column gutters 1006, as 
previously described. 

FIG. 22B shows the scroll page 400 translated to a 
different device interface 104 or the device interface 104 in 
a different orientation in which only three colunms 1004 of 
the layout pattern 1000 can be meaningfully provided. 
Accordingly, while the first and second object blocks 2200, 
2202 fit within the three colunms 1004 of the translated 
scroll page 400, the third object block 2204 which sparmed 
four of the columns 1004 in the scroll page 400 of FIG. 22A 
does not. Accordingly, the third block 2204 is moved ver­
tically to the next available line 410 of the line pattern 
background ( e.g., leaving a one LPU spacing between it and 
the closest block above) and is margin-aligned so as to now 
span the first colunm 1004 aligned with the corresponding 
column gutters 1006. Any content below is also moved 
downward as previously described. In this way, the original 
layout is maintained as much as possible whilst providing 
meaningful and well-sized display of the layout content in 
different views of the scroll page 400. For example, the 
margin-alignment of the vertically moved, previously float­
ing, block is done so that it is clear that the block initially 
cam directly after the previously left-adjacent horizontal 

Other types of non-text blocks and text blocks can be 
explicitly resized in the same manner. However, when a 
paragraph is resized the font size of the text content is not 50 

changed (i.e., scaled) only the paragraph's dimensions (see 
detail discussion later for exceptions). With respect to the 
layout, if a block is made smaller content below is moved 
upward and if a block is made larger content below is moved 
downward, in accordance with afore-described rules. 55 block. 

As previously described, automatic resizing of blocks also 
occurs due to user input of content within blocks. For 
example, when users write in a text block ( e.g., adding to or 
continuing a paragraph), the block extends automatically as 
the users write, with alineas and font size being maintained 60 

(and with any consequential movement of lower content). 
Automatic resizing can also occur due to display of a note 
created on one device being subsequently displayed on a 
different device having a screen of a different size or a 
change in orientation of the device display, e.g., landscape to 65 

portrait. As described earlier, the users' created layout of 
note taking object blocks is respected as much as possible by 

By this responsive layout process, the present system and 
method is able to maintain layout in situations where a note 
is created/displayed by an initial device in an initial orien­
tation and then sequentially displayed on smaller/larger 
devices in same/different orientations, where the display in 
the original (first) format is maintained when the note is 
displayed in that format again. In order to achieve this, the 
relative positioning of the object blocks in the layout relative 
to the alignment pattern needs to be known. The application 
112 handles this by determining the relative block positions 
and creating sections or divisions of the scroll page to 
manage retention of block proximity when translating the 
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scroll page view. When there is a horizontal/vertical overlay 
of more than one element/block in the vertical/horizontal 
direction a division is created. The elemental content of a 
division is not changed when the elements of the division are 
moved within the division either through direct action of 5 

users or due to translation of the scroll page in line with the 
viewable area of the device interface. The elemental content 

26 
the three LPU span of the block 2302) it is determined that 
there are no horizontally adjacent blocks. Accordingly, a 
sub-division is not created. 

B5. Division processing ends, as there are no further blocks 
of content in either direction. 

of a division is changed when elements are removed from 
the division or editing actions on the content are performed. 

FIGS. 23A to 23F illustrate an example division scheme 
of the present system and method. In determining whether to 
divide the layout or not, the present system and method first 
determine in the vertical direction whether there are ele-

FIG. 23C shows the scroll page 400 with a third object 
block 2306 input horizontally adjacent the second block 
2302. The third block 2306 spans three columns 1004 and 
three LPUs 410. As a further block has been input the 

10 following occurs: 

ments which horizontally overlap one another by checking 15 
the horizontal direction for each vertically displaced ele­
ment, and whenever overlap is found the direction of the 
search changes from vertical to horizontal to vertical and so 
on. 

FIG. 23A shows an example of the scroll page 400 with 20 

one object block 2300 input in the interface 104. The block 
spans three colunms 1004 and two LPUs 410. In determin-
ing whether to divide the layout or not, the present system 
and method first determine the presence of multiple vertical 
elements and then determine in the vertical direction 25 

whether there are elements which horizontally overlap by 
checking the horizontal direction for each vertically dis­
placed element. Whenever overlap is found the direction of 

Cl. Steps Bl to B3 are repeated with resulting maintenance 
of the division 2304. 

C2. Step B4 is repeated but this time it is determined that the 
block 2306 is horizontally adjacent on the right. Accord­
ingly, the division 2304 is updated so as to contain all 
three blocks 2300, 2302 and 2306 and a sub-division 2308 
containing the blocks 2302 and 2306 is created. 

C3. With the creation of the sub-division 2308, it is deter­
mined whether any further elements are within the sub­
division 2308 by processing continuing at the block 2306 
(being the next element in the horizontal direction within 
the sub-division 2308) and with a search of the horizontal 
direction to the left and right (e.g., within the three LPU 
span of the block 2306) it is determined that only the 
block 2302 is horizontally adjacent on the left, which is 
already known. Accordingly, the sub-division 2308 is 
maintained (e.g., there is no need to extend the division to 
contain another block). the search changes from vertical to horizontal to vertical and 

so on. Thus, in the example of FIG. 23 the following occurs: 3° C4. With the creation and confirmation of the sub-division 
Al. Processing begins at the block 2300 (being the first 

element in the vertical direction) and with a search of the 
vertical direction below ( e.g., within the four colunm span 
of the block 2300) it is determined that there are no 

35 
vertically overlapping blocks. Accordingly, a division is 
not created. 

A2. Processing continues at the block 2300 and with a 
search of the horizontal direction to the left and right ( e.g., 
within the two LPU span of the block 2300) it is deter- 40 

mined that there are no horizontally adjacent blocks. 
Accordingly, a division is not created. 

A3. Division processing ends, as there are no further blocks 
of content in either direction. 
FIG. 23B shows the scroll page 400 with a second object 45 

block 2302 input below the first block 2300. The second 
block 2302 spans one column 1004 and three LPUs 410. As 
a further block has been input the following occurs: 
B 1. Step Al is repeated but this time it is determined that the 

block 2302 is vertically overlapped with the block 2300. 50 

Accordingly, a division 2304 containing the blocks 2300 
and 2302 is created. 

B2. With the creation of the division 2304, it is determined 
whether any sub-divisions should be created at the block 
2300 by repeating step A2 which achieves the same result 55 

in the present example. 

2308, it is determined whether any further sub-divisions 
within the sub-division 2308 should be created by pro­
cessing continuing at the block 2306 and with a search of 
the vertical direction below within the sub-division 2308 
( e.g., within the three colunm span of the block 2306) it 
is determined that there are no vertically adjacent blocks 
within the sub-division 2308. Accordingly, a sub-division 
is not created. 

CS. Division processing ends, as there are no further blocks 
of content in either direction. 
FIG. 23D shows the scroll page 400 with a fourth object 

block 2310 input below the existing blocks. The further 
block 2310 spans three colunms 1004 and two LPUs 410. As 
a further block has been input the following occurs: 
Dl. Steps Bl and B2 are repeated with resulting mainte­

nance of the division 2304. 
D2. Step B3 is repeated but this time it is determined that the 

block 2310 is vertically overlapped with the block 2302. 
Accordingly, the division 2304 is updated to contain the 
blocks 2300, 2302, 2306 and 2310. 

D3. Steps C2 to C4 are repeated with resulting maintenance 
of the updated division 2304 and the sub-division 2308. 

D4. Division processing ends, as there are no further blocks 
of content in either direction. 
FIG. 23E shows the scroll page 400 with the third object 

block 2306 having been resized to still span three colunms 
1004 but now span one LPU 410 rather than three. As an 
editing operation on the layout has occurred, the division 

B3. Processing continues at the block 2302 (being the next 
element in the vertical direction) and with a search of the 
vertical direction below (e.g., within the single column 
span of the block 2302) it is determined that there are no 
vertically overlapping blocks. Accordingly, the division 
2304 is maintained (e.g., there is no need to extend the 
division to contain another block). 

60 processing is performed but with the result that the existing 
divisions are maintained as they are since the relative layout 
of the blocks has not been changed. 

B4. With the confirmation of the division 2308, it is deter­
mined whether any sub-divisions should be created by 
processing continuing at the block 2302 and with a search 
of the horizontal direction to the left and right ( e.g., within 

FIG. 23F shows the scroll page 400 with a fifth object 
block 2312 input below the (resized) third object block 

65 2306. The further block 2312 spans one colunm 1004 and 
one LPU 410. As a further block has been input the 
following occurs: 
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Fl. Steps Dl and D2 are repeated with resulting mainte­
nance of the division 2304. 

F2. Steps C2 and C3 are repeated with resulting maintenance 
of the division 2304 and the sub-division 2308. 

28 
and below) with the left-most block (i.e., the block 2306) 
being margin-aligned. In this way, the original layout is 
maintained as much as possible, both in the main vertical 
flow of elements and in the horizontal order of elements 

F3. Step C4 is repeated but this time it is determined that the 5 

block 2312 is vertically overlapped with the block 2306. 
Accordingly, a further sub-division 2314 containing the 
blocks 2306 and 2312 is created. 

across the width of the scroll page, whilst providing mean­
ingful and well-sized display of the layout content in dif­
ferent views of the scroll page 400. Since the vertical and 
horizontal orders are maintained, the display of FIG. 24 is 
properly translated back to the display of FIG. 23F (e.g., the F4. With the creation of the sub-division 2314, it is deter­

mined whether any further elements are within the sub­
division 2314 by processing continuing at the block 2312 
(being the next element in the vertical direction within the 
sub-division 2314) and with a search of the vertical 
direction below within the sub-division 2314 (e.g., within 
the three colunm span of the block 2312) it is determined 
that there are no vertically adjacent blocks within the 
sub-division 2314. Accordingly, the sub-division 2314 is 
maintained ( e.g., there is no need to extend the division to 
contain another block). 

F5. With the creation and confirmation of the sub-division 
2314, it is determined whether any further sub-divisions 
within the sub-division 2314 should be created by pro­
cessing continuing at the block 2302 and with a search of 
the horizontal direction to the left and right ( e.g., within 
the single LPU span of the block 2312) it is determined 
that only the block 2302 is horizontally adjacent on the 
left, which is already known. Accordingly, a sub-division 
is not created. 

F6. Division processing ends, as there are no further blocks 
of content in either direction. 
The example layout of FIG. 23 is therefore divided into 

three divisions or sections. With the first or root division 
containing all content blocks, the second division containing 
three blocks and the third division containing two blocks. In 
the example of FIG. 23 the divisions are created, updated 
and processed incrementally as input is made to the appli­
cation 112. These divisions are therefore stored in the 
memory 108, for example, by the application 112 as they are 
created and updated so that the order of the blocks is 
maintained through movement of individual blocks within 
or between the divisions either through user interaction or 
display/orientation changes (described in relation to a spe­
cific example later). The division processing is also appli­
cable to an already created layout of blocks ( e.g., when an 
existing note is loaded on the application 112). Whilst the 
root division and first level sub-division ( e.g., the sub­
division 2304) are shown in FIG. 23 as surrounding the 
blocks contained therein, it is understood that these higher 
level divisions basically divide the width of the scroll page 
400 into sections. 

FIG. 24 shows the scroll page 400 of FIG. 23 translated 
to a different device interface 104 and/or device interface 
104 in a different orientation. In response to the translation, 
the application 112 has rendered the scroll page 400 with 
three colunms 1004 of the layout pattern 1000. Accordingly, 
while the blocks 2300 and 2310 of the root division 2304 fit 
within the three columns 1004 of the translated scroll page 
400, the combined blocks 2302, 2306 and 2312 of the 
sub-division 2308 which spanned four of the colunms 1004 

10 layout to that original input) when the original device 
orientation or size is restored. 

In the example of FIG. 23, there was sufficient horizontal 
space (e.g., colunms) in the divisions for the content added 
to those divisions. On the other hand, if added content or 

15 objects do not fit into the available width of the scroll page 
410 within a division, all objects of the division may be 
automatically resized (as described earlier) depending on 
where the added object is input or dropped within the 
division and the objects to the right and below consequently 

20 moved down. Resizing of digital ink paragraphs or text 
blocks also involves reflow of the digital ink onto the more 
or less lines of the line pattern background. This reflow is 
handled so that the meaning and integrity of the paragraph 
is maintained. Accordingly, a particular paragraph of digital 

25 ink (and typeset text-see later) may be reflowed differently 
to another paragraph, and in any case, the minimum width 
of a paragraph is governed by the minimum word width 
(with or without hyphenation) of the text within the para-

30 

graph. 
Automatic resizing may also be performed with a change 

of orientation or format so that the position of a block or 
paragraph in the layout and its percentage of the vertical 
occupation in the width of the scroll page is respected. For 
example, for handwritten text in a paragraph that has a 

35 certain relative vertical position and occupies a certain 
percentage of the viewable area width, say 75%, the same 
relative position and percentage is applied when changing 
the device orientation or size by reflowing the text so that 
more words can fit into the paragraph or the height of the 

40 paragraph is changed or the size of the text characters is 
adjusted accordingly. Text size is particularly relevant to the 
typesetting of the digital ink. 

The manner of converting the input digital ink to typeset 
text has an impact on the layout as well. This is because, 

45 characters handwritten on either paper or on-screen are 
typically much larger than typeset text, which is generally 
rendered using standard OS settings (e.g., 16 px font size 
and 24 px line height) and are generally of varying size and 
alignment (the line pattern background assists in reducing 

50 the extent of these variations however). Accordingly, when 
a paragraph of digital ink is typeset the resulting typeset text 
paragraph is much smaller. An example of the relative sizes 
of a paragraph before and after typesetting is shown in FIG. 
25 in which a simple multiline paragraph of digital ink 2500 

55 having a span of six lines 410 (e.g., six LPUs) shrinks down 
to a multiline paragraph 2502 of only three lines (e.g., no 
longer a measure ofLPUs) of typeset text when typeset. This 
is not such an issue for vertically laid out paragraphs which 
are typeset one-by-one or all together after writing is com-

60 pleted since the relative layout of the paragraphs remains the 
same. However, for horizontally laid out paragraphs and 
non-text blocks adjacent the paragraphs which are typeset 
drastic changes in the layout may occur if automatic move-

in the scroll page 400 of FIG. 23 do not. However, unlike the 
situation depicted in FIG. 22A, since the blocks 2306 and 
2312 are further contained in the sub-division 2314, then the 
sub-division 2314 as a whole is moved vertically to the next 
available line 410 of the line pattern background with 
consequential movement of the content block 2312 (e.g., 65 

leaving a one LPU spacing between the upper and lower 
blocks of the sub-division 2314 and the closest blocks above 

ment of the surrounding object blocks is performed. 
Alternatively, the adjacent blocks can be left as is, such as 

by not resizing the block (boundaries) of the paragraph 
which has been typeset. However, since users are unaware of 
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the existence of the blocks, since the block boundaries are 
only displayed during movement and editing for example, 
the size of the resultant typeset paragraph may seem odd 
with respect to the surrounding elements causing users to 
attempt moving those blocks closer to the typeset paragraph 
which may not be allowed due to the size of the enlarged 
block surrounding the typeset paragraph. 

It is clear that handwriting requires a larger space than 
typeset for content to be input correctly ( e.g., a larger line 
height) and the line pattern background is generally needed 
to assist the recognition process. Accordingly, since the line 
height of the digital ink is larger than that of the typeset ink, 
the present and system method removes display of the line 
pattern background from typeset paragraphs thereby making 
the content much clearer and readable, and ready to be 
shared. An example of this is shown in FIG. 26 in which a 
digital ink paragraph 2600 having the line pattern back­
ground 410 displayed is converted into a typeset paragraph 
2602 with display of the line pattern background suppressed 
in the text block 2602 containing the typeset paragraph. 

Transitioning from handwriting to typeset needs to be 
quick to prevent distracting users from content input. 
Accordingly, in the present system and method a simple, 
natural and well-understood mechanism to manually typeset 
paragraphs is provided and animation of the transformation 
is used with a simple mix of transparency (0% to 100%) and 
scaling (0% to 100% ). In one example, when a user desires 
to typeset a paragraph, they simply double tap on the 
paragraph and in the resultant animation the origin of the 
transformation is aligned with the absolute middle of the 
smallest state (being typeset). An example of such transform 
animation is shown in FIG. 27 in which the transformation 
from the digital ink paragraph 2600 to the typeset paragraph 
2602 is shown. If the user is unhappy with the size of the 
typeset paragraph in relation to the other elements they can 
resize the paragraph block, for example, through performing 
a single tap on the content to select the content, as described 
earlier. Further, reversal of the transformation may be pro­
vided by re-performing a double tap on typeset content. 
Alternatively, users could see the animation and resultant 
typeset paragraph, which either temporarily replaces or 
overlays the digital ink paragraph (as shown in FIG. 27) by 
performing other natural and well understood operations, 
such as a long press or hover over the digital ink paragraph, 
before committing to the transformation. 

Once a paragraph is typeset users may desire to change or 
add content to the typeset content by handwriting. The 
present system and method supports this in a manner which 
adheres to the afore-described rules for producing good 
quality and shareable digital notes. This is done by requiring 
the typeset paragraph to be displayed in a larger format. In 
this larger format, the line pattern background is displayed 

30 
to the same size. In this way, it is unnecessary for the HWR 
system 114 to perform re-recognition of all the paragraph 
content and the layout is maintained. 

Additional to typesetting, simple and well understood 
gestures may be performed by users to interact with, edit and 
create new content within the notes. For example, when 
inserting a non-text canvas as described with reference to 
FIGS. 20 and 21, full screen mode of that canvas may be 
entered, for example, by users performing a double tap on 

10 the inserted canvas area. Further, within a digital ink or 
typeset paragraph, interaction with specific text, e.g., words, 
phrases, sentences, may be done, for example, by users 
performing a long-press or hover over the text to be selected 
with or without resultant selection handles for changes to the 

15 selection (as described earlier). Further, in the spaces of the 
input area 408 outside of the defined object blocks, editing 
gestures supported by the HWR system 114, such as strike­
through, scratch-out, insertion, etc., could be performed by 
users to add or suppress space about existing elements (with 

20 consequential downstream movement of any object blocks 
below) without movement or resizing of the elements them­
selves. 

The present system and method provide an application 
which allows users, such as students, academic and working 

25 professionals, to take handwritten notes, such as during 
lectures, meetings and brainstorming sessions, on their com­
puting devices in a meaningful and shareable format akin to 
word processed documents. The present system and method 
further allow natural writing to be input since the writing is 

30 made on (ruled) lines, and paragraphs and other layout 
elements are respected responsive to orientation (i.e., por­
trait or landscape) and device display capacity. 

Further interaction with the handwritten or typeset text, or 
non-text content, created in a note, such as editing the 

35 content, manipulating the layout of the notes, or converting 
or adding the notes into a document, can be performed 
directly within the application itself without the need to 
import the note into a separate document processing appli­
cation. As such, the original layout of the handwritten notes 

40 is maintained, as is the actual input handwriting itself, the 
digital ink. Accordingly, annotations, decorations, special 
layout, etc. is maintained for easy comprehension of the 
notes taken. 

While the foregoing has described what is considered to 
45 be the best mode and/or other examples, it is understood that 

various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ-

50 ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart­
ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 

55 details, exhibits, and illustrated examples in this description. 

in the typeset paragraph block with the font size of the 
typeset text enlarged so as reside on the lines of the line 
pattern background. In this way, any handwritten text or 
editing gestures supported by the HWR system 114, such as 
strike-through, scratch-out, overwrite, insertion, etc., are 
made in relation to the LPU thereby supporting proper 
recognition. The temporary transformation to the larger 
typeset size can be achieved, for example, by the user 60 

performing a simple and well understood operation, such as 

It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 
concepts disclosed herein. 

We claim: 
1. A system for digital note taking on computing devices, 

each computing device comprising a processor and at least 
one non-transitory computer readable medium for recogniz­
ing handwriting note taking input under control of the 
processor, the at least one non-transitory computer readable 
medium configured to: 

a single- or multi-point gesture like a pinch-out. In this 
situation the new handwritten text remains in this format, 
e.g., the paragraph is a mix of typeset and digital ink, until 
the user performs conversion ( e.g., in the manner described 65 

earlier) at which the enlarged typeset text reverts to the usual 
sizing at the same time as the added digital ink being typeset 

cause display of, on a display interface of a computing 
device, digital ink in a block layout in accordance with 
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a layout of geometric blocks of the handwriting input 
and a configuration of the computing device display 
interface, said configuration of the computing device 
being defined by horizontal and vertical dimensions of 
the display interface, and wherein the at least one 
non-transitory computer readable medium is config­
ured to: when the computing device display interface 
changes from a configuration whereby the geometric 
blocks of digital ink fit in horizontal adjacency within 
the horizontal dimension of the display interface to 10 

another configuration of reduced horizontal dimension, 
the reduced horizontal dimension being less than a 
cumulative horizontal geometric block dimension of 
the geometric blocks, cause moving of said one or more 
geometric blocks relatively to said others of geometric 15 

blocks while otherwise maintaining the layout of the 
said others of geometric blocks. 

2. The system of claim 1, wherein each geometric block 
of digital ink is configured to be interactive, the at least one 
non-transitory computer readable medium configured to 20 

cause change in the layout display in response to receiving 
interaction with the geometric blocks. 

3. The system of claim 1, wherein the configuration of the 
computing device display interface includes a first aspect 
view at a first orientation computing device and a second 25 

aspect view at a second orientation of the computing device, 
the at least one non-transitory computer readable medium 
configured to cause change in the layout display in response 
to aspect view changes of the display interface. 

4. The system of claim 3, wherein the first aspect view is 30 

portrait and the second aspect view is landscape. 
5. The system of claim 1, wherein the configuration of 

each computing device display interface is defined by hori­
zontal and vertical dimensions of that display interface, the 
at least one non-transitory computer readable medium con- 35 

figured to cause change in the layout display in response to 
display on computing devices having display interfaces of 
different horizontal and/or vertical dimensions. 

6. The system of claim 1, wherein the display interface is 
scrollable. 

7. A method for digital note taking on computing devices, 
each computing device comprising a processor and at least 
one non-transitory computer readable medium for recogniz-
ing handwriting note taking input under control of the 
processor, the method comprising: 

causing, with the at least one non-transitory computer 
readable medium, display of, on a display interface of 

40 

45 

32 
non-transitory computer readable medium configured to 
cause change in the layout display in response to receiving 
interaction with the geometric blocks. 

9. The method of claim 7, wherein the configuration of the 
computing device display interface includes a first aspect 
view at a first orientation computing device and a second 
aspect view at a second orientation of the computing device, 
the method causing, with the at least one non-transitory 
computer readable medium, change in the layout display in 
response to aspect view changes of the display interface. 

10. The method of claim 9, wherein the first aspect view 
is portrait and the second aspect view is landscape. 

11. The method of claim 7, wherein the configuration of 
each computing device display interface is defined by hori­
zontal and vertical dimensions of that display interface, the 
method causing, with the at least one non-transitory com­
puter readable medium, change in the layout display in 
response to display on computing devices having display 
interfaces of different horizontal and/or vertical dimensions. 

12. The method of claim 7, wherein the display interface 
is scrollable. 

13. A non-transitory computer readable medium having a 
computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 
implement a method for recognizing input of handwriting 
note taking to a computing device, the computing device 
comprising a processor and at least one system non-transi­
tory computer readable medium for recognizing the input 
under control of the processor, the method comprising: 

causing, with the at least one system non-transitory com-
puter readable medium, display of, on a display inter­
face of a computing device, digital ink in a block layout 
in accordance with a layout of geometric blocks of the 
handwriting input and a configuration of the computing 
device display interface, said configuration of the com-
puting device being defined by horizontal and vertical 
dimensions of the display interface, and wherein the at 
least one non-transitory computer readable medium is 
configured to: when the computing device display 
interface changes from a configuration whereby the 
geometric blocks of digital ink fit in horizontal adja­
cency within the horizontal dimension of the display 
interface to another configuration of reduced horizontal 
dimension, the reduced horizontal dimension being less 
than a cumulative horizontal geometric block dimen-
sion of the geometric blocks, cause moving of said one 
or more geometric blocks relatively to said others of 
geometric blocks while otherwise maintaining the lay­
out of the said others of geometric blocks. 

14. The non-transitory computer readable medium of 
claim 13, wherein each geometric block of digital ink is 
configured to be interactive, the at least one non-transitory 
computer readable medium configured to cause change in 

a computing device, digital ink in a block layout in 
accordance with a layout of geometric blocks of the 
handwriting input and a configuration of the computing 50 

device display interface, said configuration of the com­
puting device being defined by horizontal and vertical 
dimensions of the display interface, and wherein the at 
least one non-transitory computer readable medium is 
configured to: when the computing device display 
interface changes from a configuration whereby the 
geometric blocks of digital ink fit in horizontal adja­
cency within the horizontal dimension of the display 
interface to another configuration of reduced horizontal 
dimension, the reduced horizontal dimension being less 
than a cumulative horizontal geometric block dimen­
sion of the geometric blocks, cause moving of said one 

55 the layout display in response to receiving interaction with 
the geometric blocks. 

or more geometric blocks relatively to said others of 
geometric blocks while otherwise maintaining the lay­
out of the said others of geometric blocks. 

8. The method of claim 7, wherein each geometric block 
of digital ink is configured to be interactive, the at least one 

15. The non-transitory computer readable medium of 
claim 13, wherein the configuration of the computing device 
display interface includes a first aspect view at a first 

60 orientation computing device and a second aspect view at a 
second orientation of the computing device, the method 
causing, with the at least one system non-transitory com­
puter readable medium, change in the layout display in 

65 

response to aspect view changes of the display interface. 
16. The non-transitory computer readable medium of 

claim 15, wherein the first aspect view is portrait and the 
second aspect view is landscape. 
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17. The non-transitory computer readable medium of 
claim 13, wherein the configuration of each computing 
device display interface is defined by horizontal and vertical 
dimensions of that display interface, the method causing, 
with the at least one system non-transitory computer read­
able medium, change in the layout display in response to 
display on computing devices having display interfaces of 
different horizontal and/or vertical dimensions. 

18. The non-transitory computer readable medium of 
claim 13, wherein the display interface is scrollable. 10 

* * * * * 
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(57) ABSTRACT 

A system, method and computer program product for use in 
providing interactive ink from handwriting input to a com­
puting device are provided. The computing device is con­
nected to an input device in the form of an input surface. A 
user is able to provide input by applying pressure to or 
gesturing above the input surface using either his or her 
finger or an instrument such as a stylus or pen. The present 
system and method monitors the input strokes. The com­
puting device further has a processor and an ink manage­
ment system for recognizing the handwriting input under 
control of the processor. The ink management system is 
configured to cause display of, on a display interface of a 
computing device, first digital ink in accordance with first 
handwriting input, allocate references to ink elements of the 
first digital ink, map the references to corresponding recog­
nized elements of the first handwriting input, and determine 
and store, in the memory of a computing device, ink objects 
including the references and mapped recognized elements. 

18 Claims, 11 Drawing Sheets 
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With the help of appropriate software, the stylus can 
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That's what we show with our new note taking 
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SYSTEM AND METHOD FOR DIGITAL INK 
INTERACTIVITY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to European Application 
No. 16290002.1 filed on Jan. 7, 2016, the entire contents of 
which are incorporated by reference herein. 

TECHNICAL FIELD 

The present description relates generally to the field of ink 
management systems and methods using computing devices. 
The present description relates more specifically to manag­
ing ink which is handwritten to computing devices interfaces 
to provide interactivity of the ink. 

BACKGROUND 

Computing devices continue to become more ubiquitous 
to daily life. They take the form of computer desktops, 
laptop computers, tablet computers, hybrid computers (2-in-
1 s), e-book readers, mobile phones, smartphones, wearable 
computers (including smartwatches, smart glasses/head­
sets), global positioning system (GPS) units, enterprise 
digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 
being incorporated into vehicles and equipment, such as 
cars, trucks, farm equipment, manufacturing equipment, 
building environment control (e.g., lighting, HVAC), and 
home and commercial appliances. 

2 
primarily been recognition accuracy rather than document 
creation. That is, available applications provide recognition 
of handwriting and conversion of the recognized handwrit­
ing into digital content, rendered as fontified or 'typeset ink', 
with various feedback mechanisms to the user, but that is 
generally the extent of the interaction available for the input. 

If the user desires any further interaction with the output 
text, such as editing the content, manipulating the layout of 
content, or converting or adding the notes or other annota-

10 tions into a document, the recognized handwriting content 
generally needs to be imported or otherwise integrated into 
a separate document processing application. This may be 
done automatically though the typesetting of the recognized 
handwriting into suitable typeset ink of suitable format or 

15 manually through redundant typing input of the handwriting, 
for example. The latter manual process is inherently counter­
productive and is particularly performed when the perceived 
accuracy of the handwriting recognition is low, or the ability 
of the application to preserve the layout of the original 

20 handwriting is unreliable. The former automatic process 
itself does not present a great problem, however as the 
original layout of the handwriting and the actual input 
handwriting itself, the digital ink, is typically discarded in 
the import process, the user must refer back to the original 

25 handwriting in order to ascertain the original intent. For 
example, the user may have emphasized certain words or 
passages either by annotation or decoration, or through the 
layout of the content itself. 

Some available digital handwriting applications provide 
30 the ability to edit the digital ink. However, this is generally 

done through the input of particular gestures for causing 
some sort of control, e.g., the launching of menus or running 
processes. The Applicant has found that when using hand­
writing applications users generally are unable or do not 

Computing devices generally consist of at least one 
processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 
variety of computing devices and their subsequent uses 
necessitate a variety of interfaces and input devices. One 
such input device is a touch sensitive surface such as a touch 
screen or touch pad wherein user input is received through 
contact between the user's finger or an instrument such as a 
pen or stylus and the touch sensitive surface. Another input 
device is an input surface that senses gestures made by a user 
above the input surface. A further input device is a position 
detection system which detects the relative position of either 
touch or non-touch interactions with a non-touch physical or 45 

virtual surface. Any of these methods of input can be used 
generally for drawing or inputting text. The user's hand­
writing is interpreted using a handwriting recognition sys­
tem or method. 

35 desire to learn specific gestures that are not natural or 
intuitive, or to make editing selections through menus and 
the like. Further, the requirement for particular learned 
methods to provide digital ink editing limits the usability of 
such applications, and digital handwriting more generally, as 

40 all users must learn the necessary behaviors for digital ink 
interaction. 

Accordingly, in sharing or collaborative uses in which 
documents are created, edited, revised, reviewed, etc. by 
multiple parties, in particular parties from different areas or 
disciplines within enterprise organizations, for example, the 
ability of different 'team' members to interact with a digital 
document using handwriting varies such that the productiv­
ity possible is limited. For example, a member of upper 
management in the organization hierarchy may have limited 

There are many applications of handwriting recognition in 
portable computing devices, such as smartphones, phablets 
and tablets, such as is in note taking, document annotation, 
mathematical equation input and calculation, music symbol 
input, sketching and drawing, etc. Handwriting may also be 
input to non-portable computing devices, particularly with 
the increasing availability of touchscreen monitors for desk­
top computers and interactive whiteboards. These types of 
input are usually performed by the user launching a hand­
writing input application on the computing device which 
accepts and interprets, either locally in the device or 
remotely via a communications link of the device, hand­
written input on the touch sensitive surface and displays or 
otherwise renders this input as so-called 'digital ink'. Con­
ventionally such handwriting input applications are limited 

50 experience with digital handwriting and therefore may not 
interact with documents using handwriting. Similar prob­
lems occur with non-handwriting tools conventionally used 
with document processing applications such as hardware 
tools, e.g., keyboard and mouse, and/or software tools, e.g., 

55 user interface (UI) tools and menus. 
Further, the need to use specific UI and/or hardware tools 

for editing or other interactions with content created using 
digital handwriting, may cause disruption to the creative 
flow of users. As such, the manner of interaction with the 

60 content should be easy to use, intuitive and non-disruptive to 
the input of the content itself. 

SUMMARY 

in their capabilities to provide a full document creation 65 

experience to users from the text and non-text (e.g., draw­
ings, equations), since the focus of these applications has 

The examples of the present invention that are described 
herein below provide systems and methods for providing 
interactive ink on computing devices. 
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In one example, the computing device may include a 
processor and at least one non-transitory computer readable 
medium for recognizing handwriting input under control of 
the processor. The non-transitory computer readable 
medium may be configured to cause display of, on a display 
interface of a computing device, first digital ink in accor­
dance with first handwriting input, allocate references to ink 
elements of the first digital ink, map the references to 
corresponding recognized elements of the first handwriting 
input, and determine and store, in the memory of a com- 10 

puting device, ink objects including the references and 
mapped recognized elements. 

The ink elements may be at least part of strokes of the first 
digital ink and the recognized elements may include at least 15 
part of strokes of the first handwriting input. Further, the 
recognized elements may be recognition candidates of the 
first handwriting input. 

The at least one non-transitory computer readable 
medium may be further configured to determine content of 20 

second handwriting input by referring to the ink objects, and 
cause display of, on the display interface, second digital ink 

4 
part of strokes of the first handwriting input. Further, the 
recognized elements may be recognition candidates of the 
first handwriting input. 

The method may further include the steps of determining 
content of second handwriting input by referring to the ink 
objects, and displaying, on the display interface, second 
digital ink in accordance with the determined content of the 
second handwriting input. The second digital ink may be an 
edited version of at least part of the first digital ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present system and method will be more fully under­
stood from the following detailed description of the 
examples thereof, taken together with the drawings. In the 
drawings like reference numerals depict like elements. In the 
drawings: 

FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system and 
method; 

FIG. 2 shows a block diagram of a system for handwriting 
recognition in accordance with an example of the present 
system and method; in accordance with the determined content of the second 

handwriting input. The second digital ink may be an edited 
version of at least part of the first digital ink. 

FIG. 3 shows a block diagram illustrating detail of the 
25 handwriting recognition system of FIG. 2 in accordance 

with an example of the present system and method; In another example, the present invention includes a 
method for providing interactive ink on computing devices. 
Each computing device may comprise a processor and at 
least one non-transitory computer readable medium for 
recognizing handwriting input under control of the proces- 30 

sor. The method includes the steps of displaying, on a 
display interface of a computing device, first digital ink in 
accordance with first handwriting input, allocating refer­
ences to ink elements of the first digital ink, map the 
references to corresponding recognized elements of the first 35 

handwriting input, and determining and storing, in the 
memory of a computing device, ink objects including the 
references and mapped recognized elements. 

The ink elements may be at least part of strokes of the first 
digital ink and the recognized elements may include at least 40 

part of strokes of the first handwriting input. Further, the 
recognized elements may be recognition candidates of the 
first handwriting input. 

The method may further include the steps of determining 
content of second handwriting input by referring to the ink 45 

objects, and displaying, on the display interface, second 
digital ink in accordance with the determined content of the 
second handwriting input. The second digital ink may be an 
edited version of at least part of the first digital ink. 

In another example, the present invention includes a 50 

non-transitory computer readable medium having a com­
puter readable program code embodied therein. The com­
puter readable program code may be adapted to be executed 
to implement a method for providing interactive ink to a 
computing device. The computing device may comprise a 55 

processor and at least one system non-transitory computer 
readable medium for recognizing the handwriting input 
under control of the processor. The method may include the 
steps of displaying, on a display interface of a computing 
device, first digital ink in accordance with first handwriting 60 

input, allocating references to ink elements of the first digital 
ink, map the references to corresponding recognized ele­
ments of the first handwriting input, and determining and 
storing, in the memory of a computing device, ink objects 
including the references and mapped recognized elements. 65 

The ink elements may be at least part of strokes of the first 
digital ink and the recognized elements may include at least 

FIG. 4 shows a schematic view of an example visual 
rendering of an ink input area on a portion of an input 
surface of the computing device; 

FIG. 5 shows example handwritten content input to the 
input area rendered as digital ink; 

FIG. 6 shows the result of typesetting the handwritten 
content of FIG. 5; 

FIG. 7 shows the content of FIG. 5 with an example group 
of handwritten strokes highlighted; 

FIG. 8 shows the content of FIG. 5 with an example group 
of partial handwritten strokes highlighted; 

FIG. 9 shows the content of FIG. 5 with an example group 
of partial handwritten strokes highlighted; 

FIG. 10 shows example handwritten content input to the 
input area rendered as digital ink; 

FIG. llA shows the handwritten input of FIG. 10 with a 
representation of an example reference segmentation; 

FIG. 11B shows the reference segmentation isolated from 
the digital ink of the handwritten input; 

FIG. 12A shows the handwritten input of FIG. 10 with a 
representation of an example recognition; 

FIG. 12B shows the handwritten input of FIG. 10 with 
representations of several example segmentations of the 
recognition; 

FIG. 13A shows the digital ink of FIG. 10 with an 
example input editing gesture; 

FIG. 13B shows an example adjustment of the digital ink 
based on the editing gesture of FIG. 13A; 

FIG. 13C shows the adjusted digital ink with an example 
adjusted recognition with representations of adjusted 
example segmentations; 

FIG. 14A shows the digital ink of FIG. 10 with an 
example input editing gesture; 

FIG. 14B shows an example adjustment of the digital ink 
based on the editing gesture of FIG. 14A; 

FIG. 14C shows the adjusted digital ink with new 
example handwritten content input to the input area rendered 
as new digital ink; 

FIG. 14D shows adjusted and new digital ink with an 
example adjusted recognition with representations of 
adjusted example segmentations; 
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FIG. 15A shows the digital ink of FIG. 5 with an example 
content portion highlighted as selected; and 

FIG. 15B shows the typeset ink of FIG. 6 with an example 
content portion highlighted as selected. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 
present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo­
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid unnecessarily 
obscuring aspects of the present teachings. 

The use of the term 'text' in the present description is 
understood as encompassing all alphanumeric characters, 
and strings thereof, in any written language and common 
place non-alphanumeric characters, e.g., symbols, used in 
written text. Further, the term 'non-text' in the present 
description is understood as encompassing freeform hand­
written or hand-drawn content and rendered text and image 
data, as well as non-alphanumeric characters, and strings 
thereof, and alphanumeric characters, and strings thereof, 
which are used in non-text contexts. Furthermore, the 
examples shown in these drawings are in a left-to-right 
written language context, and therefore any reference to 
positions can be adapted for written languages having dif­
ferent directional formats. 

6 
and outputs, such as connectors, lines, buses, cables, buffers, 
electromagnetic links, networks, modems, transducers, IR 
ports, antennas, or others known to those of ordinary skill in 
the art. 

The illustrated example of the computing device 100 has 
at least one display 102 for outputting data from the com­
puting device such as images, text, and video. The display 
102 may use LCD, plasma, LED, iOLED, CRT, or any other 
appropriate technology that is or is not touch sensitive as 

10 known to those of ordinary skill in the art. At least some of 
the display 102 is co-located with at least one input surface 
104. The input surface 104 may employ technology such as 
resistive, surface acoustic wave, capacitive, infrared grid, 
infrared acrylic projection, optical imaging, dispersive sig-

15 nal technology, acoustic pulse recognition, or any other 
appropriate technology as known to those of ordinary skill 
in the art to receive user input. The input surface 104 may 
be bounded by a permanent or video-generated border that 
clearly identifies its boundaries. Instead of, or additional to, 

20 an on-board display, the computing device 100 may have a 
projected display capability. 

The computing device 100 may include one or more 
additional I/O devices (or peripherals) that are communica­
tively coupled via a local interface. The additional I/O 

25 devices may include input devices such as a keyboard, 
mouse, scanner, microphone, touchpads, bar code readers, 
laser readers, radio-frequency device readers, or any other 
appropriate technology known to those of ordinary skill in 
the art. Further, the I/O devices may include output devices 

30 such as a printer, bar code printers, or any other appropriate 
technology known to those of ordinary skill in the art. 
Furthermore, the I/O devices may include communications 
devices that communicate both inputs and outputs such as a 
modulator/demodulator (modem; for accessing another 

The various technologies described herein generally 
relate to capture, processing and management of hand­
drawn and handwritten content on portable and non-portable 
computing devices in a manner which retains the inputted 
style of the content while allowing conversion to a faithful 
typeset or beautified version of that content. The systems 
and methods described herein may utilize recognition of 
users' natural writing and drawing styles input to a com­
puting device via an input surface, such as a touch sensitive 
screen, connected to, or of, the computing device or via an 
input device, such as a digital pen or mouse, connected to the 
computing device or via a physical or virtual surface moni­
tored by a position detection system. Whilst the various 
examples are described with respect to recognition of hand­
writing input using so-called online recognition techniques, 45 

it is understood that application is possible to other forms of 
input for recognition, such as oflline recognition in which 
images rather than digital ink are recognized. The terms 
hand-drawing and handwriting are used interchangeably 
herein to define the creation of digital content by users 
through use of their hands either directly onto a digital or 
digitally connected medium or via an input tool, such as a 
hand-held stylus. The term "hand" is used herein to provide 
concise description of the input techniques, however the use 

35 device, system, or network), a radio frequency (RF) or other 
transceiver, a telephonic interface, a bridge, a router, or any 
other appropriate technology known to those of ordinary 
skill in the art. The local interface may have additional 
elements to enable communications, such as controllers, 

40 buffers (caches), drivers, repeaters, and receivers, which are 
omitted for simplicity but known to those of skill in the art. 
Further, the local interface may include address, control, 
and/or data connections to enable appropriate communica-
tions among the other computer components. 

The computing device 100 also includes a processor 106, 
which is a hardware device for executing software, particu­
larly software stored in the memory 108. The processor can 
be any custom made or commercially available general 
purpose processor, a central processing unit (CPU), com-

50 mercially available microprocessors including a semicon­
ductor based microprocessor (in the form of a microchip or 
chipset), microcontroller, digital signal processor (DSP), 
application specific integrated circuit (ASIC), field program­
mable gate array (FPGA) or other programmable logic 

of other parts of a users' body for similar input is included 
in this definition, such as foot, mouth and eye. 

FIG. 1 shows a block diagram of an example computing 
device 100. The computing device may be a computer 
desktop, laptop computer, tablet computer, hybrid comput­
ers (2-in-ls), e-book reader, mobile phone, smartphone, 
wearable computer, digital watch, interactive whiteboard, 
global positioning system (GPS) unit, enterprise digital 
assistant (EDA), personal digital assistant (PDA), game 
console, or the like. The computing device 100 includes 
components of at least one processing element, some form 
of memory and input and/or output (I/O) devices. The 
components communicate with each other through inputs 

55 device, discrete gate or transistor logic, discrete hardware 
components, state machine, or any combination thereof 
designed for executing software instructions known to those 
of ordinary skill in the art. 

The memory 108 can include any one or a combination of 
60 volatile memory elements ( e.g., random access memory 

(RAM, such as DRAM, SRAM, or SD RAM)) and nonvola­
tile memory elements (e.g., ROM, EPROM, flash PROM, 
EEPROM, hard drive, magnetic or optical tape, memory 
registers, CD-ROM, WORM, DVD, redundant array of 

65 inexpensive disks (RAID), another direct access storage 
device (DASD), or any other magnetic, resistive or phase­
change nonvolatile memory). Moreover, the memory 108 
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may incorporate electronic, magnetic, optical, and/or other 
types of storage media. The memory 108 can have a 
distributed architecture where various components are situ­
ated remote from one another but can also be accessed by the 
processor 106. Further, the memory 108 may be remote from 
the device, such as at a server or cloud-based system, which 
is remotely accessible by the computing device 100. The 
memory 108 is coupled to the processor 106, so the proces­
sor 106 can read information from and write information to 
the memory 108. In the alternative, the memory 108 may be 10 

integral to the processor 106. In another example, the 
processor 106 and the memory 108 may both reside in a 
single ASIC or other integrated circuit. 

The software in the memory 108 includes an operating 
system 110 and an ink management system 112. The ink 15 

management system 112 optionally further includes a hand­
writing recognition (HWR) system 114 which may each 
include one or more separate computer programs. Each of 
these has an ordered listing of executable instructions for 
implementing logical functions. The operating system 110 20 

controls the execution of the ink manager 112 ( and the HWR 
system 114). The operating system 110 may be any propri­
etary operating system or a commercially or freely available 
operating system, such as WEBOS, WINDOWS®, MAC 
and !PHONE OS®, LINUX, and ANDROID. It is under- 25 

stood that other operating systems may also be utilized. 
Alternatively, the ink management system 112 of the present 
system and method may be provided without use of an 
operating system. 

The ink manager 112 includes one or more processing 30 

elements related to detection, management and treatment of 
user input (discussed in detail later). The software may also 
include one or more other applications related to handwrit-
ing recognition, different functions, or both. Some examples 
of other applications include a text editor, telephone dialer, 35 

contacts directory, instant messaging facility, computer­
aided design (CAD) program, email program, word process-
ing program, web browser, and camera. The ink manager 
112, and the other applications, include program(s) provided 
with the computing device 100 upon manufacture and may 40 

further include programs uploaded or downloaded into the 
computing device 100 after manufacture. 

The HWR system 114, with support and compliance 
capabilities, may be a source program, executable program 

8 
being incorporated in the ink manager 112, however it is 
possible the HWR system 114 is separate from and con­
nected to the ink manager 112 either within the computing 
device 100 or remotely. Further still, the ink manager 112 
and/or the HWR system 114 may be integrated within the 
operating system 110. 

Strokes entered on or via the input surface 104 are 
processed by the processor 106 as digital ink. Users may 
enter a stroke with a finger or some instrument such as a pen 
or stylus suitable for use with the input surface. The user 
may also enter a stroke by making a gesture above the input 
surface 104 if technology that senses or images motion in the 
vicinity of the input surface 104 is being used, or with a 
peripheral device of the computing device 100, such as a 
mouse or joystick, or with a projected interface, e.g., image 
processing of a passive plane surface to determine the stroke 
and gesture signals. A stroke is characterized by at least the 
stroke initiation location, the stroke termination location, 
and the path connecting the stroke initiation and termination 
locations. Further information such as timing, pressure, 
angle at a number of sample points along the path may also 
be captured to provide deeper detail of the strokes. Because 
different users may naturally write the same object, e.g., a 
letter, a shape, a symbol, with slight variations, the HWR 
system accommodates a variety of ways in which each 
object may be entered whilst being recognized as the correct 
or intended object. 

FIG. 2 is a schematic pictorial of an example of the HWR 
system 114, in either its local (i.e., loaded on the device 100) 
or remote (i.e., remotely accessible by the device 100) 
forms. The HWR system 114 includes stages such as pre-
processing 116, recognition 118 and output 120. The pre­
processing stage 116 processes the digital ink to achieve 
greater accuracy and reducing processing time during the 
recognition stage 118. This preprocessing may include nor­
malizing of the path connecting the stroke initiation and 
termination locations by applying size normalization and/or 
methods such as B-spline approximation to smooth the 
input. The preprocessed strokes are then passed to the 
recognition stage 118 which processes the strokes to recog­
nize the objects formed thereby. The recognized objects are 
then output 120 to the display 102 generally as a typesetted 
version of the handwritten elements/characters. 

The recognition stage 118 may include different process­
ing elements or experts. FIG. 3 is a schematic pictorial of the 
example of FIG. 2 showing schematic detail of the recog­
nition stage 118. Three experts, a segmentation expert 122, 
a recognition expert 124, and a language expert 126, are 
illustrated which collaborate through dynamic prograniming 
to generate the output 120. 

The segmentation expert 122 defines the different ways to 
segment the input strokes into individual element hypoth­
eses, e.g., alphanumeric characters and mathematical opera­
tors, text characters, individual shapes, or sub expression, in 
order to form expressions, e.g., words, mathematical equa­
tions, or groups of shapes. For example, the segmentation 
expert 122 may form the element hypotheses by grouping 
consecutive strokes of the original input to obtain a seg­
mentation graph where each node corresponds to at least one 

( object code), script, application, or any other entity having 45 

a set of instructions to be performed. When a source pro­
gram, the program needs to be translated via a compiler, 
assembler, interpreter, or the like, which may or may not be 
included within the memory, so as to operate properly in 
connection with the operating system. Furthermore, the 50 

handwriting recognition system with support and compli­
ance capabilities can be written as (a) an object oriented 
programming language, which has classes of data and meth­
ods; (b) a procedure programming language, which has 
routines, subroutines, and/or functions, for example but not 55 

limited to C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
Objective C, Swift, and Ada; or ( c) functional prograniming 
languages for example but no limited to Hope, Rex, Com­
mon Lisp, Scheme, Clojure, Racket, Erlang, OCaml, 
Haskell, Prolog, and F#. 

Alternatively, the HWR system 114 may be a method or 
system for communication with a handwriting recognition 
system remote from the device, such as server or cloud­
based system, but is remotely accessible by the computing 
device 100 through communications links using the afore- 65 

mentioned communications I/O devices of the computing 
device 100. In FIG. 1, the HWR system 114 is shown as 

60 element hypothesis and where adjacency constraints 
between elements are handled by the node connections. 
Alternatively, the segmentation expert 122 may employ 
separate experts for different input types, such as text, 
drawings, equations, and music notation. 

The recognition expert 124 provides classification of the 
features extracted by a classifier 128 and outputs a list of 
element candidates with probabilities or recognition scores 
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for each node of the segmentation graph. Many types of 
classifiers exist that could be used to address this recognition 
task, e.g., Support Vector Machines, Hidden Markov Mod­
els, or Neural Networks such as Multilayer Perceptrons, 
Deep, Convolutional or Recurrent Neural Networks. The 
choice depends on the complexity, accuracy, and speed 
desired for the task. 

The language expert 126 generates linguistic meaning for 
the different paths in the segmentation graph using language 
models ( e.g., grammar or semantics). The expert 126 checks 
the candidates suggested by the other experts according to 
linguistic information 130. The linguistic information 130 
can include a lexicon, regular expressions, etc. and is the 
storage for all static data used by the language expert 126 to 
execute a language model. A language model can rely on 
statistical information on a given language. The linguistic 
information 130 is computed off-line, with or without adap­
tion according to the results of recognition and user inter­
actions, and provided to the linguistic expert 126. The 
language expert 126 aims at finding the best recognition 
path. In one example, the language expert 126 does this by 
exploring a language model such as finite state automaton 
(FSA) representing the content of linguistic information 
130. In addition to the lexicon constraint, the language 
expert 126 may use a language model with statistical infor­
mation modeling for how frequent a given sequence of 
elements appears in the specified language or is used by a 
specific user to evaluate the linguistic likelihood of the 
interpretation of a given path of the segmentation graph. 

10 
pattern is described in United States Patent Application 
Publication No. 2017/0060819 titled "System and Method 
of Digital Note Taking" filed in the name of the present 
Applicant and Assignee, the entire content of which is 
incorporated by reference herein. 

The input of handwritten content onto the input area 400 
is performed through the use of gestures in relation to the 
input surface 104, e.g., through touch, force and/or proxim­
ity depending on the screen technology of the device 100. 

10 Gesture detection may be handled differently depending on 
the ability of the computing device 100 to differentiate a 
users' finger from a stylus or pen (by which the device 
defines passive and active styli) or the ability of a stylus to 
indicate or communicate to the device that it is being used 

15 for handwriting or the ability of users to provide such an 
indication. By default, and in devices which do not differ­
entiate, any single-point touch or hover event within the 
input area 400 is to be considered as content input or content 
interaction. The present system and method through the 

20 HWR system 114 also provides a mechanism to digitize or 
convert the handwritten input through the typesetting or 
fontification of the digital ink into typeset ink. This function 
is particularly provided to allow the creation of at least 
near-final documents for communication and sharing, e.g., 

25 conversion of a handwritten note which has been edited and 
formatted in digital ink into a typeset document which could 
have been produced using keyboard (and associated gestur­
ing devices) alone. 

The present system and method make use of the HWR 30 

system 114 in order to recognize handwritten input to the 
device 100. The ink management system 112 includes 
application(s) for handling the layout of the recognized user 
input. Such applications may be provided in an architecture 
with separate layers for handling different processing. One 35 

or more of these layers may be remote to the device 100 
accessible via the communications channels mentioned ear­
lier. The layers may include application wrapper(s), platform 
wrapper(s) and (platform specific) application user interface 

The handwritten input is detected by the ink management 
system 112 and rendered as digital ink on the surface 104 ( or 
other display) as the input is received and is concurrently 
recognized by the HWR system 114 providing so-called 
'on-the-fly' or incremental handwriting recognition. Incre­
mental recognition is generally performed by parsing the 
(preprocessed) strokes to the recognizer as they are received 
and the recognizer processing groups of the strokes to output 
recognition results, even as input continues, where the 
results may be substantially immediately provided in the 
form of typesetting of the digital ink or displayed recogni-

(s). 40 tion candidates, or merely stored by the ink management 
system 112 for later use, e.g., by using the memory 108 of 
the device 100. Re-recognition may occur upon the input of 
further strokes that relate to earlier input strokes in a spatial 

The ink management system 112 of the present system 
and method allows users to use natural writing to input 
content and to interact with the content to produce digital 
documents in sharable format on their portable or non­
portable computing devices using natural and intuitive 45 

operations, such as gestures. Any person able to write is 
familiar with using handwriting to create and edit content. 
Any digital device user is already accustomed to gesturing 

manner, such as diacritics. Alternatively, or additionally, 
handwriting recognition may be performed as a batch pro­
cess, rather than incrementally. In such an example, display 
of the digital ink and the typeset ink may occur during input 
at specified times, e.g., system and/or user specified, or may 
occur at a time after input on the same or different device, 
for example. 

on screen to write or edit content. Gesturing is a natural and 
intuitive pattern on touch and hover devices. These and other 50 

features of the present system and method are now described FIG. 5 shows one (or two) multi-line paragraph(s) 500 
input as handwritten content to the input area 400 generally 
on the lines of the line pattern 410 and rendered as digital ink 
on the interface surface of the device, for example. FIG. 6 

in detail. 
FIG. 4 shows a schematic view of an example visual 

rendering of an ink input or capture area 400 on a portion of 
the input surface 104 of an example computing device 100. 
The input area 400 is provided as a constraint-free canvas 
that allows users to create object blocks (blocks of text, 
drawings, etc.) anywhere without worrying about sizing or 
aligmnent. However, as can be seen an alignment structure 
in the form of a line pattern background 410 can be provided 
for guidance of user input and the aligmnent of digital and 
typeset ink objects. In any case, as users may input hand­
writing that is not closely aligned to the line pattern, or may 
desire to ignore the line pattern and write in a unconstrained 
manner, such as diagonally or haphazardly, the recognition 
of the handwriting input is performed by the HWR system 
114 without regard to the line pattern. An example alignment 

55 shows the result of typesetting the paragraph(s) 500 into a 
typeset paragraph(s) 600. 

The ink management system 112 of the present system 
and method manages the handwritten input and digital ink 
representation thereof in a manner which is similar to the 

60 management of digital content, such as typed ink, conven­
tionally employed by the operating system 110 and the 
components and applications thereof. That is, if the content 
600 was input to the computing device 100 by typing using 
keyboard rather than handwritten, the keyboard or typing 

65 decoder of the computing device 100, e.g., provided as an 
application in the memory 108, as part of the operation 
system 110, or in the present system and method as part of 
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the ink management system 112, would interpret and encode 
each element of the content, being the paragraph 600 itself, 
the sentences contained in the paragraph, the words and 
symbols ( e.g., grammatical marks, such as periods, commas) 
contained in the sentences and the characters or letters 
contained in the words, in the digital content. Similar 
management also applies if the content 600 was input via 
other means, such as optical character recognition (OCR) 
from digital or non-digital (e.g., paper ink) handwriting. 
This digital content is handled by the computing device 100 10 

in a well understood mamier, with each digital character 
treated as a digital object. In this way, functions such as 
input or editing cursor placement for interaction with the 
digital content can be made in relation to each digital object. 

However, unlike the decoding process for typed input in 15 

which keystrokes on a keyboard are directly interpreted into 
'digital objects' (e.g., the typed letter "a" as depicted in this 
text is a digital object), the recognition process for hand­
writing input generally takes a probabilistic approach to 
interpreting hand-drawn strokes on or to the interface sur- 20 

face to find the most probable candidates for characters. 
Conventional digital handwriting systems and methods 
using such probabilities generally provide the highest prob­
ability character and word candidates as recognized content, 
such that upon typesetting the recognized content is con- 25 

verted to the digital content at which time the recognized 
content, and as such the recognition result, is discarded. Any 
recognition errors can then be corrected through interaction 
with the digital content using the conventional digital con­
tent management techniques described above. The number 30 

of such errors carried through with the typeset conversion 
can be minimized through certain feedback mechanisms 
during input, such as display of candidate lists, auto-correc­
tion based on the language model(s ), or use of substantially 
real-time recognition result display, such as described in 35 

United States Patent Application Publication No. 2017 I 
0060406 titled "System and Method of Guiding Handwrit-

12 
digital ink forms 'ink objects'. Each ink object has metadata 
including information similar to that of the digital objects 
but also further information related to the recognition pro­
cessing. An example reference system and method is now 
described with reference to FIGS. 5 and 7 to 12. 

In FIG. 5, the paragraph(s) 500 is the digital ink repre­
sentation of the underlying raw ink input of a paragraph(s) 
of handwritten text. The raw ink includes a number of ink 
strokes written in temporal and spatial order. In the context 
of the left-to-right and top-to-bottom language depicted in 
the example of FIG. 5, the first stroke is stroke 501 (repre-
sented as the digital ink character 'W') at the beginning of 
the paragraph 500 and the final stroke is stroke 502 (repre-
sented as the digital ink character ".") at the end of the 
paragraph 500. As the ink input is received, the present 
system and method sequentially indexes each element of the 
input, such as the strokes characterized by the ink between 
each detected subsequent stroke initiation (or 'pen down') 
and termination (or 'pen up') locations, in time order, by 
allocating a reference to each element and its features, for 
example. 

For example, for the paragraph 500, the stroke 501 may 
be indexed as stroke [OJ (zero) and the stroke 502 may be 
indexed as stroke [244J. The indexation in time order means 
that strokes that are positionally out of order, such as 
diacritics, strokes added later, etc., have later indexing than 
proximate strokes, e.g., stroke 503 (represented as the digital 
ink character "i" without the dot "·") may be indexed as 
stroke [lJ (one) and stroke 504 (represented as the dot"·") 
may be indexed as stroke [ 4 J as it is written after strokes 505 
and 506, for example. Alternatively or additionally, the 
strokes may be re-indexed to take account of spatial order 
rather than time order. Further, the indexing may occur in 
either or both fashions for bulk input, such as OCR input. 

This stroke index provides a coarse indexation of the 
input which can be used to define features of the input, such 
as character and word boundaries. For example, user inter-

ing Input" filed in the name of the present Applicant and 
Assignee, the entire content of which is incorporated by 
reference herein. 40 action with the digital ink character 501, represented as 

stroke index [OJ, for example, with a gesture on the digital 
ink, such as a single or multi-point gesture (e.g., a tap, long 
press or double tap), may cause selection of the character 

Digital content management only takes account of the 
digital objects through reference to the metadata of the 
digital objects. This metadata provides information on the 
object type, font, styling, relative position, embedded data or 
hyperlinks, etc. of the digital content, but does not provide 45 

any further information such as the word to which each 
character belongs, the context of the character, object can­
didates. Accordingly, any subsequent interaction with the 
digital objects is made independent of the proximate digital 
objects. The handwriting recognition process however pro- 50 

vides a vast amount of information with respect to each 
recognition object, e.g., each recognized character, which 
can be used to guide and augment subsequent interaction 
with the content. The present system and method provide 
ways to leverage this recognition information to provide 55 

levels of interaction with handwritten and digital content 
which enhance creativity, usability and productivity for 
content creation, editing, sharing and collaboration, as 
described below. 

The present system and method references or links the 
'raw' or input ink ( e.g., the handwritten strokes) to the digital 
ink (e.g., the displayed ink). By this link, the relationship 
between the actual input, as recognized by the HWR system 
114, and the displayed input is known by the system, such 
that user interaction with the digital ink, for example, to edit 
the content, is performed in relation to the underlying 
recognition. This 'marrying' of the recognized ink and 

and/or provision of an input cursor at the character bound­
ary, similar to interaction with digital objects. However, 
unlike digital objects, due to the stroke index, this interac-
tion also references the underlying recognition result(s), 
"character[0J", which provides features as discussed in more 
detail later. Briefly here however, the indexing to the stroke 
index, e.g., index [OJ, remains stable even if the stroke is 
transformed, e.g., partially erased, erased, omitted through 
an 'undo' action, fontified or typeset, and any new strokes 
for this transformation are allocated or assigned new stroke 
indices which still internally reference the previous stroke 
index, e.g., index [OJ, thereby retaining the link to the 
recognition results. Further, in FIG. 7 a group of strokes 700 
(represented as the digital ink word "handwriting") of the 
paragraph 500 (highlighted in the display of FIG. 7 for 
illustration purposes) includes the stroke indexes of stroke 

60 [172J to stroke [183], represented as stroke index [172, 183], 
for example. User interaction with the digital ink word 700 
with a gesture on the digital ink, such as a single or 
multi-point gesture (e.g., a tap, long press or double tap), 
anywhere within or near the word 700 may cause selection 

65 of the entire word and/or provision of a cursor at the word 
boundary, similar to interaction with digital objects. How­
ever, unlike digital objects, due to the stroke index, this 
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interaction also relates to the underlying recognition result 
(s), "word[172, 183]", which provides features as discussed 
in more detail later. 

As discussed earlier, in the recognition process the strokes 
are segmented in order to determine probable character 5 

candidates. A similar (or the same or actual) segmentation 
approach is taken by the present system and method to refine 
the indexation of the input. This segmentation involves 
segmenting each indexed stroke into a number of stroke 
segments and indexing each stroke segment at the point 10 

between each stroke segment. For example, the stroke 501 
may be indexed with a series of 50 stroke segments from 
point 0 (zero) to point 50, say, represented as stroke and 
point ("reference") index [0:0, 0:50], for example. The 
position of each point may be set by segmenting the strokes 15 

in a regular mamier, e.g., each stroke segment has the same 
length ( such as number of pixels with respect to the digital 

14 
of 60 stroke segments from point 0 (zero) to point 60, say, 
represented as reference index [9:0, 9:60], for example. The 
character boundary between the characters "h" and "e" may, 
for example, be at point 30, such that the character "h" has 
reference index [9:0, 9:30] and the character "e" has refer­
ence index [9:30, 9:60]. Alternatively, contiguous characters 
may not share indexing, such that index [9:30] is not shared, 
for example. Accordingly, user interaction with the digital 
ink characters 507 with a gesture on the digital ink at or near 
the character boundary may cause provision of a digital 
cursor at the character boundary, such that the cursor is 
provided at the reference index [9:30]. Due to the stroke and 
point index, this interaction also relates to the underlying 
recognition result(s), "characters[9:0, 9:60]", which pro­
vides features as discussed in more detail later. 

The fine indexation of the point index can be used to 
define further features of the input, such as partial strokes. 
For example, in FIG. 8 a group of strokes 800 (represented 

ink representation), in accordance with the stroke charac­
teristics, or in accordance with the device sampling and any 
possible pre-sampling applied by the system. 

In the latter case, the raw input samples (as given by the 
computing or capturing device, as stored in the memory 108 

20 as the digital ink word "application") of the paragraph 500 
has stroke 801 (represented as the digital ink character "a"), 
stroke 802 (represented as the digital ink characters "t" and 
"i" without the bar"-" and dot"-", respectively) and stroke for example) of each input event, such as pen down, pen 

move, direction change, pen up, are used by the ink man­
agement system 112 as a new point or sample in the input 25 

stroke(s ). Further, instead of the raw input samples, smooth-
ing units could be used by the ink management system 112 
in which the raw input samples are processed and output as 

803 (represented as the bar "-"). The stroke 801 may be 
indexed as stroke [158] and with points 0 (zero) to 50, say. 
The stroke 802 may be indexed as stroke [159] and with 

a different number and position of samples. In this case, the 
segmentation regime or segment length itself is immaterial 30 

to the indexing applied, rather it is the 'smoothness' of the 
digital ink as segmented which provides optimized indexing. 

points 0 (zero) to 40, say. The stroke 803 may be indexed as 
stroke [161] and with points 0 (zero) to 14, say (e.g., the 
stroke represented as the following digital ink characters "o" 
and "n" is input before the stroke 802 and therefore provide 
stroke [160]). User interaction with the digital ink word 800 
with a gesture on the digital ink, such as a single or 
multi-point gesture ( e.g., a tap, long press or double tap), at 
parts of the strokes of the digital ink may cause selection of 
only those parts of the strokes. For example, in FIG. 8 
interaction (highlighted in the display of FIG. 8 for illustra­
tion purposes) with parts of the strokes 801 and 802 includes 
the reference index [158:44, 159:20], and with all of the 

It is noted however that such smoothing of the input may 
invalidate biometric processing of the digital ink, such as for 
signature authentication. Further, smoothing suitable for 35 

display may be different from smoothing suitable for rec­
ognition. As such, smoothing may be performed by the ink 
management system 112 itself at different stages than 
smoothing at input and rather than by any processing of the 
device 100 itself. 40 stroke 803 includes the reference index [161:0, 161:14], for 

example. Due to the stroke and point indexes, this selection 
also relates to the underlying recognition result(s) of the 
partial characters, which provides features as discussed in 
more detail later. 

In any case, the number of stroke segments set the number 
of points in each index. As discussed above, user interaction 
with the digital ink character 501 with a gesture on the 
digital ink may cause selection of the character and/or 
provision of a digital cursor at the character boundary, such 45 

that the cursor is provided at the reference or stroke:point 
index [0:50]. Accordingly, the cursor position is defined by 

Further, in FIG. 9 a group of strokes 900 (represented as 
the digital ink words "layout and formatting") of the para­
graph 500 has stroke 901 (represented as the digital ink 
character "y" in the word "layout"), stroke 902 (represented 
as the digital ink character "f' in the word "formatting") and 

i:j, where 'i' is the stroke index and 'j' is the point index. Due 
to the point index, this interaction also relates to the under­
lying recognition result(s), "character[0:0, 0:50]", which 
provides features as discussed in more detail later. 

The point index provides a fine indexation of the input 
which can be used to define further features of the input, 
such as character boundaries within strokes. As can be seen, 
each stroke of the raw (and digital) ink may belong to more 
than one text character ( e.g., stroke 507 is represented as the 
digital ink characters "h" and "e") or be a part of one 
character ( e.g., the strokes 503 and 504 combine to form the 
character "i"). Similar stroke attribution can also occur with 
non-text objects, such as shapes. As discussed above, the 
segmentation process of the recognition system segments 
each stroke into many segmentation possibilities represented 
by the segmentation graph. By this process, the characters 
"h" and "e" of the stroke 507 are correctly recognized, for 
example. The fine indexation of the present system and 
method provides a similar segmentation result. For example, 
the stroke 507 may be indexed as stroke [9] and with a series 

50 stroke 903 (represented as the digital ink characters "n" and 
"g" in the word "formatting"). The stroke 901 may be 
indexed as stroke [215] and with points 0 (zero) to 60, say. 
The stroke 902 may be indexed as stroke [233] and with 
points 0 (zero) to 60, say. The stroke 903 may be indexed as 

55 stroke [243] and with points 0 (zero) to 54, say. User 
interaction with the digital ink 900 with a gesture on the 
digital ink, such as a single or multi-point gesture (e.g., a 
press and swipe), at parts of the strokes of the digital ink may 
cause selection of only those parts of the strokes. For 

60 example, in FIG. 9 interaction (highlighted in the display of 
FIG. 9 for illustration purposes) with part of the stroke 901 
(the descender of"y") includes the reference index [215:36, 
215:48], with part of the stroke 902 (the underwrite or 
descender of "f') includes the reference index [233:35, 

65 233:54] and with part of the stroke 903 (the descender of 
"g") includes the reference index [243:37, 243:54], for 
example. Due to the stroke and point indexes, this selection 
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also relates to the underlying recognition result(s) of the 
partial characters, which provides features as discussed in 
more detail later. 

Further still, increased precision for such user interaction 
can be provided by further segmenting between the points of 

16 
1005 as stroke [4], the stroke 1006 as stroke [5], the stroke 
1007 as stroke [6], the stroke 1008 as stroke [7], and the 
stroke 1009 as stroke [8]. For example, the stroke 1001 is 
long and may therefore be segmented to have 300 points, 
say, such that reference index r1 corresponds to [0:0, 0:35], 
reference index r2 corresponds to [0:35, 0:90], reference 
index r

3 

corresponds to [0:90, 0: 125], reference index r
4 

corresponds to [0: 125, 0: 170], reference index rs corre­
sponds to [0:170, 0:210], reference index r6 corresponds to 

10 [0:210, 0:225], reference index rg corresponds to [0:225, 
0:265], and reference index r9 corresponds to [0:265, 0:300]. 
As described above, extra precision can be provided by also 
referring to sub-points. Similar reference indexes are deter­
mined for the other strokes 1002 to 1009. 

the point index. For example, regular or stroke defined 
sub-points can be defined between each pair of consecutive 
points to provide a decimal part of the point index. The 
fractional precision can be, for example, about 1/soth to about 
1/2ooth of each stroke segment. However, less or more pre­
cision can be provided. For example, in FIG. 9, ½oath 

sub-points are provided such that the displayed interaction 
with the part of the stroke 901 includes the reference index 
[215:36.665, 215:48.265], with the part of the stroke 902 
includes the reference index [233:35.585, 233:54.71] and 15 

with the part of the stroke 903 includes the reference index 
[243:37.495, 243:54], for example. Due to the stroke and 
decimal-point indexes, this selection also relates to the 
underlying recognition result(s) of the partial characters with 
greater precision, which provides features as discussed in 20 

more detail later. 

As discussed earlier, in the recognition process the strokes 
1001 to 1009 are segmented in order to determine probable 
character candidates which lead to the recognition of the 
words of the phrase 1000. The ink management system 112 
utilizes the reference segmentation 1102 which may be 
independent of the segmentation produced by the HWR 
system 114 or the reference segmentation 1102 may be that 

The above described reference indexing system employed 
by the present system and method provides a reference 
between the displayed digital ink and the recognition result 
(s) from the raw ink. This reference once determined by the 
ink management system 112 may be stored, for example, in 
the memory 108 of the computing device 100, for later use 
upon detection of user interaction with the digital ink, for 
example. As described above, the reference index is 
included as metadata with the digital content represented by 
the raw, recognized and digital ink as ink objects. Accord­
ingly, the ink objects are transportable, so that the digital 
content can be exported, imported and otherwise transferred 
or transformed between different applications and operating 
systems. That is, like any other digital content, the reference 
metadata is maintained with the ink object content itself. 
Because the reference index remains with the digital ink it 
is not necessary that the raw ink itself, e.g., the original 
handwritten input, be preserved, thereby reducing the 
amount of data to be stored and increasing the portability of 
the ink management system 112, as it is not necessary for a 
database of the raw ink to be addressed when interpreting 
ink object interaction. Full capability of the reference system 
is retained however even if the raw ink itself is not retained. 
This and the above-discussed features are now described in 
detail. 

FIG. 10 shows a phrase 1000 containing several words 
input as handwritten content to the input area 400 generally 
on the lines of the line pattern 410 and rendered as digital ink 
on the interface surface of the device, for example. The raw 
(and digital) ink 1000 includes a number of strokes 1001 to 
1009 representing text characters which form the phrase 
"cleaning the keyboard". As discussed earlier, the ink man­
agement system 112 segments the strokes to determine the 
reference index of the input, and therefore the digital ink. 
FIG. llA shows the handwritten input 1000 with a repre­
sentation of an example reference segmentation 1100 of the 
phrase "cleaning the keyboard" as determined by the ink 
management system 112 and/or the HWR system 114. The 
reference segmentation 1100 is illustrated as a series of 
boxes rm designating the general digital ink bounds or extent 
of each reference indexed portion of the digital ink 1000. 
FIG. 11B shows these boxes rm isolated from the digital ink 
1000 with the stroke index points shown by dashed lines. 

The stroke index may be for example: the stroke 1001 as 
stroke [OJ (zero), the stroke 1002 as stroke [1], the stroke 
1003 as stroke [2], the stroke 1004 as stroke [3], the stroke 

provided by the HWR system 114 ( or at least produced using 
a similar process). In either case, the reference segmentation 
of the strokes of the input/digital ink provides a map to the 

25 underlying recognition results as follows, for example. FIG. 
12A shows the handwritten input 1000 with a representation 
of an example recognition 1200 of the phrase "cleaning the 
keyboard". It is noted that the example recognition is not 
itself displayed as depicted. As can be seen, the recognition 

30 1200 includes a segmentation 1202 of the strokes 1001 to 
1009 of the input 1000 (shown by dashed lines) to produce 
a series of recognized characters Cn. The recognized char­
acters Cn include "c" C1 , "l" C2 , "e" C3 , "a" C4 , "n" C5 , "i" 
C

6 
including the dot"-", "n" C

7
, "g" Cg, "t" C

9 
including the 

35 bar"-", "h" C10 , "e" C11 , "k" C12 , "e" C13 , "y" C14, "b" C15 , 

"o" C
16

, "a" C
17

, "r" C
1

g, and "d" C
19

. It is noted that in the 
recognition processing, the "n" Cs may also be recognized as 
an "r" to provide the word candidate "clearing", instead of 
"cleaning" with similar or different probabilities based on 

40 the language model of the HWR system 114. Other alter­
native character recognitions are also possible. Further, the 
numbering order of the candidates is only for descriptive 
purposes and does not necessarily reflect the manner in 
which the HWR system 114 identifies recognized characters, 

45 if this is done. Further still, the use of boxes to designate the 
recognized characters in the drawings is for illustrative 
purposes only. 

As can be seen the recognition segmentation 1202 corre­
sponds generally with the reference segmentation 1102. 

50 Accordingly, the ink management system 112 maps the 
reference indexes rm to the candidate characters Cn. For 
example, the stroke 1001 contains several characters, 
namely characters C1 to Cg, such that character C1 corre­
sponds to reference index r i, character C2 corresponds to 

55 reference index r2 , character C3 corresponds to reference 
index r

3

, character C
4 

corresponds to reference index r
4

, 

character Cs corresponds to reference index rs, character C6 

corresponds to reference indexes r6 and r7 combined (e.g., 
the complete character "i"), character C7 corresponds to 

60 reference index r g, and character Cg corresponds to reference 
index r9 . Similar mapping of the candidate characters and 
reference indexes are determined for the other strokes 1002 
to 1009. Accordingly, the underlying recognition 1202 of the 
digital ink 1000 may be determined via the reference index-

65 ing as word[0:0, 1:10] corresponding to "cleaning", word 
[2:0, 3:10] corresponding to "the", and word[4:0, 8:40] 
corresponding to "keyboard", for example. This reference or 
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link between the recognized elements, such as characters 
and words, and the corresponding digital ink elements 
provides the ink objects, where a first ink object corresponds 
to the reference index [0:0, 1: 10], a second ink object 
corresponds to the reference index [2:0, 3:10] and a third ink 
object corresponds to the reference index [4:0, 8:40], in this 
present example. 

In this way, the ink management system 112 links or maps 

18 
segmentation 1202 is not present and instead character 
candidate C14' results corresponding to "n" for the candidate 
recognition "cleaning the ken board" ( or "clearing the ken 
board as discussed earlier). It is noted that in the recognition 
processing, the "n" C14' may also be recognized as a "y" to 
provide the word candidate "key", instead of "ken" with 
similar or different probabilities based on the language 
model of the HWR system 114. 

the digital ink strokes with the underlying recognition result 
provided by the handwriting recognition process. This map- 10 

ping is provided regardless of the manner in which the 
digital ink is rendered. That is, the digital ink, being a 
displayed version of the raw ink input, may be rendered with 

The segmentation 1206 of the strokes 1001 to 1009 is 
similar to the segmentation 1102 however in this segmen­
tation the stroke 1001 is segmented such that the character 
candidates C1 , C2 , C3 and C4 corresponding to "c", "l", "e" 
and "a", respectively, in the segmentation 1202 are not 
present and instead character candidates Ci' and C3 ' result a different size, style, font, etc. than the original handwriting 

through transposition or so-called 'beautification'. This is 15 

particularly the case if the handwriting is input in a different 
area than the display itself, in a restricted area, or in a 
relatively free manner without respect to layout elements, 
such as the line pattern, in which cases the digital ink is 
rendered relatively independently of the input raw ink. The 20 

mapping of such transposed or beautified digital ink to the 
recognized ink is possible however so long as the transpo­
sition or beautification characteristics are known, such as 
described in, for example, U.S. patent application Ser. No. 
14/978,081 titled "System and Method for Beautifying 25 

Digital Ink" filed in the name of the present Applicant and 
Assignee, the entire content of which is incorporated by 
reference herein. 

corresponding to "d" and "u", respectively, for the candidate 
recognition "during the keyboard". 

The segmentation 1208 of the strokes 1001 to 1009 is a 
combination of the segmentations 1204 and 1206 to produce 
the candidate recognition "during the ken board" ( or "during 
the key board" as described above). These different segmen­
tations may correspond to the most likely recognition can-
didates, e.g., those returning the highest probability scores. 
While four most likely recognition candidates are shown, it 
is understood that more or less may be provided by the 
present system and method. Further, the order of the can­
didates 1202 to 1208 is only illustrative and does not imply 
the order of candidate likelihood. Examples of the manner in 
which this mapping of candidate recognitions to the digital 
ink supports interactivity is now described. The digital to recognized ink map supports user interac­

tivity with the digital ink, and therefore the ink objects, as 30 

interactions with the digital ink (for example, in a manner as 
described earlier), are referred to interactions with the under­
lying recognized ink through this link, and therefore editing 

FIG. 13A shows the digital ink 1000 with an editing 
gesture 1300 detected by the ink management system 112 
and/or the HWR system 114 as input as a bottom-to-top 
vertical line in a single stroke by a user swiping their finger 
or stylus tip from the bottom to the top in the displayed 
position shown, for example. That is, the stroke start posi­
tion is below the stroke end position, in time order, as 

of the digital ink, such as changes to existing content, input 
of new content, are managed by the ink management system 35 

112 with recourse to existing and new recognition results. 
This is now described in detail. depicted by the gradual thickening of the stroke from the 

bottom to the top. The illustrated characteristic of the editing 
stroke is an example, and other characteristics are possible, 

In the probabilistic approach to handwriting recognition 
taken by the HWR system 114, many potential object 
candidates, such as character candidates for text input, shape 
candidates for shape input, notation candidates for music 
input, are tested via the segmentation graph and the most 
probable candidates are returned to provide the recognition 
result. However, upon outputting the recognition result, the 
HWR system 114 does not discard (all) the other candidates 
or at least does not discard the top candidates, such as the 5, 
10, etc. most likely candidates, for example. This is, at least 
in part, because the recognition result, while the most likely 
based on the various experts and models employed by the 
HWR system 114 at the time, may not be correct and users 
may therefore be provided with the other candidates for 
selection, via interactive UI menus or the like, in order to 
correct the recognition result, for example, such as described 
in the afore-incorporated by reference United States Patent 
Application Publication No. 2017 /0060406. Each one of 
these character candidates maps onto the digital ink in a 
similar manner as illustrated in the example of FIG. 12A. 
That is, the candidates correspond to certain segmentations 
of the raw ink, and therefore also of the digital ink. FIG. 12B 
shows the handwritten input 1000 with representations of 
several segmentations 1204, 1206 and 1208 of the example 
recognition 1200 of the phrase 1000. 

The segmentation 1204 of the strokes 1001 to 1009 is 
similar to the segmentation 1202 however in this segmen­
tation the stroke 1006 is segmented to treat the apparent 
space between the strokes 1006 and 1007 as a space, such 
that the character candidate C14 corresponding to "y" in the 

40 such as scratch-out, as are other forms of editing commands 
(described in detail later). For example, as with digital 
objects, editing of the ink objects can also be achieved 
through other actions and tools, such as keyboard, UI 
buttons or menus, combined with a cursor or selection of ink 

45 as editable content. The editing stroke 1300 is detected as 
passing between the strokes 1006 and 1007, and as such the 
ink management system 112 knows the relative location of 
the editing stroke 1300 not only from the digital ink 1000 but 
also from each of the candidate recognitions, e.g., 1202 to 

50 1208, of the underlying recognized ink 1200. Consideration 
of this relative location of the editing gesture 1300 and its 
bottom-to-top writing direction characteristic may result in 
a determination that the editing gesture 1300 is intended by 
the user to delete a space at the detected location, particu-

55 larly with respect to the recognition candidates 1202 and 
1208 (described in detail below). With this determination, 
the ink management system 112 causes the digital ink 1000 
to be re-rendered as edited digital ink 1000' as shown in FIG. 
13B, in which the strokes 1006 and 1007 are joined together. 

60 This editing of the digital ink is accompanied by any suitable 
further recognition of the digital content represented by the 
ink objects, as described below. 

In the determination or interpretation of the editing stroke 
1300, the ink management system 112 refers to the recog-

65 nition candidates referenced to the strokes in the proximity 
of the editing stroke location. The range of this proximity 
may be pre-set and/or user settable ( e.g., via a UI menu) and 
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system 112, and the recognition candidates 1204 and 1208 
are revised and may be elevated or promoted in the most 
likely recognition candidates list through provision of a 
suitable probability weighting by the ink management sys­
tem 112. FIG. 13C shows an example revised or edited 
recognition 1200' having the representations of revised 
segmentations 1204' and 1208' of the edited phrase 1000'. In 
the revised segmentations 1204' and 1208' the recognition 
processing may further cause the character candidate C14' to 

should generally take into account processing burden and 
timing, which may affect user experience. For example, the 
location of the editing stroke 1300 between the strokes 1006 
and 1007 substantially coincides with the space candidate 
identified in the recognition candidates 1204 and 1208 
between the alternative character candidate C14' and the 
character candidate C15 . Accordingly, the ink management 
system 112 determines, or causes the HWR system 114 to 
determine (e.g., through provision of a suitable probability 
weighting), that the editing gesture 1300 is a delete space 
gesture. This determination may at least in part be per­
formed, for example, with the gesture detection and recog­
nition described in U.S. patent application Ser. No. 14/989, 
217 titled "System and Method for Note Taking with 
Gestures" filed in the name of the present Applicant and 
Assignee, the entire content of which is incorporated by 
reference herein. 

10 be recognized as a "y" omitting or downgrading the "n" 
candidate, since the joined strokes 1006 and 1007 now likely 
form the word "keyboard" which based on the language 
model the HWR system 114 may determine as more likely. 
This increased likelihood may also be used by the ink 

15 management system 112 in the determination of the editing 
gesture 1300, as may the entire original and edited phrases 
1000 and 1000'. 

Similar delete actions can be taken on the content itself, 
such as on the text characters, words, sentences, paragraphs, 
etc., and non-text elements. Further, due to the fine reference 20 

indexing (particularly the precision indexing using stroke 
sub-points) partial deletion of characters, etc., is possible 
since only those parts of the digital ink will be omitted and 
the recognition adjusted accordingly to revise the ink 
objects. For example, the gesture which selected the 25 

descenders of the characters in the strokes 901, 902 and 903 
of the paragraph 500 in FIG. 9 may be a deletion gesture for 
these element components, such that only the digital ink 
portions corresponding to the reference indexes of these 
parts are omitted. Alternatively or additionally, partial dele- 30 

tions which are actually intended as full deletions (e.g., a 
scratch-out or strike-through gesture made by a user only 
partially selected or misses one or more characters at the end 
of word, or one or more words at the end of a sentence), can 
be properly handled by the ink management system 112 to 35 

output full deletions as the partial character reference 
indexes belong to full character reference indexes, character 
reference indexes belong to word reference indexes, word 
reference indexes belong to sentence reference indexes, and 
so on, such that the digital ink of the greater reference 40 

indexes are deleted. 
The ink management system 112 may be configured to 

retain the digital ink of any deleted reference index ink, 
either permanently or for a certain amount of time or number 
of subsequent operations, for example, by storing the digital 45 

ink in the memory 108 of the device 100, so that deletions 
can be undone, through UI selection or the like. Alterna­
tively or additionally, only the deleted reference indexes 
may be retained along with the underlying recognition 
results (e.g., the partial or entire ink objects) as metadata in 50 

the ink objects and/or the memory 108 so that upon an undo 
action, the restored digital ink can be generated based on the 
recognition results and appropriate handwriting like fonts, 
such as personal user fonts produced by sampling a user's 
handwriting. Accordingly, the ink objects of the present 55 

system and method are managed similar to digital objects 
with similar editing functionality but also provide enhanced 
functionality as the interactions with the ink objects are 
augmented by the underlying handwriting recognition and 
allow interaction with partial content elements, which can- 60 

not be performed with digital objects. 
Returning to the example of FIG. 13, the delete space 

determination causes a change in the recognition candidates. 
For example, the recognition candidates 1202 and 1206 may 
be omitted from the ink objects or downgraded from the 65 

most likely recognition candidates list through provision of 
a suitable probability weighting by the ink management 

As described earlier, the range of proximate strokes to an 
editing stroke or action takes into account the efficiency of 
any further recognition processing necessary. The allowed 
range is relatively generous however since the efficiency is 
enhanced by the ink objects due to already or existing 
recognized elements of the input/digital ink not needing to 
be re-recognized. That is, as described above, only new 
input is recognized and previous recognition result(s) are 
retained, revised or omitted in accordance with the refer-
encing made thereto. It is understood however that in some 
cases previous recognition result(s) may not assist the rec­
ognition of the new input, or may require re-recognition 
together with the new input, such that re-recognition may 
occur albeit limited to that necessary for recognition of the 
new input. 

The new 'input' of the example of FIG. 13 represented an 
editing or control action on the content, and not content 
itself. The present system and method is also applicable to 
new content input, for example as follows. FIG. 14A shows 
the digital ink 1000 with an editing gesture 1400 detected by 
the ink management system 112 and/or the HWR system 114 
as input as a top-to-bottom vertical line in a single stroke by 
a user swiping their finger or stylus tip from the top to the 
bottom in the displayed position shown, for example. That 
is, the stroke start position is above the stroke end position, 
in time order, as depicted by the gradual thickening of the 
stroke from the top to the bottom. The illustrated character­
istic of the editing stroke is an example, and other charac­
teristics are possible, such as a wedge, as are other forms of 
editing commands (described in detail later). The editing 
stroke 1400 is detected as passing between the strokes 1001 
(and 1002) and 1003 (and 1004), and as such the ink 
management system 112 knows the relative location of the 
editing stroke 1400 not only to the digital ink 1000 but also 
to each of the candidate recognitions, e.g., 1202 to 1208, of 
the underlying recognized ink. 

Consideration of this relative location of the editing 
gesture 1400 and its top-to-bottom writing direction may 
result in a determination that the editing gesture 1400 is 
intended by the user to break or split the digital ink 1000 at 
the detected location. With this determination, the ink man­
agement system 112 causes the digital ink 1000 to be 
re-rendered as edited digital ink 1000" as shown in FIG. 
14B, in which the strokes 1001 (and 1002) and 1003 (and 
1004) are provided with a space therebetween. The size of 
this space may be pre-set and/or user settable ( e.g., via a UI 
menu) and is generally sized to allow subsequent input to be 
provided in that space. However, just a normal (based on the 
text template or the like) sized single space may also be 
provided. This editing of the digital ink is accompanied by 
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any suitable further recognition of the digital content rep­
resented by the ink objects. In the determination or inter­
pretation of the editing stroke 1400, the ink management 
system 112 refers to the recognition candidates referenced to 
the strokes in the proximity of the editing stroke location, as 5 

in the example of FIG. 13. For example, the location of the 
editing stroke 1400 between the strokes 1001 (and 1002) and 
1003 (and 1004) substantially coincides with a space iden­
tified in all of the (most likely) recognition candidates 1202 
to 1208. Accordingly, the ink management system 112 10 

determines, or causes the HWR system 114 to determine 
( e.g., through provision of a suitable probability weighting), 
that the editing gesture 1400 is an add space gesture. This 
determination may at least in part be performed, for 
example, with the gesture detection and recognition 15 

described in the afore-incorporated by reference U.S. patent 
application Ser. No. 14/989,217, for example. 

Content insertion could also be made by overwriting on 
existing content. Such actions may be interpreted by the ink 
management system 112, for example, as deletion of the 20 

overwritten content and insertion of the new input, or the 
addition of the new input to the existing content (such as 
turning an "l" into a "t" by addition of the bar "-"). As 
discussed above, this includes partial overwriting/deletion of 
characters, etc., and provision of undo actions through 25 

retention of the digital ink and/or reference indexes. 
The ink management system 112 may be configured to 

display the input editing stroke(s) as digital ink, either with 
a shape as, for example, shown in FIGS. 13A and 14A, or 
some other appropriate rendering until the recognized edit- 30 

ing operation is performed or may just perform the editing 
operation without such display. The display of the detected 
editing gesture may be used to provide recognition feedback 
to users with respect to recognition of the gesture itself and 
the relative location thereof. Otherwise, the eventual editing 35 

operation, e.g., the modified display shown in FIGS. 13B 
and 14B, may be used for such feedback. 

FIG. 14C shows the edited digital ink 1000" with new 
input 1402 detected by the ink management system 112 
and/or the HWR system 114 as being within the space 40 

between the strokes 1001 (and 1002) and 1003 (and 1004), 
thereby forming the edited phrase 1000" of"cleaning of the 
keyboard". The raw (and digital) ink 1402 includes a stroke 
representing text characters which form the word "of'. As 
discussed earlier, the ink management system 112 segments 45 

the stroke to produce a reference segmentation used to 
determine the reference index of the input, and therefore the 
digital ink. For example, the stroke index of the new stroke 
1402 may be stroke [9], i.e., sequentially carrying on from 
the stroke 1009 which is stroke [8], and may be segmented 50 

to have 60 points, say, such that, for example reference index 
r22 corresponds to [9:0, 9:30] and reference index r23 cor­
responds to [9:30, 9:60]. As described above, extra precision 
can be provided by also referring to sub-points. In this way, 
the reference indexes of the previously indexed content are 55 

not disturbed and the new input is referenced in combination 
with the existing content. 

As with non-content input, like the editing gesture 1400, 
consideration of the relative location of the new input 1402, 
with reference to the recognition candidates referenced to 60 

the strokes in the proximity of the new stroke location as 
described earlier, may result in a determination that the new 
input is intended by the user as new content to the digital ink 
1000' at the detected location, particularly with respect to the 
recognition candidates 1202 and 1204 ( described in detail 65 

below). With this determination, the ink management system 
112 may cause further re-rendering of the edited digital ink 

22 
1000' to provide additional space for content insertion and 
then reduce this space once the new content has been input, 
for example. Alternatively, users may be required to insert 
further space to allow for this. This editing of the digital ink 
is accompanied by any suitable further recognition of the 
digital content represented by the ink objects, for example, 
by the ink management system 112 determining, or causing 
the HWR system 114 to determine (e.g., through provision 
of a suitable probability weighting), that the stroke 1402 is 
new content, such that the recognition processing of the new 
content may be carried out faster since the type of input has 
already been determined or pre-processed. Accordingly, in 
the recognition process the new stroke 1402 is segmented in 
order to determine probable character candidates which lead 
to the recognition of the word "of' of the new input 1402, 
where this recognition is performed with reference to the 
existing recognition candidates but without disrupting those 
candidates unless this is determined to be necessary (such as 
characters being added to a word, for example). 

In the present example, this recognition causes a change 
in the recognition candidates. For example, FIG. 14D shows 
an example revised or edited recognition 1200" having the 
representations ofrevised segmentations 1202' and 1204" of 
the edited phrase 1000". In each of the revised segmenta­
tions 1202' and 1204" the stroke 1402 is segmented to 
produce additional recognized characters of the series of 
recognized characters Cn. That is, the segmentation of the 
strokes 1001 to 1009 is unchanged. The additional recog­
nized characters Ci, include "o" C20 and "f' C21 . As in the 
examples before, each of the revised recognition segmenta­
tions 1202' and 1204" correspond generally with the refer­
ence segmentation such that the ink management system 112 
maps the expanded reference indexes rm to the expanded 
candidate characters Cn. That is, the new character C20 

corresponds to reference index r21 , the new character C21 

corresponds to reference index r22 and the mapping of the 
existing candidate characters and reference indexes for the 
other strokes 1002 to 1009 is maintained. Accordingly, the 
underlying recognition 1202' and 1204" of the digital ink 
1000 may be determined via the reference indexing as 
word[0:0, 1:10] corresponding to "cleaning", word[9:0, 
9:60] corresponding to "of', word[2:0, 3: 10] corresponding 
to "the", and word[4:0, 8:40] corresponding to "keyboard", 
for example, where a fourth ink object corresponds to the 
reference index [9:0, 9:60]. 

In this example, the recognition candidates 1206 and 1208 
are omitted from the ink objects or downgraded from the 
most likely recognition candidates list through provision of 
a suitable probability weighting by the ink management 
system 112, and the recognition candidates 1202 and 1204 
are revised and may be elevated or promoted in the most 
likely recognition candidates list through provision of a 
suitable probability weighting by the ink management sys­
tem 112. This is because, in both of the recognition candi­
dates 1206 and 1208 the strokes 1001 and 1002 correspond 
to the candidate recognition "during" and based on the 
language model the HWR system 114 determines the like­
lihood of the phrases "during of the keyboard" or "during of 
the ken board", for example, to be relatively reduced from 
the recognition of the original input 1000. On the other hand, 
the relative likelihoods of the revised recognition candidates 
1202' and 1204" of"cleaning of the keyboard" and "cleaning 
of the ken board", respectively, are most likely about the 
same as for the original recognition candidates 1202 and 
1204. 

Accordingly, the ink management system 112 manages 
interactions to edit the digital ink by adjusting the ink objects 
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corresponding to each of the digital ink characters, words, 
etc., that are interacted with through re-rendering of the 
digital ink and revision or adjustment of the underlying 
recognition candidates corresponding thereto. As such, the 

24 
not have the physical limitations of paper, such as size, 
number of pages. However, creating digital content with 
handwriting is not currently as easy or as effective as typing 
because of the way digital ink is traditionally managed. 
Conventionally, digital content is made of typed text objects 
or digitally drawn non-text objects, such as shapes and 
equations. Current digital ink management captures hand­
written objects as pixels or strokes, which does not fit with 
the digital content model. This leads to creators having to 

ink objects are updated with any editions made so that upon 
conversion of the digital ink content into typeset or fontified 
content ( e.g., upon finalization of a document), the typeset­
ting is performed based on the updated ink objects so that the 
most current and applicable recognition results are used in 
the conversion. 

Further, as with the digital ink and/or reference indexes of 
10 re-enter content by typing with keyboard or using complex 

tools for creation and editing of non-text content. 
the deletion and insertion actions described above, the ink 
objects may be retained by the ink management system 112 
after typesetting is performed so that undo actions can be 
similarly taken to revert back to the digital ink. The ink 15 

objects may be retained upon conversion to digital objects, 
either permanently or for a certain amount of time or number 
of subsequent operations, for example, by storing the ink 
objects in the memory 108 of the device 100. Alternatively, 
the retention of the ink objects through typesetting may be 20 

performed by merely re-rendering the digital ink as typeset 
ink, so that the digital content remains characterized by the 
ink objects, rather than converted to digital objects. In this 
way, interactions with the typeset ink are treated by the ink 
management system 112 in similar fashion to the interac- 25 

tions with the digital ink. That is, reference is made to the 
related underlying recognition results such that similar func­
tionality is provided. This is particularly useful in providing 
the ability to input mixed content, e.g., handwriting revi­
sions or annotations on typeset content, where the handwrit- 30 

ten input is interpreted with reference to the existing ink 
objects to provide seamless integration of the handwriting 
into the typeset content. The reverse is also possible, with 
typed content being added to handwritten digital ink. In this 
case, the decoded keystrokes may be treated by the ink 35 

management system 112 as recognition candidates so that 
the typed content is formulated as ink objects. Similar 
possibilities apply for mixed non-text content which is input 
with handwriting or with digital input tools. 

As mentioned earlier, editing commands other than the 40 

handwritten editing gestures may also be used to edit the ink 
objects. These editing commands include traditional editing 
commands such as those provided via UI menus, keyboard 
(e.g., backspace) and mouse (e.g., select). That is, as dis­
cussed earlier, the reference indexing allows substantially 45 

precise placement of an input cursor with respect to the 
digital ink and also provides precise know ledge of the extent 
of content elements, such as text characters. Accordingly, 
regardless of whether the rendered ink is digital ink or 
typeset ink, a cursor can be positioned at element boundar- 50 

ies, such as at character boundaries, and the traditional 
editing commands can therefore be used similar to digital 
objects. For example, FIG. 15A shows the digital ink para­
graph 500 of FIG. 5 with a portion 1500 of the paragraph 
selected and FIG. 15B shows the corresponding typeset ink 55 

paragraph 600 of FIG. 6 with a portion 1502 of the para­
graph selected. In both drawings the selections are of the 
same content and are shown as a highlighted selection 
region as commonly provided in document processing appli­
cations. The selection regions 1500 and 1502 are rendered at 60 

the character boundaries of the respective digital and typeset 
ink characters, that is with the cursor positions. Accordingly, 
in both cases the ink objects corresponding to the reference 
indexes of the selected content are selected for any subse­
quent interaction. 

Use of handwriting on computing devices for the creation 
of digital content is advantageous because these devices do 

65 

Handwriting recognition technology can avoid this re­
entry paradigm. However, as handwriting is generally 
unstructured with text of various size and orientation and 
combined with non-text, performing recognition on the 
whole content at once, as it is conventionally done, does not 
provide the best use of this technology. This leads to creators 
having to make many post-recognition edits to create pub­
lishable digital content, significantly limiting the productiv­
ity gain that handwriting recognition could provide. 

The present system and method dramatically improves the 
productivity of digital ink through the ink management 
system. The ink management system provides interactive 
ink that is as easily manageable as typed digital content 
through the combination of the digital ink with "on-the-fly" 
recognition, for text and non-text. This combination of the 
digital ink and the recognition results transforms the digital 
ink into ink objects which are interactive like typed objects 
and can be manipulated with intuitive gestures akin to those 
of keyboard, like backspace and enter, and mouse, like select 
and drag'n'drop. Interaction with the digital ink provides an 
intuitive user experience, even for non-tech savvy users. 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ­
ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart-
ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
details, exhibits, and illustrated examples in this description. 
It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 
concepts disclosed herein. 

We claim: 
1. A system for providing interactive ink on a computing 

device, the computing device comprising a processor, a 
memory and at least one non-transitory computer readable 
medium for recognizing handwriting input under control of 
the processor, the at least one non-transitory computer 
readable medium configured to: 

cause display of, on a display interface of the computing 
device, first digital ink in accordance with first hand­
writing input; 

allocate spatial or temporal references to ink elements of 
the first digital ink; 

map the spatial or temporal references to corresponding 
recognized elements of the first handwriting input; and 

determine and store, in the memory of the computing 
device, ink objects including the spatial or temporal 
references and mapped recognized elements. 

2. The system according to claim 1, wherein the ink 
elements are at least part of strokes of the first digital ink. 
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3. The system according to claim 1, wherein the recog­
nized elements include at least part of strokes of the first 
handwriting input. 

4. The system according to claim 3, wherein the recog­
nized elements are recognition candidates of the first hand­
writing input. 

26 
displaying, on the display interface, second digital ink in 

accordance with the determined content of the second 
handwriting input. 

12. The method according to claim 11, wherein the second 
digital ink is an edited version of at least part of the first 
digital ink. 

13. A non-transitory computer readable medium having a 
computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 

5. The system according to claim 1, the at least one 
non-transitory computer readable medium configured to: 

determine content of second handwriting input by refer­
ring to the ink objects; and 

cause display of, on the display interface, second digital 
ink in accordance with the determined content of the 
second handwriting input. 

10 
implement a method for providing interactive ink to a 
computing device, the computing device comprising a pro­
cessor and at least one system non-transitory computer 
readable medium for recognizing handwriting input under 
control of the processor, the method comprising: 

6. The system according to claim 5, wherein the second 15 
digital ink is an edited version of at least part of the first 
digital ink. 

7. A method for providing interactive ink on a computing 
device, the computing device comprising a processor and at 
least one non-transitory computer readable medium for 20 

recognizing handwriting input under control of the proces-
sor, the method comprising: 

displaying, on a display interface of the computing 
device, first digital ink in accordance with first hand­
writing input; 

allocating spatial or temporal references to ink elements 
of the first digital ink; 

map the spatial or temporal references to corresponding 
recognized elements of the first handwriting input; and 

determining and storing, in the memory of the computing 
device, ink objects including the spatial or temporal 
references and mapped recognized elements. displaying, on a display interface of the computing 

device, first digital ink in accordance with first hand­
writing input; 

allocating spatial or temporal references to ink elements 
of the first digital ink; 

14. The non-transitory computer readable medium 
25 according to claim 13, wherein the ink elements are at least 

part of strokes of the first digital ink. 

map the spatial or temporal references to corresponding 
recognized elements of the first handwriting input; and 

determining and storing, in the memory of the computing 30 

device, ink objects including the spatial or temporal 
references and mapped recognized elements. 

8. The method according to claim 7, wherein the ink 
elements are at least part of strokes of the first digital ink. 

9. The method according to claim 7, wherein the recog- 35 

nized elements include at least part of strokes of the first 
handwriting input. 

10. The method according to claim 9, wherein the recog­
nized elements are recognition candidates of the first hand­
writing input. 

11. The method according to claim 7, further comprising: 
determining content of second handwriting input by refer­

ring to the ink objects; and 

40 

15. The non-transitory computer readable medium 
according to claim 13, wherein the recognized elements 
include at least part of strokes of the first handwriting input. 

16. The non-transitory computer readable medium 
according to claim 15, wherein the recognized elements are 
recognition candidates of the first handwriting input. 

17. The non-transitory computer readable medium 
according to claim 13, further comprising: 

determining content of second handwriting input by refer­
ring to the ink objects; and 

displaying, on the display interface, second digital ink in 
accordance with the determined content of the second 
handwriting input. 

18. The non-transitory computer readable medium 
according to claim 17, wherein the second digital ink is an 
edited version of at least part of the first digital ink. 

* * * * * 
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puting device further has a processor and at least one 
application for recognizing the handwriting input under 
control of the processor. The at least one system application 
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With the help of appropriate software, the 
stylus can replace both your keyboard and 
mouse. 
That's what we show with our new note 
taking application. From your handwriting it 

can produce sharable documents with dean 

layout and formatting. 

FIG. 30 
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SYSTEM AND METHOD FOR NOTE 
TAKING WITH GESTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to European Application 
No. 15290296.1 filed on Dec. 1, 2015, which is incorporated 
herein by reference in its entirety and made a part thereof. 

2 
feedback mechanisms to the user, but that is generally the 
extent of the interaction with the input. 

If the user desires any further interaction with the output 
text, such as editing the content, manipulating the layout of 
the notes, or converting or adding the notes into a document, 
the text generally needs to be imported into a separate 
document processing application. This in itself is no great 
problem, however as the original layout of the handwritten 
notes and the actual input handwriting itself, so-called 

TECHNICAL FIELD 

The present description relates generally to the field of 
digital note taking systems and methods using computing 
device interfaces. The present description relates more spe­
cifically to digital note taking systems and methods capable 
ofrecognizing user input handwriting of various gestures in 
relation to displayed characters, symbols and objects. 

10 digital ink, is typically discarded in the import process, the 
user must refer back to the original notes in order to 
ascertain the intent in the notes taken. For example, the user 
may have emphasized certain words or passages in the notes 
either by annotation or decoration, or through the layout of 

15 the notes content itself. 
Some available handwriting digital note taking applica­

tions provide the ability to edit on the digital ink. However, 
this is generally done through the input of particular gestures 
for causing some sort of control, e.g., the launching of 

BACKGROUND 

Computing devices continue to become more ubiquitous 
to daily life. They take the form of computer desktops, 
laptop computers, tablet computers, hybrid computers (2-in-

20 menus or running processes. The Applicant has found how­
ever that when using handwriting note taking applications 
users generally are unable or do not desire to learn specific 
gestures that are not natural or intuitive, or to make editing 
selections through menus and the like. 

Further, gestures are also used for causing some sort of 
change of content, e.g., editing, style change, formatting. 
Accordingly, it is necessary for the application to determine 
the users' intent of using the gesture so that gestures for 
control and gestures for content input can be distinguished 

1 s), e-book readers, mobile phones, smartphones, wearable 25 

computers (including smartwatches, smart glasses/head­
sets), global positioning system (GPS) units, enterprise 
digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 
being incorporated into vehicles and equipment, such as 
cars, trucks, farm equipment, manufacturing equipment, 
building environment control (e.g., lighting, HVAC), and 
home and commercial appliances. 

30 and the appropriate actions taken. The challenge is some 
interactions have more than one intent or could even con­
stitute content itself. 

SUMMARY 

The examples of the present invention that are described 
herein below provide systems and methods for editing 
digital documents on computing devices. 

In one example, the computing device may include a 
processor and at least one non-transitory computer readable 
medium for recognizing handwriting input under control of 
the processor. The non-transitory computer readable 
medium may be configured to cause display of first digital 
ink in accordance with document content on a display 
interface of a computing device, detect handwriting input as 
one or more editing gestures with respect to the document 
content, and cause display of second digital ink in accor­
dance with handwriting input on the display interface. The 
second digital ink may be different than the first digital ink 

Computing devices generally consist of at least one 
processing element, such as a central processing unit (CPU), 35 

some form of memory, and input and output devices. The 
variety of computing devices and their subsequent uses 
necessitate a variety of interfaces and input devices. One 
such input device is a touch sensitive surface such as a touch 
screen or touch pad wherein user input is received through 40 

contact between the user's finger or an instrument such as a 
pen or stylus and the touch sensitive surface. Another input 
device is an input surface that senses gestures made by a user 
above the input surface. A further input device is a position 
detection system which detects the relative position of either 45 

touch or non-touch interactions with a non-touch physical or 
virtual surface. Any of these methods of input can be used 
generally for drawing or inputting text. When user input is 
text the user's handwriting is interpreted using a handwriting 
recognition system or method. 50 and/or may be a normalized version of the first digital ink. 

One application of handwriting recognition in portable 
computing devices, such as smartphones, phablets and tab­
lets, is in note taking. This particularly occurs in education 
and business settings where the user of the computing device 
captures notes, for example, during a lecture or meeting. 55 

This is usually done by the user launching a handwritten 
note taking application on the computing device which 
accepts and interprets, either locally in the device or 
remotely via a communications link of the device, hand­
written notes input on the touch sensitive surface. Conven- 60 

tionally such handwritten note taking applications are lim­
ited in their capabilities to provide a full document creation 
experience to users from the notes taken, since the focus of 
these applications has primarily been recognition accuracy 
rather than document creation. That is, available applica- 65 

tions provide recognition of handwriting and conversion of 
the recognized handwriting into typeset text, with various 

The non-transitory computer readable medium may be con­
figured to cause re-display of, on the display interface, the 
document content as the third digital ink based on the 
detected editing gestures. The third digital ink may be 
different than the first and second digital ink, and may 
further be a typeset version of the first digital ink. 

In another example, the present invention includes a 
method for editing documents on computing devices. Each 
computing device may comprise a processor and at least one 
non-transitory computer readable medium for recognizing 
handwriting input under control of the processor. The 
method may include the steps of displaying first digital ink 
in accordance with document content on a display interface 
of a computing device, detecting handwriting input as one or 
more editing gestures with respect to the document content; 
and displaying second digital ink in accordance with hand-
writing input on the display interface. The second digital ink 
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may be different than the first digital ink and/or may be a 
normalized version of the first digital ink. The method may 
include the step of re-displaying of, on the display interface, 
the document content as the third digital ink based on the 
detected editing gestures. The third digital ink may be 
different than the first and second digital ink, and may 
further be a typeset version of the first digital ink. 

In another example, the present invention includes a 
non-transitory computer readable medium having a com­
puter readable program code embodied therein. The com- 10 

puter readable program code may be adapted to be executed 
to implement a method for recognizing input of editing 
handwriting to a computing device. The computing device 
may comprise a processor and at least one system non- 15 
transitory computer readable medium for recognizing the 
input under control of the processor. The method may 
include the steps of displaying first digital ink in accordance 
with document content on a display interface of a computing 
device, detecting handwriting input as one or more editing 20 

gestures with respect to the document content, and display-
ing second digital ink in accordance with handwriting input 
on the display interface. The second digital ink may be 
different than the first digital ink and/or may be a normalized 
version of the first digital ink. The method may include the 25 

step of re-displaying of, on the display interface, the docu­
ment content as the third digital ink based on the detected 
editing gestures. The third digital ink may be different than 

4 
FIGS. lOA-lOD show another example of an editing 

gesture relating to breaking a paragraph in accordance with 
the present system and method; 

FIGS. llA and 11B show a schematic view of an example 
visual rendering of a scroll page on a portion of an input 
surface of the computing device that includes an example of 
an editing gesture relating to breaking a paragraph in accor­
dance with the present system and method; 

FIGS. 12A-12C show an example of an editing gesture 
relating to joining two words in accordance with the present 
system and method; 

FIGS. 13A-13E show an example of an editing gesture 
relating to joining two lines in accordance with the present 
system and method; 

FIG. 14 shows an example of an editing gesture relating 
to joining two lines in accordance with the present system 
and method; 

FIGS. 15A-15C show an example of an editing gesture 
relating to joining two paragraphs in accordance with the 
present system and method; 

FIGS. 16A and 16B show an example of an editing 
gesture relating to unspacing two paragraphs in accordance 
with the present system and method; 

FIGS. 17A-17D show a schematic view of an example 
visual rendering of a scroll page on a portion of an input 
surface of the computing device that includes an example of 
an editing gesture relating unspacing paragraphs in accor­
dance with the present system and method; the first and second digital ink, and may further be a typeset 

version of the first digital ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

3° FIGS. 18A-18D show examples of editing gestures relat­
ing to erasing one character in accordance with the present 
system and method; 

The present system and method will be more fully under­
stood from the following detailed description of the 
examples thereof, taken together with the drawings. In the 
drawings like reference numerals depict like elements. In the 
drawings: 

FIGS. 19A-19C show examples of editing gestures relat-

35 
ing to erasing several characters in accordance with the 
present system and method; 

FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system and 40 

method; 

FIGS. 20A-20C show examples of editing gestures relat­
ing to erasing one word in accordance with the present 
system and method; 

FIGS. 21A-21C show examples of editing gestures relat­
ing to erasing two words in accordance with the present 
system and method; FIG. 2 shows a block diagram of a system for handwriting 

recognition in accordance with an example of the present 
system and method; 

FIG. 3 shows a block diagram illustrating detail of the 
handwriting recognition system of FIG. 2 in accordance 
with an example of the present system and method; 

FIG. 4 shows a schematic view of an example visual 
rendering of a scroll page on a portion of an input surface of 
the computing device; 

FIGS. SA and 5B show an example of an editing gesture 
relating to breaking a word in accordance with the present 
system and method; 

FIGS. 6A and 6B show an example of an editing gesture 
relating to breaking a line in accordance with the present 
system and method; 

FIGS. 7A and 7B show another example of an editing 
gesture relating to breaking a line in accordance with the 
present system and method; 

FIGS. 22A-22C show examples of editing gestures relat­
ing to erasing several words in accordance with the present 

45 system and method; 
FIGS. 23A-23B show a schematic view of an example 

visual rendering of a scroll page on a portion of an input 
surface of the computing device that includes an example of 
an editing gesture relating erasing words in accordance with 

50 the present system and method; 
FIGS. 24A-24C show examples of editing gestures relat­

ing to erasing one line of text in accordance with the present 
system and method; 

FIGS. 25A-25C show examples of editing gestures relat-
55 ing to erasing several lines of text in accordance with the 

present system and method; 
FIGS. 26A and 26B show examples of editing gestures 

relating to erasing one paragraph in accordance with the 
present system and method; 

FIGS. SA-SC show a schematic view of an example visual 60 

rendering of a scroll page on a portion of an input surface of 
FIGS. 27A and 27B show examples of editing gestures 

relating to erasing several paragraphs in accordance with the 
present system and method; the computing device that includes an example of an editing 

gesture relating to breaking a line in accordance with the 
present system and method; 

FIGS. 9A and 9B show an example of an editing gesture 65 

relating to breaking a paragraph in accordance with the 
present system and method; 

FIG. 28 shows a multi-line paragraph input as handwrit­
ten content to the input area; 

FIG. 29 shows the paragraph of FIG. 28 with additional 
handwritten content input and rendered as digital ink in 
accordance with the present system and method; 
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FIG. 30 shows the result of typesetting the paragraph of 
FIG. 28 with the additional input of FIG. 29 in accordance 
with the present system and method; 

FIGS. 31A and 31B show another example of the para­
graph of FIG. 28 with additional handwritten content input 
and rendered as digital ink in accordance with the present 
system and method; 

FIG. 32 shows another example of the paragraph of FIG. 
28 with additional handwritten content input and rendered as 
digital ink in accordance with the present system and 10 

method; 
FIGS. 33A and 33B show another example of the para­

graph of FIG. 28 with additional handwritten content input 
and rendered as digital ink in accordance with the present 15 
system and method; 

FIG. 34 shows the result of typesetting the paragraph of 
FIG. 28 with the additional input of FIG. 33B in accordance 
with the present system and method; 

FIGS. 35A-35D show another example of the paragraph 20 

of FIG. 28 with additional handwritten content input and 
rendered as digital ink in accordance with the present system 
and method; 

FIG. 36 shows another example of an editing gesture 
relating to breaking a line in accordance with the present 25 

system and method; 
FIGS. 37 A and 37B shows another example of an editing 

gesture relating to breaking a line in accordance with the 
present system and method; 

FIG. 38 shows the result of typesetting the paragraph of 30 

FIGS. 37A and 37B in accordance with the present system 
and method; 

FIG. 39 shows another example of the paragraph of FIG. 
28 with additional handwritten content input and rendered as 
digital ink in accordance with the present system and 35 

method; 
FIGS. 40A-40C show another example of the paragraph 

6 
FIG. 48 shows a schematic view of an example visual 

rendering of a scroll page on a portion of an input surface of 
the computing device that the result of the typesetting of 
FIGS. 45 and 46 in accordance with the present system and 
method. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 
present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo-
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid Uilllecessarily 
obscuring aspects of the present teachings. 

Reference to and discussion of directional features such as 
up, down, above, below, lowest, highest, horizontal, vertical, 
etc., are made with respect to the Cartesian coordinate 
system as applied to the input surface on which the input to 
be recognized is made. Further, terms such as left and right 
are made in relation to the reader's frame of reference when 
viewing the drawings. Furthermore, the use of the term 
'text' in the present description is understood as encompass­
ing all alphanumeric characters, and strings thereof, in any 
written language and common place non-alphanumeric char­
acters, e.g., symbols, used in written text. Further still, the 
term 'non-text' in the present description is understood as 
encompassing freeform handwritten or hand-drawn content 
and rendered text and image data, as well as non-alphanu-
meric characters, and strings thereof, and alphanumeric 
characters, and strings thereof, which are used in non-text 
contexts. Furthermore, the examples shown in these draw­
ings are in a left-to-right written language context, and 
therefore any reference to positions can be adapted for 
written languages having different directional formats. 

The various technologies described herein generally 
relate to capture, processing and management of hand-

of FIG. 28 with additional handwritten content input and 
rendered as digital ink in accordance with the present system 
and method; 

FIG. 41 shows another example of an editing gesture 
relating to breaking a line in accordance with the present 
system and method; 

40 drawn and handwritten content on portable and non-portable 
computing devices in a manner which retains the inputted 
style of the content while allowing conversion to a faithful 
typeset or beautified version of that content. The systems 

FIGS. 42A and 42B shows another example of an editing 
gesture relating to breaking a line in accordance with the 45 

present system and method; 
FIG. 43 shows another example of the paragraph of FIG. 

and methods described herein may utilize recognition of 
users' natural writing and drawing styles input to a com­
puting device via an input surface, such as a touch sensitive 
screen, connected to, or of, the computing device or via an 
input device, such as a digital pen or mouse, connected to the 
computing device or via a physical or virtual surface moni-

28 with additional handwritten content input and rendered as 
digital ink in accordance with the present system and 
method; 

FIG. 44 shows another example of the paragraph of FIG. 
28 with additional handwritten content input and rendered as 
digital ink in accordance with the present system and 
method; 

50 tared by a position detection system. Whilst the various 
examples are described with respect to recognition of hand­
writing input using so-called online recognition techniques, 
it is understood that application is possible to other forms of 

FIGS. 45A and 45B shows another example of an editing 55 

gesture relating to joining two lines in accordance with the 
present system and method; 

FIG. 46 shows a schematic view of an example visual 
rendering of a scroll page on a portion of an input surface of 
the computing device that includes additional handwritten 60 

content input and rendered as digital ink in accordance with 
the present system and method; 

FIG. 47 shows a schematic view of an example visual 
rendering of a scroll page on a portion of an input surface of 
the computing device that the result of the typesetting of 65 

FIG. 46 in accordance with the present system and method; 
and 

input for recognition, such as ofl.line recognition in which 
images rather than digital ink are recognized. The terms 
hand-drawing and handwriting are used interchangeably 
herein to define the creation of digital content by users 
through use of their hands either directly onto a digital or 
digitally connected medium or via an input tool, such as a 
hand-held stylus. The term "hand" is used herein to provide 
concise description of the input techniques, however the use 
of other parts of a users' body for similar input is included 
in this definition, such as foot, mouth and eye. 

FIG. 1 shows a block diagram of an example computing 
device 100. The computing device may be a computer 
desktop, laptop computer, tablet computer, e-book reader, 
mobile phone, smartphone, wearable computer, digital 
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Inc., a 68xxx series microprocessor from Motorola Corpo­
ration, DSP microprocessors, or ARM microprocessors. 

The memory 108 can include any one or a combination of 
volatile memory elements ( e.g., random access memory 
(RAM, such as DRAM, SRAM, or SD RAM)) and nonvola­
tile memory elements (e.g., ROM, EPROM, flash PROM, 
EEPROM, hard drive, magnetic or optical tape, memory 
registers, CD-ROM, WORM, DVD, redundant array of 
inexpensive disks (RAID), another direct access storage 

watch, interactive whiteboard, global pos1t10ning system 
(GPS) unit, enterprise digital assistant (EDA), personal 
digital assistant (PDA), game console, or the like. The 
computing device 100 includes components of at least one 
processing element, some form of memory and input and/or 
output (I/0) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 
lines, buses, cables, buffers, electromagnetic links, net­
works, modems, transducers, IR ports, antennas, or others 
known to those of ordinary skill in the art. 

The computing device 100 has at least one display 102 for 
outputting data from the computing device such as images, 
text, and video. The display 102 may use LCD, plasma, 
LED, iOLED, CRT, or any other appropriate technology that 
is or is not touch sensitive as known to those of ordinary skill 
in the art. At least some of the display 102 is co-located with 

10 device (DASD)). Moreover, the memory 108 may incorpo­
rate electronic, magnetic, optical, and/or other types of 
storage media. The memory 108 can have a distributed 
architecture where various components are situated remote 
from one another but can also be accessed by the processor 

at least one input surface 104. The input surface 104 may 
employ technology such as resistive, surface acoustic wave, 
capacitive, infrared grid, infrared acrylic projection, optical 
imaging, dispersive signal technology, acoustic pulse rec­
ognition, or any other appropriate technology as known to 
those of ordinary skill in the art to receive user input. The 
input surface 104 may be bounded by a permanent or 
video-generated border that clearly identifies its boundaries. 

15 106. Further, the memory 108 may be remote from the 
device, such as at a server or cloud-based system, which is 
remotely accessible by the computing device 100. The 
memory 108 is coupled to the processor 106, so the proces­
sor 106 can read information from and write information to 

20 the memory 108. In the alternative, the memory 108 may be 
integral to the processor 106. In another example, the 
processor 106 and the memory 108 may both reside in a 
single ASIC or other integrated circuit. 

The software in the memory 108 includes an operating 

In addition to the input surface 104, the computing device 
100 may include one or more additional I/0 devices (or 
peripherals) that are communicatively coupled via a local 
interface. The additional I/0 devices may include input 
devices such as a keyboard, mouse, scanner, microphone, 
touchpads, bar code readers, laser readers, radio-frequency 
device readers, or any other appropriate technology known 

25 system 110 and an application 112. The software optionally 
further includes a handwriting recognition (HWR) system 
114 which may each include one or more separate computer 
programs. Each of these has an ordered listing of executable 
instructions for implementing logical functions. The oper-

to those of ordinary skill in the art. Further, the I/0 devices 
may include output devices such as a printer, bar code 
printers, or any other appropriate technology known to those 

30 ating system 110 controls the execution of the application 
112 (and the HWR system 114). The operating system 110 
may be any proprietary operating system or a commercially 
available operating system, such as WEBOS, WINDOWS®, 
MAC and !PHONE OS®, LINUX, and ANDROID. It is 

35 understood that other operating systems may also be uti­
lized. of ordinary skill in the art. Furthermore, the I/0 devices may 

include communications devices that communicate both 
inputs and outputs such as a modulator/demodulator (mo­
dem; for accessing another device, system, or network), a 
radio frequency (RF) or other transceiver, a telephonic 40 

interface, a bridge, a router, or any other appropriate tech­
nology known to those of ordinary skill in the art. The local 
interface may have additional elements to enable commu­
nications, such as controllers, buffers (caches), drivers, 
repeaters, and receivers, which are omitted for simplicity but 45 

known to those of skill in the art. Further, the local interface 
may include address, control, and/or data connections to 
enable appropriate communications among the other com­
puter components. 

The computing device 100 also includes a processor 106, 50 

which is a hardware device for executing software, particu­
larly software stored in the memory 108. The processor can 
be any custom made or commercially available general 
purpose processor, a central processing unit (CPU), a semi­
conductor based microprocessor (in the form of a microchip 55 

or chipset), a macroprocessor, microcontroller, digital signal 
processor (DSP), application specific integrated circuit 
(ASIC), field programmable gate array (FPGA) or other 
programmable logic device, discrete gate or transistor logic, 
discrete hardware components, state machine, or any com- 60 

bination thereof designed for executing software instruc­
tions known to those of ordinary skill in the art. Examples 
of suitable commercially available microprocessors are as 
follows: a PA-RISC series microprocessor from Hewlett­
Packard Company, an 80x86 or Pentium series micropro- 65 

cessor from Intel Corporation, a PowerPC microprocessor 
from IBM, a Spare microprocessor from Sun Microsystems, 

The application 112 includes one or more processing 
elements related to detection, management and treatment of 
user input (discussed in detail later). The software may also 
include one or more other applications related to handwrit­
ing recognition, different functions, or both. Some examples 
of other applications include a text editor, telephone dialer, 
contacts directory, instant messaging facility, computer­
aided design (CAD) program, email program, word process­
ing program, web browser, and camera. The application 112, 
and the other applications, include program(s) provided with 
the computing device 100 upon manufacture and may fur­
ther include programs uploaded or downloaded into the 
computing device 100 after manufacture. 

The HWR system 114, with support and compliance 
capabilities, may be a source program, executable program 
(object code), script, application, or any other entity having 
a set of instructions to be performed. When a source pro­
gram, the program needs to be translated via a compiler, 
assembler, interpreter, or the like, which may or may not be 
included within the memory, so as to operate properly in 
connection with the operating system. Furthermore, the 
handwriting recognition system with support and compli­
ance capabilities can be written as (a) an object oriented 
programming language, which has classes of data and meth­
ods; (b) a procedure programming language, which has 
routines, subroutines, and/or functions, for example but not 
limited to C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
Objective C, Swift, and Ada; or ( c) functional programing 
languages for example but no limited to Hope, Rex, Com­
mon Lisp, Scheme, Clojure, Racket, Erlang, OCaml, 
Haskell, Prolog, and F#. Alternatively, the HWR system 114 
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may be a method or system for communication with a 
handwriting recognition system remote from the device, 
such as server or cloud-based system, but is remotely 
accessible by the computing device 100 through communi­
cations links using the afore-mentioned communications I/O 
devices of the computing device 100. Further, the applica­
tion 112 and the HWR system 114 may operate together or 
be combined as a single application. 

Strokes entered on or via the input surface 104 are 
processed by the processor 106 as digital ink. A user may 10 

enter a stroke with a finger or some instrunient such as a pen 
or stylus suitable for use with the input surface. The user 
may also enter a stroke by making a gesture above the input 
surface 104 if technology that senses motions in the vicinity 
of the input surface 104 is being used, or with a peripheral 15 

device of the computing device 100, such as a mouse or 
joystick. A stroke is characterized by at least the stroke 
initiation location, the stroke termination location, and the 
path connecting the stroke initiation and termination loca­
tions. Because different users may naturally write the same 20 

object, e.g., a letter, a shape, a symbol, with slight variations, 
the HWR system accommodates a variety of ways in which 
each object may be entered whilst being recognized as the 
correct or intended object. 

FIG. 2 is a schematic pictorial of an example of the HWR 25 

system 114, in either its local (i.e., loaded on the device 100) 

10 
els, or Neural Networks such as Multilayer Perceptrons, 
Deep, Convolutional or Recurrent Neural Networks. The 
choice depends on the complexity, accuracy, and speed 
desired for the task. 

The language expert 126 generates linguistic meaning for 
the different paths in the segmentation graph using language 
models ( e.g., grammar or semantics). The expert 126 checks 
the candidates suggested by the other experts according to 
linguistic information 130. The linguistic information 130 
can include a lexicon, regular expressions, etc. The language 
expert 126 aims at finding the best recognition path. In one 
example, the language expert 126 does this by exploring a 
language model such as finite state automaton (FSA) rep­
resenting the content of linguistic information 130. In addi­
tion to the lexicon constraint, the language expert 126 may 
use statistical information modeling for how frequent a 
given sequence of elements appears in the specified lan­
guage or is used by a specific user to evaluate the linguistic 
likelihood of the interpretation of a given path of the 
segmentation graph. 

The present system and method make use of the HWR 
system 114 in order to recognize handwritten input to the 
device 100. As mentioned earlier, the application 112 
includes application(s) for handling the layout of the recog­
nized user input. Such applications may be provided in an 
architecture with separate layers for handling different pro-
cessing. One or more of these layers may be remote to the 
device 100 accessible via the communications charmels 
mentioned earlier. The layers may include application wrap­
per(s ), platform wrapper(s) and (platform specific) applica­
tion user interface(s). 

The application 112 provided by the present system and 
method allows users, such as students, academic and work­
ing professionals, to take handwritten notes, such as during 
lectures, meetings and brainstorming sessions, which they 
can transform into sharable formatted documents on their 
portable or non-portable computing devices using natural 
and intuitive operations, such as gestures. The application 
allows taking of 'clean' notes which can be searched and 

or remote (i.e., remotely accessible by the device 100) 
forms. The HWR system 114 includes stages such as pre­
processing 116, recognition 118 and output 120. The pre­
processing stage 116 processes the digital ink to achieve 30 

greater accuracy and reducing processing time during the 
recognition stage 118. This preprocessing may include nor­
malizing of the path connecting the stroke initiation and 
termination locations by applying size normalization and/or 
methods such as B-spline approximation to smooth the 35 

input. The preprocessed strokes are then passed to the 
recognition stage 118 which processes the strokes to recog­
nize the objects formed thereby. The recognized objects are 
then output 120 to the display 102 generally as a typesetted 
version of the handwritten elements/characters. 40 memorized properly using their computing devices. The 

present system and method further allow natural writing to 
be input since the writing is made on (ruled) lines, and 
paragraphs and other layout elements are respected respon­
sive to orientation (i.e., portrait or landscape) and device 

The recognition stage 118 may include different process­
ing elements or experts. FIG. 3 is a schematic pictorial of the 
example of FIG. 2 showing schematic detail of the recog­
nition stage 118. Three experts, a segmentation expert 122, 
a recognition expert 124, and a language expert 126, are 
illustrated which collaborate through dynamic prograniming 
to generate the output 120. 

45 display capacity. Synchronization of the captured notes 
between devices and auto-saving of notes are also sup­
ported, as are export options to various formats, such as a 
text, Latex, HTML, image, pdf, etc. These and other aspects 
are now described. 

The segmentation expert 122 defines the different ways to 
segment the input strokes into individual element hypoth­
eses, e.g., alphanumeric characters and mathematical opera- 50 

tors, text characters, individual shapes, or sub expression, in 
order to form expressions, e.g., words, mathematical equa­
tions, or groups of shapes. For example, the segmentation 
expert 122 may form the element hypotheses by grouping 
consecutive strokes of the original input to obtain a seg­
mentation graph where each node corresponds to at least one 
element hypothesis and where adjacency constraints 
between elements are handled by the node connections. 
Alternatively, the segmentation expert 122 may employ 
separate experts for different input types, such as text, 60 

drawings, equations, and music notation. 
The recognition expert 124 provides classification of the 

features extracted by a classifier 128 and outputs a list of 
element candidates with probabilities or recognition scores 

The application 112 utilizes a framework for the definition 
and handling of documents and document elements so as to 
provide structured content allowing layout definition and 
preservation. This document model handles different types 
of document elements, which are best described with 

55 HTML5 reference, for example, see W3C HTML5 DOM­
Kinds of content: http://www.w3.org/TR/htm15/ 
dom.html#kinds-of-content. The document model utilized 
by the application 112 does not reproduce HTML specifi-
cations, rather it takes inspiration from them. A subset of the 
elements of the document model is flow, sectioning, head­
ing, phrasing, embedded and interactive. 

The Applicant has found that users of existing digital note 

for each node of the segmentation graph. Many types of 65 

classifiers exist that could be used to address this recognition 
task, e.g., Support Vector Machines, Hidden Markov Mod-

taking applications have issues understanding how text 
behaves when editing, with text reflow and uncontrolled 
text/element position. In order to lower the learning curve 
for use of such applications, handwriting should be closer to 
what users are familiar with. That is, writing with keyboard 
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in text editing software/web services and editing through 
keyboard and mouse interaction, with the same model and 
behaviors. Any digital device user is already accustomed to 
gesturing on screen to write or edit content. Gesturing is a 
natural and intuitive pattern on touch and hover devices. A 
quick solution in the handwritten note taking environment 
would be to just adapt presently used gestures, such a tap, 
double tap, press, long press, swipe, pinch, to allow editing 
in the digital note taking and document creation environ­
ment. While these gestures are generally intuitively pro- 10 

vided for their existing functions on touch and hover 
devices, the Applicant has further found that this intuitive­
ness does not necessarily carry over well to content editing 
functions based on user feedback. Accordingly, the present 
system and method provides new classes of gesturing and 15 

behaviors for providing content editing functions. These and 
other features of the present system and method are now 
described in detail. 

12 
This helps users write with proper vertical spacing, i.e., not 
too close from the interface 104 border and leaves room for 
other elements, such as section titling and tagging. The top 
padding 402 is defined by multiples of the LPU, e.g., in the 
example of FIG. 4 the top padding is two times the LPU. 
However, it may be desired to allow writing in the top 
padding for headings, e.g., document and section titles, 
annotations and the like. Similar bottom padding at the 
bottom of the input area 408 may also be provided. 

The left and right margins 404 and 406 are displayed with 
vertical lines. In the example of FIG. 4 these lines are similar 
to the line pattern 410 in color and definition, however these 
lines may be more boldly displayed if desired. The vertical 
line margins are positioned from the corresponding left and 
right 'page' edges by multiples of the vertical rhythm unit. 
In the example of FIG. 4, the margins 404, 406 are not 
displayed in the top padding 402 and start from the first line 
pattern 410 horizontal line. However, the margins may 
extend into the top padding if desired. Further, the line FIG. 4 shows a schematic view of an example visual 

rendering of a note taking page 400 on a portion of the input 
surface 104 of an example computing device 100. The page 
400 is shown in editing view in which content entry and 
editing is performed. However, other views may be used for 
document structure editing and notebook navigation. 
Besides providing user interface (UI) controls ( described 
later) the editing view provides a full-width page that 
overflows vertically from the display 102 of the device 100. 
The page 400 is of flexible height, in essence of infinite 
height, and can be vertically scrolled using well understood 
touch screen computing device gestures or non-touch screen 
computing device methods, such as a with a mouse. In order 
to maximize writing space for users (particularly on smaller 
devices), an empty scrollable page is defined to occupy at 
least the whole editing view height. 

20 pattern 410 is not displayed in the margin elements in order 
to discourage writing in these areas. However, it may be 
desired to allow writing in the margins for annotations and 
the like. Alternatively, the margins may only be displayed on 
hover-over or contact interaction with the horizontal extents 

25 of the page 400 or totally omitted, thereby, for example, 
relying on natural handwriting behaviors of users to not 
write too close to the screen/VI edges. 

The input of handwritten content onto the page 400 is 
performed through the use of gestures in relation to the input 

30 surface 104, e.g., through touch, force and/or proximity 
depending on the screen technology of the device 100. 
Gesture detection may be handled differently depending on 
the ability of the computing device 100 to differentiate a 
users' finger from a stylus or pen (by which the device 

35 defines passive and active styli) or the ability of a stylus to 
indicate or communicate to the device that it is being used 
for handwriting or the ability of users to provide such an 
indication. By default, and in devices which do not differ­
entiate, any single-point touch or hover event within the 

In the editing view (and other views as appropriate) 
several page elements are displayed including a top padding 
402, a left margin 404 and a right margin 406. The padding 
and margins define an input area 408 which has a line pattern 
background 410. The line pattern 410 has horizontal lines 
separated by a multiple of the vertical rhythm height unit 
being the density independent pixel ( dp ). Regardless of the 
particular device 100, the vertical distance between the 
horizontal lines 410 is defined by a line pattern unit (LPU) 
and the vertical rhythm height unit provides a graduated 
measure of the LPU on a particular device. For example, the 45 

LPU may be set at about one centimeter for any device being 

40 input area 408 is to be considered as content input or content 

a certain multiple of the vertical rhythm height unit or users 
may be allowed to customize the line pattern unit to a 
different multiple of the vertical rhythm height unit accord-
ing to their writing style. Alternatively, the vertical rhythm 50 

may be based on typeset text size (e.g., the minimum text 
size) and the LPU is provided as a multiple of this typeset 
text size. All lines 410 are displayed with the same light and 
subtle color, e.g., grey, that is visible but faded with respect 
to the rendering of the content itself. In this way the line 55 

pattern is noticeable but unobtrusive so as to guide the 
handwriting input without distracting from the content entry. 
The line pattern background 410 is displayed in handwritten 
text context and serves multiple purposes: 

forces users to write onto it so that handwriting recogni- 60 

tion is optimized 
helps users adopt regular vertical rhythm writing leading 

to same writing size and better block dimensions and 
positions 

interaction. 
The scroll page can be provided as a constraint-free 

canvas that allows users to create object blocks (blocks of 
text, drawings, etc.) anywhere without worrying about siz­
ing or alignment. However, in order to provide profession­
ally formatted documents containing structured content, 
certain alignment elements or pattern may be defined onto 
which all content is to be aligned/defined (either at input or 
along user interaction). This allows blocks to be defined as 
that rendering of the blocks is responsive to the device 
size/orientation. An example alignment pattern and respon-
sive display is described in United States Patent Application 
Publication No. 2017/0060819 titled "System and Method 
of Digital Note Taking" filed in the name of the present 
Applicant and Assignee, the entire content of which is 
incorporated by reference herein. 

FIG. 4 further shows handwritten input rendered as digital 
ink. In particular, in the example of FIG. 4, there is shown 
five text objects 412, 414, 416, 418 and 420. The text object 
412 is a text block containing two words on a single line 410 
and defines a document or section title, for example. The text 
object 414 is a text block containing two words on a single 
line 410 spaced one line 410 from the block 412 and defines 
a section title or sub-title, for example. The text object 416 

helps users control line skipping to define paragraphs. 
The top padding 402 is displayed on any new page or 

section and does not contain the line pattern background. 

65 is a text block containing many words over multiple lines 
410 with the first (topmost) line 410 spaced one line 410 
from the block 414 and defines a (section) paragraph, for 
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example. The text object 418 is a text block containing two 
words on a single line 410 spaced one line 410 from the 
bottommost line 410 of the block 416 and defines a section 
title or sub-title, for example. The text object 420 is a text 
block containing many words over multiple lines 410 with 
the topmost line 410 spaced one line 410 from the block 418 
and defines a (section) paragraph, for example. 

The document model defines sectioning content as con­
tent that defines the scope of headings and footers. Heading 
content defines the header of a section, whether explicitly 10 

marked up using sectioning content elements or implied by 
the heading content itself. A paragraph is typically a run of 
flow content that forms a block of text with one or more 
sentences, without any empty lines therebetween. Para­
graphs may be any width (from single word to full width) 15 

depending on input length and position. At any time, the 
widest line of a paragraph defines its boundaries with 
potential consequences on the document model when new 
content is input. As long as all lines (but the last) are roughly 

14 
not as displayed handwritten input. In the context of the 
paragraphing rule described above: 

a paragraph is defined when a text block is separated from 
another text (or other object) block by at least one 
empty line 410; 

a line break is defined when two text blocks are separated 
from one another through input of an associated gesture 
(described below) without an empty line 410 therebe­
tween. Line breaks are not part of the explicit input, 
rather they are implicitly created/deleted by the docu­
ment model only to take text layout into account and 
preserve user input. In this way, line breaks serve as 
layout helpers to express space in-between paragraphs; 

a space is defined when characters, words, symbols, etc. 
within a text block are separated from one another on 
the same line 410 or over subsequent lines 410. 

The symbols are depicted to aid understanding of the 
results of the detection and recognition of the editing ges­
tures and to provide a contextual comparison to similar 

the same width, the document model causes new content to 
be appended inline to the paragraph when typesetting reflow 
is performed. As discussed below, paragraphs are mainly 
created by skipping a line 410 between content input. When 
text is entered immediately before or after a paragraph 
without leaving an empty line, all new content is merged into 

20 operations performed using a keyboard, e.g., the keying of 
a return or enter key to provide a paragraph "il" or line break 
or carriage return "D" and the keying of a space bar to 
provide a space "D". A line break is a special element that 
introduces a carriage return into phrasing content or content 

25 flow. 
the existing paragraph. All paragraphs may be split or 
merged with either content editing or gestures ( described 
later). 

As can be seen, the content of the text block 420 flows 
beyond the bottom of the input area 408 as displayed in FIG. 30 

4. However, the content can be viewed (and input) through 
users scrolling the page 400 by single-point interaction ( e.g., 
one-finger or stylus gesture touching or hovering over the 
interface 104) or multi-point interaction (e.g., two fingers 
touching or hovering over the interface 104 at about the 35 

same time) either anywhere on the input area or in a 
dedicated area(s), such as in one or more of the margins. 
When using a device that is able to differentiate finger from 
stylus, or a stylus which indicates its use to the device, or the 
user provides this indication, thus defining an active stylus 40 

for content input for example, multi-point interaction is not 
necessary and scrolling is available with a one-finger verti-
cal scroll gesture anywhere on the interface surface 104, for 
example. 

As mentioned above, the text blocks 412-420 are each 45 

separated by an empty line 410, e.g., a spacing of two LPUs. 
This simple constraint is placed on the input of separate 
paragraphs (and object blocks) in the vertical flow, in a 
manner which is easily understood and applied by users so 
that relative layout between object blocks in the vertical flow 50 

of the scroll page 400 can be cleanly maintained and applied 
to directly input content and dragged & dropped or pushed 
& dropped blocks. Benefits of this approach will become 
apparent from the following description of certain examples 
of editing provided by the present system and method. 55 

Alternatively or additionally however, such a constraint may 
not be required, particularly with the use of gestures to 
define styling, as described later. 

FIGS. 5 to 7, 9, 10, 12, 13, 15, 16, 18 to 22 and 24 to 45 
illustrate examples of editing gestures as performed on 60 

general example text blocks and FIGS. 8, 11, 14, 17, 23 and 
46 to 48 illustrates those example editing gestures as per­
formed on the example input of FIG. 4. In the illustrations 
of FIGS. 5 to 7, 9, 10, 12, 13, 15, 16, 18 to 22, 24 to 27, 36 
to 38, 41, 42 and 45 document processing marks are shown 65 

depicting paragraph "ii", line break or carriage return "D" 
and character/word space "D" for illustrative purposes only, 

Before description of the examples is made, a brief 
description of an example of how the application 112 and the 
HWR system 114 of the present system and method detects 
and recognizes handwritten gestures is now provided. As 
described earlier, strokes entered on or via the input surface 
104 are processed by the HWR system 114 using segmen­
tation, recognition and language models in order to recog­
nize each stroke and groups of strokes as handwritten 
objects, such as text characters and words. The recognition 
of gestures uses the same approach to detect strokes of the 
gestures, e.g., characterized by at least the stroke initiation 
location, the stroke termination location, and the path con­
necting the stroke initiation and termination locations, and 
combines this stroke detection with the determination of 
other characteristics of the strokes to detect gesture input 
and the context of that input in order to recognize the 
particular gesture used. This is done because it is not known 
at this point whether the newly entered strokes are further 
handwritten content, such as additional text, or a gesture for 
enacting some sort of control on already entered (and 
recognized) content. 

Accordingly, the input strokes are processed by the rec­
ognizer 118 of the HWR system 114 to determine the 
probabilities of the strokes being certain input (e.g., text, 
symbol, shape, a straight line, a zig-zag line, a curly line) 
and to determine characteristics such as writing direction 
( e.g., left, right, vertical, horizontal), geometry ( e.g., type 
and numbers of changes in direction, shape) and relation to 
the LPU. These determined characteristics together with the 
determined probable stroke types allow a determination of 
the possibility of the processed strokes being a type of 
gesture (e.g., an underline, a strikethrough, a scratch-out). 
The determined possible gesture types are evaluated for 
context by comparing the strokes of the possible gestures 
and the proximate recognized objects (e.g., characters, 
words, paragraphs). This comparison is used to verify that 
the input strokes are gestures and not further text input, for 
example, and whether the possible gestures types can apply 
in the detected case. This is done, for example, by comparing 
relative geometric features of the strokes of the gesture and 
objects/text (e.g., base-lines, bounding boxes, overlapping 
ratios) and/or by consideration of the language of the 
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recognized text. A set of results is then proposed to the 
application 112 with probability scores and intervals of 
digital ink on which the probable gesture(s) must be applied. 
As such, the HWR system 114 only proposes gesture rec­
ognition results and does not make any updates to the 
context itself. In this way, any pre-determined recognition 
results, e.g., the recognized text for which a gesture has been 
input, is maintained. The application 112 processes these 
gesture recognition results in order to apply the modifica­
tions on the content or to ignore them. 

The evaluation of some geometries can be disabled 
through UI settings on the application 112. This allows 
constraint on the availability of certain gestures. For 
example, the HWR system 114 may be able to recognize a 
strikethrough deletion gesture in both the left-to-right and 
right-to-left directions, however it may be desired to only 
allow strike-through in one of those directions. Such a 
disablement could be used to ease recognition or to allow the 
use of further gestures, e.g., a (reverse) strikethrough in the 
disabled direction may be recognized as an 'undo' of the 
recognized strikethrough. It is also possible to disable some 
types of gestures altogether, e.g., all erase gestures. Further, 
the evaluation of certain characteristics may be used to 
increase the probability scores. For example, writing flow 
may be used to increase the probability scores of add, 
overwrite, insert gestures so that other gestures will not be 
the best result when input is written continuously, e.g., the 
editing gestures subsequently follow content input, rather 
than being applied some time thereafter. This can be used to 
ease recognition of out of time content input, such as 
diacritics, e.g., the stroke for the character "t" after writing 
the full word containing the "t". 

The example editing gestures are now described. FIG. SA 
shows a single line paragraph 500 of several words, "Break" 
502, "a" 504 and "word" 506, as defined by the spaces 
therebetween, and a period 507 after the word 506. An 
editing gesture 508 is detected as input as a top-to-bottom 
vertical line in a single stroke by a user swiping their finger 

16 
high probability for the miss-spelling of "world", for 
example, or the gesture could have been located between the 
"r" and "d" of the word 506 instead. Such recognition results 
depend on the language and context of input and as such 
recognition that is largely independent of such factors is 
preferred in order to provide a robust and widely applicable 
system and method. 

Accordingly, the consideration of additional characteris­
tics is made by the present system and method. Such a 

10 characteristic is the vertical extent of the editing stroke 508 
in comparison to the input environment of the page 400. For 
example, the stroke 508 crosses the line 410 on which the 
paragraph 500 is written (and also the line 410 thereabove), 
which is not a typical characteristic of the letter "l", for 

15 example, and can therefore be used to relatively decrease the 
probability of that character being recognized. Alternatively 
or additionally, such a characteristic is the vertical extent of 
the editing stroke 508 in comparison to combined charac­
teristics of the proximate objects defining the geometrical 

20 relationship therebetween, such as, the mean, average and/or 
maximum line patterns of the elements of those objects ( e.g., 
base-line, center-line, top-line, ascender-line, descender­
line, matra-line, rukar-line, etc.). For example, the editing 
stroke 508 crosses the base-line of the strokes of the word 

25 506 (and also of the paragraph 500), which is not a typical 
characteristic of the letter "l", for example, and can therefore 
be used to relatively decrease the probability of that char­
acter being recognized. 

The application 112 may be configured to display the 
30 input editing stroke(s) as digital ink, either with a shape as, 

for example, shown in FIG. SA, or some other appropriate 
rendering until the recognized editing operation is per­
formed or may just perform the editing operation without 
such display. The display of the detected editing gesture may 

35 be used to provide recognition feedback to users with 
respect to recognition of the gesture itself and the relative 
location thereof. Otherwise, the eventual editing operation, 
e.g., the modified display shown in FIG. SB, may be used for 
such feedback. or stylus tip from the top to the bottom in the displayed 

position shown, for example. That is, the stroke start posi- 40 

tion is above the stroke end position, in time order, as 
depicted by the gradual thickening of the stroke from the top 

FIG. 6A shows a single line paragraph 600 of several 
words, "Break" 602, "a" 604 and "line" 606, as defined by 
the spaces therebetween, and a period 607 after the word 
606. An editing gesture 608 is detected as input as a 
top-to-bottom vertical line in a single stroke in the displayed 
position shown. The editing stroke 608 is detected by the 
HWR system 114 as passing between the words 602 and 

to the bottom. The editing stroke 508 is detected by the 
HWR system 114 as passing between characters/letters of 
the word 506, namely the "o" and the "r". This relative 45 

location of the editing stroke 508 to the (recognized) text 
500, e.g., within a word, provides one of the above-de­
scribed characteristics of the editing gesture 508 whereas the 
top-to-bottom writing direction provides another character-

604. Like the example of FIG. 5, this relative location of the 
editing stroke 608 to the (recognized) text 600, e.g., in a 
space between words, provides one of the above-described 

istic. 
Consideration of these characteristics alone may result in 

a determination that the editing gesture 508 is intended by 
the user to break or split the word 506 at the detected 
location. This recognition result is shown in FIG. SB in 
which the word 506 has been broken into two parts 506a and 
506b having a space between the "o" and "r". As can be 
seen, the features of the paragraph 500 are otherwise 
retained. However, such a simple editing gesture could be 
confused through the handwriting recognition as being an 
additionally input character, e.g., the letter "l", if the HWR 
system 114 allows the recognition of such overwritten 
characters. In the illustrated case, the probability of this 
recognition result of the character "l" would most likely be 
lower than the probability of the editing gesture, 'break', 
because the language model of the HWR system 114 would 
return a poor result for the word "wolrd", for example. 
However, the language model could provide a relatively 

50 characteristics of the editing gesture 608 whereas the top­
to-bottom writing direction provides another characteristic. 
Consideration of these characteristics alone may result in a 
determination that the editing gesture 608 is intended by the 
user to break or split the single line of the paragraph 600 at 

55 the detected location into two lines. This recognition result 
is shown in FIG. 6B in which the paragraph 600 has been 
broken into two lines 600a and 600b of text with the word 
602 on the original (first) line 410 of the paragraph 600 as 
the line 600a and the words 604 and 606 and period 607 on 

60 the next (second) line 410 directly beneath the first line 410 
of the paragraph 600 as the line 600b having a space 
between the word 602 and the word 604. As can be seen, the 
features of the paragraph 600 are otherwise retained. As 
described above in relation to FIG. 5, the consideration of 

65 additional characteristics, such as the vertical extent of the 
editing stroke 608 in comparison to the input environment of 
the page 400 and/or combined characteristics of the proxi-
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mate objects may be further used by the present system and 
method to further verify such a recognition result. 

18 

As discussed above in relation to FIG. 6, the paragraph 
600 is split over two lines with the provision of a space 
between the lines. Alternatively, however the split may be 5 

performed with the provision of a line break. The difference 
between these situations is that upon a change in the display 
conditions, such as responsive display ( e.g., the window size 

single stroke in the displayed position shown. The editing 
stroke 800 is detected by the HWR system 114 as passing 
between elements 422 and 424 on a line 426 of the para-
graph 416, being the period 422 and capitalized word 424. 
Like the examples of FIGS. 5 to 7, this relative location of 
the editing stroke 800 to the (recognized) paragraph 416, 
e.g., in a space between sentences, provides one of the 
above-described characteristics of the editing gesture 800 
whereas the top-to-bottom writing direction provides 
another characteristic. Consideration of these characteristics 
alone may result in a determination that the editing gesture 

of the UI for the application 112 or the aspect or screen size 
of the device 100 is changed) or further editing of the 10 

content or typesetting of the digital ink into typeset ink, the 
provision of a space between lines of a paragraph will allow 
reflow of the digital or typeset ink, e.g., words of paragraphs 

800 is intended by the user to break or split the paragraph 
416 at the detected location. Depending on context of this 
recognition and/or settings of the application 112, this rec­
ognition result may cause the provision of a space or a line 
break at the detected break position, as discussed above. The 

are flowed to adjacent lines to respect word spacing con­
vention, whereas the provision of a line break preserves the 15 

flow as input, such that reflow is not allowed across the 
broken lines. provision of either of these layout operations may cause 

different actions on other parts of the content. FIG. 7A shows an example in which a line break instead 
of space is provided upon the breaking of a line. In FIG. 7 A, 
a single line paragraph 700 of several words, "Break" 702, 
"a" 704, "longer" 705, and "line" 706, as defined by the 
spaces therebetween, and a period 707 after the word 706, 
has been input. An editing gesture 708 is detected as input 
as a top-to-bottom vertical line in a single stroke in the 
displayed position shown. The editing stroke 708 is detected 
by the HWR system 114 as passing between the words 702 
and 704. Like the example of FIG. 6, this relative location 
of the editing stroke 608 to the (recognized) text 700, e.g., 
in a space between words, provides one of the above­
described characteristics of the editing gesture 708 whereas 
the top-to-bottom writing direction provides another char­
acteristic. Consideration of these characteristics alone may 
result in a determination that the editing gesture 708 is 
intended by the user to break or split the single line of the 
paragraph 700 at the detected location into two lines. This 
recognition result is shown in FIG. 7B in which the para­
graph 700 has been broken into two lines 700a and 700b 
having a line break between the word 702 and the word 704, 
such that the word 702 remains on the original (first) line 
410 and the remaining words 704, 705 and 706 and the 
period 707 are moved the next (second) line 410 below the 
first line 410. As can be seen, the features of the paragraph 
700 are otherwise retained. As described above in relation to 
FIG. 6, the consideration of additional characteristics, such 
as the vertical extent of the editing stroke 708 in comparison 
to the input environment of the page 400 and/or combined 
characteristics of the proximate objects may be further used 
by the present system and method to further verify such a 
recognition result. 

The determination of whether to provide a space or line 
break in scenarios such as in FIGS. 6 and 7 could be 
provided through consideration of further characteristics of 
the input, such as the paragraph dimensions and/or gesture 
position, such as the overall width of the paragraph 600 
being reduced in FIG. 6 leading to a consideration that the 
user's intent was to input an additional object block next to 
the paragraph 600 (e.g., an image block), such that allow­
ance of reflow is appropriate, whereas in FIG. 7 the second 
line 410 is provided with more content than the first line 410 
after the breaking operation (see FIG. 7B) leading to the 
consideration that the user intended a layout change of the 
paragraph 700, such that a line break is appropriate. It is 
understood that additional and/or alternative characteristics 
may be used, and may be settable via the UI by users. 

FIG. 8 shows an example line break operation performed 
on the example input of FIG. 4. In FIG. 8, a break gesture 
800 is detected as input as a top-to-bottom vertical line in a 

For example, if the application 112 provides a line break 
20 in determination of the recognition result, which means that 

text reflow is not allowed, then any downstream content of 
the broken paragraph may similarly be non-reflowed during 
the break operation. This is shown in FIG. 8B in which the 
paragraph 416 has been broken so that the period 422 

25 remains on the original (first) line 410 (together with the 
preceding words) and the word 424 (and subsequent word 
428 and comma 430) is moved onto the subsequent (second) 
line 410 below as a new line 432 of the paragraph 416, with 
a line break (not shown) provided between the lines 426 and 

30 432. Consequently, the text of the paragraph 416 on the 
second line 410 (a line 434) in the original layout of the input 
400 shown in FIG. SA is moved to the next (third) line 410 
below the second line 410, with consequential and similar 
movement of all remaining lines of the paragraph 416 and 

35 the heading 418 and paragraph 420, as shown in FIG. 8B 
( e.g., it can be seen that a last line 436 of text of the 
paragraph 420 as displayed in FIG. SA is scrolled out of the 
display 104). 

On the other hand, if the application 112 provides a space 
40 in determination of the recognition result, which means that 

text reflow is allowed, then any downstream content of the 
broken paragraph may similarly be reflowable during the 
break operation. This is shown in FIG. SC in which the 
paragraph 416 has been split so that the period 422 remains 

45 on the first line 410 (together with the preceding words) and 
the word 424 (and subsequent word 428 and comma 430) is 
moved onto the second line 410 below, with a space (not 
shown) provided between the line 426 and the content on the 
second line 410. However, unlike the example of FIG. 8B, 

50 the moved content does not create a new line, instead this 
content (i.e., the words 424 and 428 and comma 430) is 
reflowed onto the next line 434 of the paragraph 416 with 
consequential reflow of some of the content originally in the 
line 434 onto the third line 410 (a line 438 of the paragraph 

55 416) and reflow of some of the content originally in the line 
438 to accommodate the reflowed upper content. As can be 
seen, no further reflow of the downstream content ( e.g., the 
heading 418 and paragraph 420) is required in this case, as 
the reflowed line 438 of the paragraph 416 accommodates 

60 the reflowed and original content. 
The above described examples illustrate the breaking of a 

line of text within a single- or multi-line paragraph using the 
described top-to-bottom single stroke break gesture. It is 
considered that this gesture is relatively intuitive to break 

65 elements of object blocks for the vertical flow scenario of the 
left-to-right language input illustrated in the examples. 
However, it is understood that a single stroke gesture in a 
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different direction, particularly with horizontal flow lan­
guages, multiple stroke gestures, such as a two stroke 
gesture tracing the line break or carriage return symbol, or 
non-directional gestures, such as a tap, can also be used. 
Similar break gestures can also be used in the context of 5 

breaking a paragraph rather than a line. 
FIG. 9A shows a multi-line paragraph 900 of several 

words, "Break" 902 in a first line 900a of the paragraph 900 
(on the first line 410) and "a" 904 and "paragraph" 906, and 
a period 907 after the word 906, in a second line 900b of the 10 

paragraph 900 (on the second line 410 directly beneath the 
first line 410), having a line break therebetween. An editing 
gesture 908 is detected at the line break of the line 900a 
(e.g., to the right of the word 902) or an editing gesture 910 

20 
e.g., at an end space, provides one of the above-described 
characteristics of the editing gesture 1008 or 1010 whereas 
the top-to-bottom writing direction provides another char-
acteristic. Consideration of these characteristics alone may 
result in a determination that the editing gesture 1008 or 
1010 is intended by the user to break or split the single 
paragraph 1000 at the detected location into two paragraphs. 
This recognition result is shown in FIG. l0B in which the 
paragraph 1000 has been broken into two single line para­
graphs 1012 and 1014 with the (first) paragraph 1012 
containing the words 1002 and 1003 of the original (first) 
line 1 000a of the paragraph 1000 ( on the original first line 
410) and the (second) paragraph 1014 containing the words 
1004 and 1006 and the period 1007 of the original (second) 
line 1000b of the paragraph 1000 on the next (third) line 410 
directly below the second line 410, such that the second line 
410 is now empty, and the end space of the line 1000a is 
replaced with a paragraph marker. Accordingly, a similar 
recognition result to that of the example of FIG. 9B is 

is detected at the beginning of the line 900b (e.g., to the left 15 

of the word 904), with either input as a top-to-bottom 
vertical line in a single stroke. In either case the editing 
stroke 908 or 910 is detected by the HWR system 114 as 
passing between the lines 900a and 900b of the paragraph 
900. 20 obtained. As described above in relation to FIG. 9, the 

consideration of additional characteristics, such as the ver­
tical extent of the editing strokes 1008 or 1010 in compari­
son to the input environment of the page 400 and/or com­
bined characteristics of the proximate objects may be further 

Like the examples of FIGS. 5 to 8, this relative location 
of the editing stroke 908 or 910 to the (recognized) text 900, 
e.g., at a line break, provides one of the above-described 
characteristics of the editing gesture 908 or 910 whereas the 
top-to-bottom writing direction provides another character­
istic. Consideration of these characteristics alone may result 
in a determination that the editing gesture 908 or 910 is 
intended by the user to break or split the single paragraph 
900 at the detected location into two paragraphs. This 
recognition result is shown in FIG. 9B in which the para­
graph 900 has been broken into two single line paragraphs 
912 and 914 with the (first) paragraph 912 containing the 
word 902 of the original (first) line 900a of the paragraph 
900 (on the original first line 410) and the (second) para­
graph 914 containing the words 904 and 906 and the period 
907 of the original (second) line 900b of the paragraph 900 
on the next (third) line 410 directly below the second line 
410, such that the second line 410 is now empty, e.g., free 

25 used by the present system and method to further verify such 
a recognition result. 

Further space between separate paragraphs, whether they 
have been formed by splitting a single paragraph as in the 
examples of FIGS. 9 and 10 or initially input in that manner, 

30 can be provided using similarly located break gestures. FIG. 
l0C shows the separate paragraphs 1012 and 1014 of FIG. 
l0B with the editing gesture 1008 detected at the paragraph 
marker after the word 1003 of the paragraph 1012 (e.g., to 
the right of the word 1003) or the editing gesture 1010 

of content between the lines of the paragraph 900, and the 
line break is replaced with a paragraph marker. As described 
above in relation to FIGS. 5 to 8, the consideration of 
additional characteristics, such as the vertical extent of the 
editing strokes 908 or 910 in comparison to the input 
environment of the page 400 and/or combined characteris-

35 detected at the beginning of the paragraph 1014 (e.g., to the 
left of the word 1004) or an editing gesture 1016 detected in 
the empty space between the paragraphs 1012 and 1014 (in 
the second line 410), with either of these gestures input as 
a top-to-bottom vertical line in a single stroke. In either case 

40 the editing stroke 1008, 1010 or 1016 is detected by the 
HWR system 114 as passing between the paragraphs 1012 
and 1014. 

tics of the proximate objects may be further used by the 45 

present system and method to further verify such a recog­
nition result. 

As discussed above in relation to FIG. 9, the multi-line 
paragraph 900 is split into two paragraphs over an existing 
line break. Such a split may also be performed over an 50 

existing space, as shown in FIG. 10. FIG. lOA shows a 
multi-line paragraph 1000 of several words, "Break" 1002 
and 'again' 1003 in a first line 1000a of the paragraph 1000 
(on the first line 410) and "a" 1004 and "paragraph" 1006, 
and a period 1007 after the word 1006, in a second line 55 

1000b of the paragraph 1000 (on the second line 410 directly 
beneath the first line 410), having a space therebetween. An 
editing gesture 1008 is detected at the space after the word 
1003 of the line 1000a (e.g., to the right of the word 1003) 

As for FIG. l0A, this relative location of the editing 
stroke 1008, 1010 or 1016 to the (recognized) text 1012 and 
1014, e.g., between the paragraphs, provides one of the 
above-described characteristics of the editing gesture 1008, 
1010 or 1016 whereas the top-to-bottom writing direction 
provides another characteristic. Consideration of these char­
acteristics alone may result in a determination that the 
editing gesture 1008, 1010 or 1016 is intended by the user 
to add a further space between the paragraph 1012 and 1014 
at the detected location. This recognition result is shown in 
FIG. l0D in which the (second) paragraph 1014 is moved to 
the next (fourth) line 410 directly below the third line 410, 
such that both the second and third lines 410 are now empty, 
and within the third line 410 a line break marker is recorded. 
The provision of this line break, which may be selectable 
through the application 112, can be used to provide control 
of movement of downstream content if content is added to 
the second or third lines 410, for example, e.g., if content is 
added to the second line, this is considered as content added 
to the paragraph 1012 such that the third line 410 is retained 
without movement of the paragraph 1014. As described 
above, the consideration of additional characteristics, such 

or an editing gesture 1010 is detected at the beginning of the 60 

line 1000b (e.g., to the left of the word 1004), with either 
input as a top-to-bottom vertical line in a single stroke. In 
either case the editing stroke 1008 or 1010 is detected by the 
HWR system 114 as passing between the lines 1000a and 
1000b of the paragraph 1000. 65 as the vertical extent of the editing strokes 1008, 1010 or 

1016 in comparison to the input environment of the page 400 
and/or combined characteristics of the proximate objects 

Like the example of FIG. 9, this relative location of the 
editing stroke 1008 or 1010 to the (recognized) text 1000, 
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may be further used by the present system and method to 
further verify such a recognition result. 

FIG. 11 shows an example space addition operation 
performed on the example input of FIG. 4. In FIG. 11, a 
space gesture 1100 is detected as input as a top-to-bottom 5 

vertical line in a single stroke in the displayed position 
shown. The editing stroke 1100 is detected by the HWR 
system 114 as passing between the paragraphs 416 and 418 
on the empty (first) line 410 therebetween and above the 
(second) line 410 on which the paragraph 418 is provided. 10 

Like the example of FIGS. l0C and l0D, this relative 
location of the editing stroke 1100 to the (recognized) 
paragraphs 416 and 418, e.g., in a space between the 
paragraphs, provides one of the above-described character- 15 
istics of the editing gesture 1100 whereas the top-to-bottom 
writing direction provides another characteristic. Consider­
ation of these characteristics alone may result in a determi­
nation that the editing gesture 1100 is intended by the user 
to add a further space between the paragraphs 416 and 418 20 

at the detected location. 
This recognition result is shown in FIG. 11B in which the 

paragraph 418 has been moved onto the subsequent (third) 
line 410 below the second line 410. Consequently, the 
paragraph 420 on the (fourth) line 410 below the third line 25 

410 in the original layout of the input 400 shown in FIG. 
llA is moved to the next (fifth) line 410 below the fourth 
line 410 (e.g., it can be seen that the last line 436 of text of 

22 
Consideration of these characteristics alone may result in 

a determination that the editing gesture 1208 is intended by 
the user to join the words 1204 and 1206 together or delete 
the space at the detected location, and as such the recogni­
tion result is as that shown in FIG. 12B in which the words 
1204 and 1206 have been joined into a new word 1209, 
namely at the "o" of the word 1204 and the "w" of the word 
1206. As can be seen, the features of the paragraph 1200 are 
otherwise retained. However, such a simple editing gesture 
could be confused through the handwriting recognition as 
being an additionally input character, e.g., the letter "l". In 
the illustrated case, the probability of this recognition result 
of the character "l" would perhaps likely be lower than the 
probability of the editing gesture, 'join', because the lan­
guage model the HWR system 114 would return a poor 
result for an "l" character written in the bottom-to-top stroke 
order, for example. However, the language model could 
provide a relatively similar probability for the word "twol­
words" if the input is an "l" or the word "twowords" if the 
input is the editing gesture, 'join', for example. Such rec­
ognition results depend on the language and context of input 
and as such recognition that is largely independent of such 
factors is preferred in order to provide a robust and widely 
applicable system and method. 

Accordingly, the consideration of additional characteris-
tics is made by the present system and method. Like with the 
top-to-bottom vertical editing gesture, such a characteristic 
is the vertical extent of the editing stroke 1208 in compari­
son to the input environment of the page 400. For example, the paragraph 420 as displayed in FIG. llA is scrolled out 

of the display 104). Depending on context ofthis recognition 
and/or settings of the application 112, this recognition result 
may cause the provision of a line break at the detected break 
position with the consequential actions on other parts of the 
content, as discussed above. 

30 the stroke 1208 crosses the line 410 on which the paragraph 
1200 is written (and also the line 410 thereabove), which is 
not a typical characteristic of the letter "l", for example, and 
can therefore be used to relatively decrease the probability 
of that character being recognized. Alternatively or addi-

The above described examples illustrate the breaking of a 
single- or multi-line paragraph into separate paragraphs or 
spacing of separate paragraphs using the described top-to­
bottom single stroke break or space gesture. It is considered 
that this gesture is relatively intuitive to break object blocks 
into separate blocks or to space object blocks for the vertical 
flow scenario of the left-to-right language input illustrated in 
the examples. However, it is understood that a single stroke 
gesture in a different direction, particularly with horizontal 
flow languages, multiple stroke gestures, such as a two 
stroke gesture tracing the line break or carriage return 
symbol, or non-directional gestures, such as a tap, can also 
be used. 

The afore-described editing gestures were for performing 
breaking, splitting or spacing operations in relation to hand­
written content. Other editing operations are also possible. 
FIG. 12A shows a single line paragraph 1200 of several 
words, "Join" 1202, "two" 1204 and "words" 1206, as 
defined by the spaces therebetween, and a period 1207 after 
the word 1206. An editing gesture 1208 is detected as input 
as a bottom-to-top vertical line in a single stroke by a user 
swiping their finger or stylus tip from the bottom to the top 

35 tionally, such a characteristic is the vertical extent of the 
editing stroke 1208 in comparison to combined character­
istics of the proximate objects defining the geometrical 
relationship therebetween, such as, the mean, average and/or 
maximum line patterns of the elements of those objects ( e.g., 

40 base-line, center-line, top-line, ascender-line, descender­
line, matra-line, rukar-line, etc.). For example, the editing 
stroke 1208 crosses the base-line of the strokes of the words 
1204 and 1206 (and also of the paragraph 1200), which is 
not a typical characteristic of the letter "l", for example, and 

45 can therefore be used to relatively decrease the probability 
of that character being recognized. 

The recognition of such a join or space delete gesture may 
be further enhanced by allowing or requiring a different 
gesture type. FIG. 12C shows the single line paragraph 1200 

50 with an editing gesture 1210 detected as input as a vertical 
zig-zag line in a single, multi-directional stroke by a user 
swiping their finger or stylus tip up and down several times 
in the displayed position shown, for example. The editing 
stroke 1210 is detected by the HWR system 114 as passing 

55 in the space between the words 1204 and 1206. This relative 
location of the editing stroke 1210 to the (recognized) text 
1200, e.g., in a space between words, provides one of the 
above-described characteristics of the editing gesture 1210 

in the displayed position shown, for example. That is, the 
stroke start position is below the stroke end position, in time 
order, as depicted by the gradual thickening of the stroke 
from the bottom to the top. The editing stroke 1208 is 60 

detected by the HWR system 114 as passing in the space 
between the words 1204 and 1206. This relative location of 

whereas the zig-zagging provides another characteristic. 
Consideration of these characteristics alone may result in 

a determination that the editing gesture 1210 is intended by 
the user to join the words 1204 and 1206 together or delete 
the space at the detected location, and as such the recogni­
tion result is as that shown in FIG. 12B. In this way, a 

the editing stroke 1208 to the (recognized) text 1200, e.g., in 
a space between words, provides one of the above-described 
characteristics of the editing gesture 1208 whereas the 
bottom-to-top writing direction provides another character-
istic. 

65 zig-zag or scratch-out gesture is used rather than the rela­
tively simple, unidirectional editing gesture described in 
relation to FIG. 12A. However, the zig-zag gesture 1210 
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could also be confused through the handwriting recognition 
as being an additionally input character, e.g., the letter "w". 

24 
lines 1300a and 1300b of the paragraph 900. This relative 
location of the editing strokes to the (recognized) text 1300, 
e.g., in a space between lines, provides one of the above-
described characteristics of the editing gestures whereas the 
bottom-to-top writing direction or zig-zagging provides 
another characteristic. 

In the illustrated case, the probability of this recognition 
result of the character "w" would perhaps likely be lower 
than the probability of the editing gesture, 'join', because the 5 

language model the HWR system 114 would return a poor 
result for a "w" character written with the depicted slant 
which is much different to the slant of the other characters 

Consideration of these characteristics alone may result in 
a determination that the editing gesture is intended by the 
user to join the lines 1300a and 1300b together or delete the 

10 space at the detected location, and as such the recognition 
result is as that shown in FIG. 13C in which the lines 1300a 

of the recognized text 1200, for example. However, the 
language model could provide a relatively similar probabil­
ity for the word "twowwords" if the input is a "w" or the 
word "twowords" if the input is the editing gesture, 'join', 
for example. Such recognition results depend on the lan­
guage and context of input and as such recognition that is 
largely independent of such factors is preferred in order to 15 

provide a robust and widely applicable system and method. 
Accordingly, the consideration of additional characteris-

tics is made by the present system and method. Like the 
bottom-to-top join or space delete gesture, such a charac­
teristic is the vertical extent of the editing stroke 1210 in 20 

comparison to the input environment of the page 400. For 
example, the stroke 1210 crosses the line 410 on which the 
paragraph 1200 is written, which is not a typical character­
istic of the letter "w", for example, and can therefore be used 
to relatively decrease the probability of that character being 25 

recognized. Alternatively or additionally, such a character­
istic is the vertical extent of the editing stroke 1210 in 
comparison to combined characteristics of the proximate 
objects defining the geometrical relationship therebetween, 
such as, the mean, average and/or maximum line patterns of 30 

the elements of those objects (e.g., base-line, center-line, 
top-line, ascender-line, descender-line, matra-line, rukar­
line, etc.). For example, the editing stroke 1210 crosses the 
base-line of the strokes of the words 1204 and 1206 (and 
also of the paragraph 1200), which is not a typical charac- 35 

teristic of the letter "w", for example, and can therefore be 
used to relatively decrease the probability of that character 
being recognized. 

The application 112 may be configured to display the 
input editing stroke(s) as digital ink, either with a shape as, 40 

for example, shown in FIG. 12A or FIG. 12C, or some other 
appropriate rendering until the recognized editing operation 
is performed or may just perform the editing operation 
without such display. The display of the detected editing 
gesture may be used to provide recognition feedback to 45 

users with respect to recognition of the gesture itself and the 
relative location thereof. Otherwise, the eventual editing 
operation, e.g., the modified display shown in FIG. 12B, 
may be used for such feedback. 

Similar join or space ( or line break) delete gestures can be 50 

used to join separate text lines of a paragraph. For example, 
FIG. 13A shows a multi-line paragraph 1300 of several 
words, "Join" 1302 and "two" 1304 in a first line 1300a of 
the paragraph 1300 (on the first line 410) and "lines" 1306, 
and a period 1307 after the word 1306, in a second line 55 

1300b of the paragraph 1300 (on the second line 410 directly 
beneath the first line 410), having a space therebetween. An 
editing gesture 1308 is detected at the end space of the line 
1300a (e.g., to the right of the word 1304) or an editing 
gesture 1310 is detected at the beginning of the line 1300b 60 

(e.g., to the left of the word 1306), with either input as a 
bottom-to-top vertical line in a single stroke. Similarly, in 
FIG. 13B an editing gesture 1312 detected as input as a 
vertical zig-zag line in a single, multi-directional stroke is 
detected at the end space of the line 1300a of the paragraph 65 

1300. In either case the editing stroke 1308, 1310 or 1312 is 
detected by the HWR system 114 as passing between the 

and 1300b have been joined into a new line 1314 containing 
all of the content of the paragraph 1300. A similar recogni­
tion result is obtained from the joining examples shown in 
FIGS. 13D and 13E, in which the bottom-to-top editing 
gesture 1308 or 1310 or the zig-zag gesture 1312 are used 
across a line break, instead of an end space between the two 
lines 1300a and 1300b of the paragraph 1300. 

FIG. 14 shows an example line join or space delete 
operation performed on the example recognition result of 
FIG. 8B, in which a line break (not shown) is provided 
between the lines 426 and 432 of the broken paragraph 416. 
In FIG. 14, a join gesture 1400 is detected as input as a 
bottom-to-top vertical line in a single stroke in the displayed 
position shown. The editing stroke 1400 is detected by the 
HWR system 114 as passing between the period 422 and the 
word 424 respectively on the lines 426 and 432 of the 
paragraph 416. Like the earlier examples, this relative 
location of the editing stroke 1400 to the (recognized) 
paragraph 416, e.g., on a line break between lines of a 
paragraph, provides one of the above-described character­
istics of the editing gesture 1400 whereas the bottom-to-top 
writing direction provides another characteristic. Consider­
ation of these characteristics alone may result in a determi­
nation that the editing gesture 1400 is intended by the user 
to join the lines 426 and 432 of the paragraph 416 at the 
detected location with removal of the line break therebe­
tween. Consequently, the word 424 (and the subsequent 
word 428 and comma 430) is moved onto the (first) line 410 
having the period 422 from the (second) line 410 directly 
below the first line 410, the text of the paragraph 416 on 
third and fourth lines 410 are moved to the second and third 
lines, respectively, and the heading 418 and paragraph 420 
are similarly moved up one line 410 each, such that the 
display returns to that of FIG. 4. 

The above described examples illustrate the joining of a 
line of text or deletion of space within a single- or multi-line 
paragraph using the described bottom-to-top single stroke 
join or delete space gesture or the zig-zag multi-directional 
single- or multi-stroke scratch-out gesture. It is considered 
that these gestures are relatively intuitive to join or to delete 
space between elements of object blocks for the vertical flow 
scenario of the left-to-right language input illustrated in the 
examples. However, it is understood that a single stroke 
gesture in a different direction, particularly with horizontal 
flow languages, multiple stroke gestures, or non-directional 
gestures, such as a tap, can also be used. Similar join or 
space ( or line break) delete gestures can be used to join or 
remove space (or line breaks) between separate paragraphs. 

FIG. 15A shows a (first) single line paragraph 1500 of one 
word, "Join" 1502 on the (first) line 410, the empty (second) 
line 410 directly under the first line 410, and a (second) 
single line paragraph 1503 of several words, "two" 1504 and 
"paragraphs" 1506, and a period 1507 after the word 1506, 
on the (third) line 410 directly under the second line 410. 
Any of an editing gesture 1508 at the end of the first 
paragraph 1500 ( e.g., to the right of the word 1502), an 
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editing gesture 1510 at the empty second line 410 between 
the paragraphs 1500 and 1503, and an editing gesture 1512 
at the beginning of the second paragraph 1503 ( e.g., to the 
left of the word 1504) are detected, with each input as a 
bottom-to-top vertical line in a single stroke. Similarly, in 5 

FIG. 15B an editing gesture 1514 detected as input as a 
vertical zig-zag line in a single, multi-directional stroke is 
detected at empty second line 410 between the paragraphs 
1500 and 1503. In either case the editing stroke 1508, 1510, 
1512 or 1514 is detected by the HWR system 114 as being 10 

between the first and second paragraphs 1500 and 1503. This 
relative location of the editing strokes to the (recognized) 
text 1500 and 1503, e.g., in an empty line between para­
graphs, provides one of the above-described characteristics 
of the editing gestures whereas the bottom-to-top writing 15 

direction or zig-zagging provides another characteristic. 
Consideration of these characteristics alone may result in 

a determination that the editing gesture is intended by the 
user to join the paragraphs 1500 and 1503 together at the 
detected location or delete the empty line therebetween, and 20 

as such the recognition result is as that shown in FIG. 15C 
in which the paragraphs 1500 and 1503 have been joined 
into a new (third) paragraph 1516 containing the content of 
the first paragraph 1500 and the word 1504 of the second 
paragraph 1503 in a first line 1516a (on the first line 410) 25 

and the word 1506 and period 1507 of the second paragraph 
1503 in a second line 1516b (on the second line 410), with 
a space therebetween (e.g., the end space of the line 1516a). 
As such, the content of the joined paragraphs is reflowed so 
as to produce a single paragraph, since this is considered to 30 

be the intent of the user in joining the paragraphs. Alterna­
tively however, a line break could be provided such that 
reflow does not occur. In that case, a similar recognition 
result is obtained as in the joining examples shown in FIGS. 
13D and 13E, in which the bottom-to-top editing gesture 35 

1508, 1510 or 1512 or the zig-zag gesture 1514 are used 
across a line break, instead of an end space between the 
paragraphs 1500 and 1503. 

Similar join or space ( or line break) delete gestures can be 
used to remove additional space (line breaks) between 40 

separate paragraphs. For example, FIG. 16A shows a (first) 
single line paragraph 1600 of several words, "Two" 1601 
and "paragraphs" 1602, and a period 1603 after the word 
1602, on the (first) line 410, two empty (second and third) 
lines 410 directly under the first line 410, with a line break 45 

on the third line 410 (similar to the example of FIG. l0D), 
and a (second) single line paragraph 1604 of several words, 
"Unspace" 1605 and "paragraphs" 1606, and a period 1607 
after the word 1606, on the (fourth) line 410 directly under 
the third line 410. Any of an editing gesture 1608 at the end 50 

of the first paragraph 1600 (e.g., to the right of the period 
1603), an editing gesture 1610 at the empty second line 410 

26 
user to remove one of the empty lines between the para­
graphs 1600 and 1604 at the detected location, and as such 
the recognition result is as that shown in FIG. 16B in which 
the second paragraph 1604 is moved onto the third line 410, 
with the consequential removal of the line break and char­
acteristics of the two paragraphs otherwise retained. 
Although, not specifically shown, it is understood that a 
similar recognition result can be obtained with detection of 
a scratch-out gesture between the paragraphs 1600 and 
1604. 

FIG. 17 A shows an example operation to delete an empty 
line between paragraphs performed on the example recog­
nition result of FIG. 11B. In FIG. 17 A, a space delete gesture 
1700 is detected as input as a bottom-to-top vertical line in 
a single stroke in the displayed position shown. The editing 
stroke 1700 is detected by the HWR system 114 as being at 
one of the two empty lines 410 (the third line 410) between 
the paragraphs 416 and 418. Like the earlier examples, this 
relative location of the editing stroke 1700 to the (recog­
nized) paragraphs 416 and 418, e.g., on an empty line 
between separate paragraphs, provides one of the above-
described characteristics of the editing gesture 1700 whereas 
the bottom-to-top writing direction provides another char­
acteristic. Consideration of these characteristics alone may 
result in a determination that the editing gesture 1700 is 
intended by the user to delete one of the empty lines 410 
between the paragraphs 416 and 418 at the detected location 
with removal of the line break (not shown) therebetween. 
Consequently, the heading 418 is moved onto the previously 
empty (third) line 410 and the paragraph 420 is consequen­
tially similarly moved up one line 410, such that the last line 
436 of the paragraph 420 reappears and the display returns 
to that of FIG. 4. 

FIG. 17B shows an example operation to join, or delete 
the remaining empty line between, the paragraphs 416 and 
418. In FIG. 17B, a join or space delete gesture 1702 is 
detected as input as a bottom-to-top vertical line in a single 
stroke in the displayed position shown. The editing stroke 
1702 is detected by the HWR system 114 as being at the 
empty line 410 (the second line 410) between the paragraphs 
416 and 418. Like the earlier examples, this relative location 
of the editing stroke 1702 to the (recognized) paragraphs 
416 and 418, e.g., on an empty line between separate 
paragraphs, provides one of the above-described character­
istics of the editing gesture 1702 whereas the bottom-to-top 
writing direction provides another characteristic. Consider-
ation of these characteristics alone may result in a determi­
nation that the editing gesture 1702 is intended by the user 
to join, or delete the empty line 410 between, the paragraphs 
416 and 418 at the detected location. 

This recognition result is shown in FIG. 17C in which the 
single word of the paragraph 418 is reflowed onto the last 
line 438 of the paragraph 416, e.g., after a period 440, to 
form a new paragraph 442. Consequentially, the paragraph 
420 is moved up two lines 410 (to the third line 410), leaving 
the empty (second) line 410 between the paragraphs 420 and 
442, similar to the recognition result example of FIG. 15C. 
Depending on context of this recognition and/or settings of 
the application 112, this recognition result may cause the 
provision of a line break at the detected join/delete position 
rather than reflow as in FIG. 17C. This alternative recogni-
tion result is shown in FIG. 17D in which the paragraph 418 
is moved onto the previously empty (second) line 410 
directly beneath the last line 438 of the paragraph 416 (on 

or an editing gesture 1612 at the empty third line 410 
between the paragraphs 1600 and 1604, and an editing 
gesture 1614 at the beginning of the second paragraph 1604 55 

( e.g., to the left of the word 1605) are detected, with each 
input as a bottom-to-top vertical line in a single stroke. The 
editing stroke 1608, 1610, 1612 or 1614 is detected by the 
HWR system 114 as being between the first and second 
paragraphs 1600 and 1604 separated by two empty lines 60 

410. This relative location of the editing strokes to the 
(recognized) text 1600 and 1604, e.g., in an empty line 
between paragraphs, provides one of the above-described 
characteristics of the editing gestures whereas the bottom­
to-top writing direction provides another characteristic. 65 the first line 410) to form a new paragraph 444 having the 

single word of the paragraph 418 on a new last line 446 with 
a line break (not shown) between the period 440 on the line 

Consideration of these characteristics alone may result in 
a determination that the editing gesture is intended by the 
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438 and the line 446. Consequentially, the paragraph 420 is 
moved up one line 410 (to the fourth line 410). 

28 
editing stroke 1812 is detected by the HWR system 114 as 
passing (substantially) over the (entire) character 1804a of 
the word 1804. This relative location of the editing strokes 
1810 and 1812 to the (recognized) text 1800, e.g., on a single 
character, provides one of the above-described characteris­
tics of the editing gestures 1810 and 1812 whereas the left 
to right and bottom-to-top writing direction of the editing 
gesture 1810 and the curly writing direction of the editing 
gesture 1812 each provide another characteristic. 

Consideration of these characteristics alone may result in 
a determination that the editing gestures 1810 and 1812 are 
each intended by the user to delete the character 1804a of the 
word 1804, and as such the recognition result is as that 
shown in FIG. 18B. The (slanted) bottom-to-top gesture 

The above described examples illustrate the joining of 
single- or multi-line paragraphs into a single paragraph or 
deletion of space between separate paragraphs using the 5 

described bottom-to-top single stroke join or delete space 
gesture or the zig-zag multi-directional single- or multi­
stroke scratch-out gesture. It is considered that these ges­
tures are relatively intuitive to join object blocks or to delete 
space between object blocks for the vertical flow scenario of 10 

the left-to-right language input illustrated in the examples. 
However, it is understood that a single stroke gesture in a 
different direction, particularly with horizontal flow lan­
guages, multiple stroke gestures, or non-directional gestures, 
such as a tap, can also be used. 15 1810 is considered as being relatively robust with respect to 

recognition by the HWR system 114 as a deletion gesture, 
for at least the reasons discussed earlier (e.g., with consid­
eration of the slant, crossing of base-line, good probability 

The afore-described editing gestures were for performing 
breaking, splitting or spacing operations and joining or 
space deletion operations in relation to handwritten content. 
Other editing operations are also possible. FIG. 18A shows 
a single line paragraph 1800 of several words, "Erase" 1802, 20 

"one" 1804 and "char" 1806, as defined by the spaces 
therebetween, and a period 1807 after the word 1806. An 
editing gesture 1808 is detected as input as a slanted zig-zag 
line in a single, multi-directional stroke by a user swiping 
their finger or stylus tip in a side-to-side slant several times 25 

in the displayed position shown, for example. The editing 
stroke 1808 is detected by the HWR system 114 as being 
(substantially) on or over a (entire) character, "e" 1804a, of 

of the word "on", etc.). Further, the (curly) bottom-to-top 
gesture 1810 is considered as being relatively robust with 
respect to recognition by the HWR system 114 as a "pig-tail" 
deletion gesture, for at least the reasons discussed earlier 
( e.g., with consideration of the slant, curled shape, good 
probability of the word "on", etc.). However, like the 
scratch-out gesture, a certain amount of precision may be 
required for use of such gestures so that more than one 
character is not erroneously deleted. 

The application 112 may be configured to display the 
input editing stroke(s) as digital ink, either with a shape as, 
for example, shown in FIG. 18A, 18B or 18C, or some other 
appropriate rendering until the recognized editing operation 

the word 1804. This relative location of the editing stroke 
1808 to the (recognized) text 1800, e.g., on a single char- 30 

acter, provides one of the above-described characteristics of 
the editing gesture 1808 whereas the zig-zagging provides 
another characteristic. 

Consideration of these characteristics alone may result in 
a determination that the editing gesture 1808 is intended by 
the user to delete the character 1804a of the word 1804, and 
as such the recognition result is as that shown in FIG. 18B 
in which the character 1804a is deleted leaving characters, 
"o" 1804b and "n" 1804c of the word 1804, forming a new 
word, "on" 1809. As can be seen, the features of the 
paragraph 1800 are otherwise retained. This (slanted) zig­
zag gesture 1808 is considered as being relatively robust 
with respect to recognition by the HWR system 114 as a 
scratch-out deletion gesture, for at least the reasons dis­
cussed earlier ( e.g., with consideration of the slant, crossing 
of base-line, higher probability of the word "on" than 
"onw", etc.). However, a certain amount of precision may be 
required for use of such a gesture so that more than one 
character is not erroneously deleted. Accordingly, alterna­
tive or additional gestures may be provided for such char­
acter deletion operations. 

FIG. 18C shows the single line paragraph 1800 with an 
editing gesture 1810 detected as input as a bottom-to-top 
slanted line in a single stroke by a user swiping their finger 
or stylus tip from the bottom to the top from left to right in 
a slanted direction, for example. That is, the stroke start 
position is below, and to the right of, the stroke end position, 

is performed or may just perform the editing operation 
without such display. The display of the detected editing 
gesture may be used to provide recognition feedback to 

35 users with respect to recognition of the gesture itself and the 
relative location thereof. Otherwise, the eventual editing 
operation, e.g., the modified display shown in FIG. 18B, 
may otherwise be used for such feedback. 

Similar deletion gestures can be used to delete multiple 
40 characters of a word. For example, FIG. 19A shows a 

multi-line paragraph 1900 of several words, "Erase" 1902 
and "several" 1904 in a first line 1900a of the paragraph 
1900 (on the first line 410) and "characters" 1906, and a 
period 1907 after the word 1906, in a second line 1900b of 

45 the paragraph 1900 (on the second line 410 directly beneath 
the first line 410), having a space therebetween. An editing 
gesture 1908 is detected (substantially) on or over a (entire) 
series of characters 1906a of the word 1906 input as a 
vertical zig-zag line in a single, multi-directional stroke. 

50 Similarly, in FIG. 19B an editing gesture 1910 detected as 
input as a left-to-right vertical line in a single stroke is 
detected (substantially) over the (entire) series of characters 
1906a of the word 1906. In either case the editing stroke 
1908 or 1910 is detected by the HWR system 114 as passing 

55 over the series of characters 1906a of the word 1906. This 

in time order, as depicted by the gradual thickening of the 
stroke from the bottom to the top and from left to right. FIG. 
18D shows the single line paragraph 1800 with an editing 60 

gesture 1812 detected as input as a bottom-to-top curly line 

relative location of the editing strokes to the (recognized) 
text 1900, e.g., on a series of characters, provides one of the 
above-described characteristics of the editing gestures 
whereas the zig-zagging or left-to-right (horizontal) writing 
direction provides another characteristic. 

Consideration of these characteristics alone may result in 
a determination that the editing gesture is intended by the 
user to delete the series of characters 1906a of the word 
1906, and as such the recognition result is as that shown in 
FIG. 19C in which the multiple characters 1906a are deleted 
leaving the series of characters, "char" 1906b, and the 
character, "s" 1906c of the word 1906, respectively forming 

in a single stroke by a user swiping their finger or stylus tip 
from the bottom to the top in a spiral to the right, for 
example. That is, the stroke start position is below, and to the 
left of, the stroke end position, in time order, as depicted by 65 

the gradual thickening of the stroke from the bottom to the 
top and from left to right. The editing stroke 1810 and the 
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two new words 1912 and 1914. As can be seen, the features 
of the paragraph 1900 are otherwise retained and the 
removed characters are replaced with space(s) rather than 
reflowing the character 1906c to join the characters 1906b in 

30 
2110 detected as input as a left-to-right horizontal line in a 
single stroke is detected (substantially) over the (entire) 
words 2104 and 2106 and the period 2107. In either case the 

the word 1906. This is done in this example because it is 5 

considered that the user intended to delete the multiple 
characters in order to add new characters. It is understood 
however that different considerations can be made or set, 
such as joining the remaining characters of the partially 
deleted word. 

editing stroke 2108 or 2110 is detected by the HWR system 
114 as passing over the words 2104 and 2106 and the period 
2107. This relative location of the editing strokes to the 
(recognized) text 2100, e.g., on a word, provides one of the 
above-described characteristics of the editing gestures 
whereas the zig-zagging or left-to-right (horizontal) writing 

10 direction provides another characteristic. 
The zig-zag gesture 1908 is considered as being relatively 

robust with respect to recognition by the HWR system 114 
as a scratch-out deletion gesture, for at least the reasons 
discussed earlier ( e.g., with consideration of the slant, cross­
ing of base-line, passage over several characters requiring 
less precision). Further, the horizontal gesture 1910 is con­
sidered as being relatively robust with respect to recognition 
by the HWR system 114 as a strike-through deletion gesture, 
as it passes over several characters requiring less precision, 
is a well known editing gesture for deletion, and has 
relatively low probability of being recognized as a character 
by the HWR system 114 in relation to the recognized text 
1900, since it is probably relatively too long to be a hyphen 
or dash character, for example. 

The application 112 may be configured to display the 
input editing stroke(s) as digital ink, either with a shape as, 
for example, shown in FIG. 19A or 19B, or some other 
appropriate rendering until the recognized editing operation 
is performed or may just perform the editing operation 
without such display. The display of the detected editing 
gesture may be used to provide recognition feedback to 
users with respect to recognition of the gesture itself and the 
relative location thereof. Otherwise, the eventual editing 
operation, e.g., the modified display shown in FIG. 19C, 
may be used for such feedback. 

Consideration of these characteristics alone may result in 
a determination that the editing gesture is intended by the 
user to delete the words 2104 and 2106 and the period 2107, 

15 and as such the recognition result is as that shown in FIG. 
21C in which the words 2104 and 2106 and the period 2107 
are deleted leaving the word 2102. 

Similar deletion gestures can be used to delete words from 
multi-line paragraphs. For example, FIG. 22A shows a 

20 multi-line paragraph 2200 of several words, "Erase" 2202 
and "several" 2203 in a first line 2200a of the paragraph 
2200 (on the first line 410) and "words" 2204, "at" 2205 and 
"once" 2206 defined by spaces therebetween and followed 
by a period 2207, in a second line 2200b of the paragraph 

25 2200 (on the second line 410 directly below the first line 
410), having a space therebetween. An editing gesture 2208 
is detected (substantially) on or over the (entire) words 2203, 
2205 and 2206 and the period 2207 input as a vertical 
zig-zag line in a single, multi-directional stroke. The editing 

30 stroke 2208 is detected by the HWR system 114 as passing 
over the words 2203, 2205 and 2206 and the period 2207. 
This relative location of the editing stroke to the (recog­
nized) text 2200, e.g., on several words on separate lines, 

35 
provides one of the above-described characteristics of the 
editing gestures whereas the zig-zagging provides another 
characteristic. 

Similar deletion gestures can be used to delete one or 
more words from a line (or paragraph). For example, FIG. 
20A shows a single-line paragraph 2000 of several words, 
"Erase" 2002, "one" 2004 and "word" 2006, defined by 
spaces therebetween and followed by a period 2007. An 40 

editing gesture 2008 is detected (substantially) on or over 

Consideration of these characteristics alone may result in 
a determination that the editing gesture is intended by the 
user to delete the words 2203, 2205 and 2206 and the period 
2207, and as such the recognition result is as that shown in 

the (entire) word 2006 and the period 2007 input as a vertical 
zig-zag line in a single, multi-directional stroke. Similarly, in 
FIG. 20B an editing gesture 2010 detected as input as a 
left-to-right horizontal line in a single stroke is detected 45 

(substantially) over the (entire) word 2006 and the period 
2007. In either case the editing stroke 2008 or 2010 is 
detected by the HWR system 114 as passing over the word 
2006 and the period 2007. This relative location of the 
editing strokes to the (recognized) text 2000, e.g., on a word, 50 

provides one of the above-described characteristics of the 
editing gestures whereas the zig-zagging or left-to-right 
(horizontal) writing direction provides another characteris-
tic. 

Consideration of these characteristics alone may result in 55 

a determination that the editing gesture is intended by the 
user to delete the word 2006 and the period 2007, and as 
such the recognition result is as that shown in FIG. 20C in 
which the word 2006 and the period 2007 are deleted leaving 

FIG. 22B in which the words 2203, 2205 and 2206 and the 
period 2207 are deleted leaving the words 2202 and 2204, on 
their respective lines 2200a and 2200b with a space ther­
ebetween. This is done in this example because it is con­
sidered that the user intended to delete the multiple words in 
order to add new words to the multi-line paragraph. It is 
understood however that different considerations can be 
made or set. For example, FIG. 22C shows an alternative 
recognition result in which the word 2204 is reflowed onto 
the first line 410 after the word 2202 with a space therebe-
tween forming a new single-line paragraph 2210. As before, 
the scratch-out and strike-through gestures are considered as 
being relatively robust for recognition. 

FIG. 23 shows an example operation to delete a word 
performed on the input example of FIG. 4. In FIG. 23A, a 
strike-through deletion gesture 2300 is detected as input as 
a left-to-right horizontal line in a single stroke in the 
displayed position shown. The editing stroke 2300 is 

the words 2002 and 2004. 
Further, FIG. 21A shows a single-line paragraph 2100 of 

several words, "Erase" 2102, "two" 2104 and "words" 2106, 
defined by spaces therebetween and followed by a period 
2107. An editing gesture 2108 is detected (substantially) on 
or over the (entire) words 2104 and 2106 and the period 
2107 input as a vertical zig-zag line in a single, multi­
directional stroke. Similarly, in FIG. 21B an editing gesture 

60 detected by the HWR system 114 as being (substantially) on 
or over a (entire) word 448 in the line 434 of the paragraph 
416. Like the earlier examples, this relative location of the 
editing stroke 2300 to the (recognized) paragraph 416, e.g., 
on a word of the paragraph, provides one of the above-

65 described characteristics of the editing gesture 2300 whereas 
the left-to-right (horizontal) writing direction provides 
another characteristic. Consideration of these characteristics 
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alone may result in a determination that the editing gesture 
2300 is intended by the user to delete the word 448 of the 
paragraph 416. 

32 
Consideration of these characteristics alone may result in 

a determination that the editing gesture is intended by the 
user to delete the second and third lines 2500b and 2500c 
( containing the series of words 2504 and 2506 and the period 
2507), and as such the recognition result is as that shown in 
FIG. 25C in which the second and third lines are omitted 
leaving the first line 2500a with the series of words 2502. As 
before, the scratch-out and slanted strike-through gestures 
are considered as being relatively robust for recognition. 

Similar deletion gestures can be used to delete one or 
more single- and/or multi-line paragraphs. For example, 
FIGS. 26A and 26B respectively show a multi-line para­
graph 2600 on which scratch-out and slanted strike-through 
deletion gestures 2602 and 2604, respectively, are input 

This recognition result is shown in FIG. 23B in which the 
word 446 is omitted with consequential reflow of the 5 

remaining words on the line 434 (to the left margin 404), 
reflow up of a word 450 from the line 438 to the line 434 
after the other (reflowed) words, and reflow of the remaining 
word and period on the line 438 (to the left margin 404). This 
reflow is performed as a space (not shown) was present 10 

between the lines 434 and 438. As can be seen, as content 
remains on the line 438 of the edited paragraph 416, the 
downstream content (i.e., paragraphs 418 and 420) is not 
moved. 15 (substantially) on or over the (entire) paragraph 2600 as 

detected by the HWR system 114 leading to the determina­
tion that each of the editing gestures is intended by the user 
to delete the entire paragraph 2600. Further, FIGS. 27 A and 

Similar deletion gestures can be used to delete one or 
more lines of text from multi-line paragraphs. For example, 
FIG. 24A shows a multi-line paragraph 2400 of several 
words, "Erase" 2402 and "one" 2403 in a first line 2400a of 
the paragraph 2400 (on the first line 410) and "line" 2404, 20 

"of' 2405 and "text" 2406 defined by spaces therebetween 
and followed by a period 2407, in a second line 2400b of the 
paragraph 2400 (on the second line 410 directly below the 
first line 410), having a space therebetween. An editing 
gesture 2408 is detected (substantially) on or over the 25 

(entire) line 2400b of the paragraph 2400, e.g., the words 
2404, 2405 and 2406 and the period 2407, input as a vertical 
zig-zag line in a single, multi-directional stroke. Similarly, in 
FIG. 24B an editing gesture 2410 detected as input as a 
left-to-right horizontal line in a single stroke is detected 30 

(substantially) over the (entire) line 2400b. In either case the 
editing stroke 2408 or 2410 is detected by the HWR system 
114 as passing over the line 2400b. This relative location of 
the editing stroke to the (recognized) text 2400, e.g., on all 
words on a line, provides one of the above-described char- 35 

acteristics of the editing gestures whereas the zig-zagging or 
left-to-right (horizontal) writing direction provides another 
characteristic. 

27B respectively show a multi-line paragraph 2700 and a 
single line paragraph 2701 ( e.g., separated by one empty one 
of the lines 410) on which scratch-out and slanted strike-
through deletion gestures 2702 and 2704, respectively, are 
input (substantially) on or over the (entire) paragraphs 2700 
and 2701 (and the empty line 410 therebetween) as detected 
by the HWR system 114 leading to the determination that 
each of the editing gestures is intended by the user to delete 
both of the paragraphs 2700 and 2701. 

The above described examples illustrate the deletion of 
single characters (letters, symbols, etc.) from words and 
lines of text, deletion of single or plural words from one or 
more lines of text, deletion of single or plural lines of text 
from one or more single- or multi-line paragraphs, and 
deletion of one or more single- or multi-line paragraphs 
using the described (relatively straight) bottom-to-top and 
left-to-right single slanted stroke deletion gesture, bottom­
to-top and left-to-right single curled stroke deletion gesture, 
left-to-right multi-direction single slanted stroke deletion 
gesture, and (relatively straight) left-to-right single horizon­
tal deletion gesture. It is considered that these gestures are Consideration of these characteristics alone may result in 

a determination that the editing gesture is intended by the 
user to delete the line 2400b ( containing the words 2404, 
2405 and 2406 and the period 2407), and as such the 
recognition result is as that shown in FIG. 24C in which the 
second line is omitted leaving the first line 2400a with the 
words 2402 and 2403. 

40 relatively intuitive to delete elements of object blocks or 
object blocks themselves for the vertical flow scenario of the 
left-to-right language input illustrated in the examples. 
However, it is understood that a single stroke gesture in 
different directions and form, particularly with horizontal 

Further, FIG. 25A shows a multi-line paragraph 2500 of 
several lines, a (first) line 2500a, a (second) line 2500b and 

45 flow languages, multiple stroke gestures, or non-directional 
gestures, such as a tap, can also be used. 

The afore-described editing gestures were for performing 
breaking, splitting, spacing, joining, and deletion operations 
in relation to handwritten content. Other editing operations 

a (third) line 2500c each respectively containing a series of 
words 2502, 2504 and 2506 defined by spaces therebetween 
and followed by a period 2507 in the third line 2500c, each 
having a space therebetween. An editing gesture 2508 is 
detected (substantially) on or over the (entire) first and 
second lines 2500b and 2500c of the paragraph 2500, e.g., 
the series of words 2504 and 2506 and the period 2507, input 

50 are also possible. FIG. 28 shows a multi-line paragraph 2800 
input as handwritten content to the input area 408 generally 
on the lines of the line pattern 410 and rendered as digital ink 
on the interface surface 104 of the device, for example. FIG. 
29 shows the paragraph 2800 of FIG. 28 with additional 

55 handwritten content input and rendered as digital ink 2900. as a vertical zig-zag line in a single, multi-directional stroke. 
Similarly, in FIG. 25B an editing gesture 2510 detected as 
input as a left-to-right and bottom-to-top (slanted) line in a 
single stroke is detected (substantially) over the (entire) first 
and second lines 2500b and 2500c of the paragraph 2500. In 
either case the editing stroke 2508 or 2510 is detected by the 60 

HWR system 114 as passing over both of the lines 2500b 
and 2500c. This relative location of the editing stroke to the 
(recognized) text 2500, e.g., on several words on separate 
lines, provides one of the above-described characteristics of 
the editing gestures whereas the zig-zagging or left-to-right/ 65 

bottom-to-top (slanted) writing direction provides another 
characteristic. 

The additional content 2900 includes an underline 2902 
written beneath plural words, "can" 2802 and "replace" 
2804 on a (first) line 2806 of the paragraph 2800 and an 
underline 2904 written beneath several words, "keyboard" 
2808 and "and" 2810 on the first line 2806 and a word 
"mouse" 2812 on a subsequent (second) line 2814 of the 
paragraph 2800. The additional content 2900 may be treated 
as content by the HWR system 114 through recognition of 
the content being underlines with respect to the recognized 
text of the paragraph 2800. The present system and method 
however provides a mechanism for such "content" to be 
considered as gestures for editing, as follows. 
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In the pen and paper context, users might use underlines, 
or other decorations such as double underlines, circles, 
ellipses, boxes, coloring, for a part(s) or a whole paragraph 

34 
as copy or cut and paste, or drag & drop or push & drop 
operations. Another issue that arises with the use of hand­
written gestures for editing of content, is that similar input 
may be provided for content itself, particularly if non-text 
input is supported. For example, a circle may be input by a 
user as a circle in a diagram or drawing. Accordingly, it is 
necessary for the application 112 to be able to distinguish 
between such events in order to determine and properly 
adhere to the users' intent. 

In available digital note taking applications, separate pens 
or styli are provided to enable explicit distinction of these 
events. For example, one pen may be used for text input and 
simple text editing, such as overwrite, strike-though, etc. on 

to emphasis certain text therein or the whole paragraph 
itself, or even sections of a document. Accordingly, as the 
application 112 of the present system and method renders 
handwritten input, particular the input of note taking, as 
digital ink and allows continued interaction (such as editing) 
with that digital ink as handwriting for document creation 
and sharing, the handwritten decorations are maintained as 10 

users have input them, or are beautified as described in detail 
later. This maintains the intent of the users in providing the 
decorations whilst the notes/documents are retained in the 
handwritten (digital ink) form. 

15 the digital ink, another pen is used for drawing or non-text 
input, and another pen is used for selection of content and 
complex content editing, such as decoration. The text, 
drawing and selection pens are provided with encoding or 
the like which is detectable by the device and application to 

The present system and method through the HWR system 
114 also provides a mechanism to digitize or convert the 
handwritten input through the typesetting or fontification of 
the digital ink into typeset ink. This function is particularly 
provided to allow the creation of at least near-final docu­
ments for communication and sharing, e.g., conversion of a 
handwritten note which has been edited and formatted in 
digital ink into a typeset document which could have been 
produced using keyboard ( and associated gesturing devices) 
alone. In such typeset documents however the use of deco­
rations like those in handwriting may not provide the same 
emphasizing effect or be suitable for a professional looking 
document outcome. Accordingly, the present system and 
method determines additional information to be applied to 
such decoration input. This is done, for example, so as to 
allow conversion of these decorations into style changes 
within the typeset documents and to assist in distinguishing 
between pure content and editing gestures. 

For example, FIG. 30 shows the result of typesetting the 
paragraph 2800 with the decoration 2900 of FIG. 29 into a 
typeset paragraph 3000. As can be seen, the application 112 
causes conversion of the digital ink underlines 2902 and 
2904 to a bold font for typeset ink versions of the associated 
words 2802, 2804, 2808, 2810 and 2812 of the paragraph 
2800. In this way, proper emphasis of the underlined words 
is retained in the typeset document thereby retaining the 
users' intent. It is understood the styling of bold font is only 
an example, and other fontification can be provided, as 
discussed later. Further, the original decoration style may 
also be maintained if suitable, e.g., with the underlines 2902 
and 2904 rendered as typeset underlines. Further, different 
decorations may be used to apply different styling ( discussed 
later). Such typesetting of input decorations or style changes 
may be settable via the UI of the application 112. 

20 differentiate the pens from one another. Alternatively, one or 
more of these pens may be provided with the ability to 
exhibit more than one of these attributes, through selection 
or switching, e.g., through pressing of a button on the pen. 
The Applicant has found however that users do not appre-

25 ciate having to use different hardware or to manipulate that 
hardware for special functions. 

The present system and method therefore enables all 
content and interaction input to be performed using a single 
input device, such as a user's finger/hand or stylus, without 

30 function selection thus handling content, decoration and 
selection with a single tool. The application 112 differenti­
ates between these to determine user intent. This is done by 
initially treating all suitable input recognized as probable 
decoration input as decoration by default and all input 

35 recognized as non-text input as non-text by default. The 
recognition of non-text is provided by the recognition sys­
tem implemented by the present system and method, for 
example, in the manner described in U.S. patent application 
Ser. No. 14/955,155 titled "System and Method of Hand-

40 writing Recognition in Diagrams" filed in the name of the 
present Applicant and Assignee, the entire content of which 
is incorporated by reference herein. 

With respect to the default decoration classification, if 
subsequent or further (with a suitable time delay of about 

45 one to three strokes and/or about 50 ms to about 500 ms) 
interaction with the content determined to be associated with 

In order to properly recognize the decoration input and the 
association of that input with the content ( e.g., digital ink 50 

words, paragraphs), the HWR system 114 detects the geo­
metrical and spatial relationships between the existing (rec­
ognized) content and newly input (probable) decoration 
input. Decorations such as shapes, underlines, etc., are easily 
recognized from the various models of the HWR system 55 

114, in particular the language model. The associations are 
determined through the relative locations of such recognized 
decorations and proximate content in relation to the type of 
decoration recognized. For example, an underline is a gen­
erally horizontal line, generally underneath one or more 60 

characters, words or lines of a paragraph, where the under­
line is related to those elements which it is under. 

the recognized decoration is detected by the application 112, 
the treatment is changed to that of selection input. For 
example, when input is detected and recognized as a circle 
about one or more words, the circle is classified as a 
decoration by the HWR system 114, such that whatever 
styling or editing has been set or is settable for circle 
decoration is to be applied upon typesetting. Then if a 
gesture, such as a single or multi-point gesture (e.g., a tap or 
double tap) is detected as the next input on or about the circle 
and/or the words surrounded thereby, the input is treated as 
a selection and the decoration classification is removed by 
the application 112. Alternatively, if the next input is further 
content written or other gesture in a non-associated part of 
the content, the decoration classification is retained. Manual 
designation of such gesture input may also be provided, e.g., 
through the UI, for users. 

An issue that arises with the use of handwritten gestures 
for editing of content, is that similar gestures may be 
provided for content selection and application control. For 65 

example, circling content, e.g., one or more words, could be 
intended by a user to select that content for interaction, such 

A further issue that arises with the use of handwritten 
gestures to provide decoration of digital ink content which 
is editable, is the proper rendering of the decorations when 
editing or change of device orientation, window size display 
or device display occurs which triggers re-display of the 
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digital ink content, such as with reflow and paragraph 
resizing, etc. This is described in detail below. 

FIG. 31A shows the paragraph 2800 with the decoration 
2900 of FIG. 29. An editing gesture 3100 is detected as input 
as a top-to-bottom vertical line in a single stroke in the 5 

displayed position shown. The editing stroke 3100 is 
detected by the HWR system 114 as passing between the 
words 2808 and 2810. Like the example of FIG. 6, this 
relative location of the editing stroke 3100 to the (recog­
nized) text 2800 and decoration 2900, e.g., in a space 10 

between words, results in a determination that the editing 
gesture 3100 is intended by the user to break or split the first 
line 2806 of the paragraph 2800 at the detected location into 
two lines. This recognition result is shown in FIG. 31B in 15 
which the word 2810 is moved to the second line 2814, with 
consequential movement of the word 2812 onto a subse­
quent (third) line 2816 of the paragraph 2800 and movement 
of downstream content onto the next lines. This is done 
because the paragraph 2800 has a line break (not shown) 20 

between the lines 2814 and 2816. Alternatively, the split 
word 2810 may be reflowed onto the line 2814 with con­
sequential reflow of the word 2812 on that line 2814. In 
either case, since the words 2808, 2810 and 2812 are 
associated with the underline 2904 editing of the underline 25 

2904 is also required. 
The underline 2904 is actually input in two sections or 

portions, a (first) portion 2904a on the line 2806 and a 
(second) portion 2904b on the line 2814. The underline 
portion 2904b is simply moved along with the associated 30 

word 2812, as shown in FIG. 31B. However, the underline 
portion 2904a is associated with both of the words 2808 and 
2810 and is therefore broken by the editing gesture 3100. 
Accordingly, the underline portion 2904a is segmented (for 
example by the segmenter of the HWR system 114) into a 35 

(first) segment 3102 and a (second) segment 3104. The first 
segment 3102 contains all of the digital ink of the underline 
portion 2904a to the left of the location at which the editing 
gesture 3100 crosses the underline portion 2904a, and is 
therefore retained on the line 2806 of the paragraph 2800, 40 

with retention of the relative position to the word 2808. The 
second segment 3104 contains all of the digital ink of the 
underline portion 2904a to the right of the location at which 
the editing gesture 3100 crosses the underline portion 
2904a, and is therefore moved onto the line 2814 of the 45 

paragraph 2800, with retention of the relative position to the 
word 2810. 

36 
An alternative operation is to re-scale the digital ink rather 

than cut. However, such rescaling could also cause issues 
with the resultant scaled digital ink being too small or too 
large, or imperfections in the handwriting being emphasized. 
A possible process for scaling digital ink in a sensible 
fashion is described in U.S. patent application Ser. No. 
14/955,174 titled "System and Method for Handwritten 
Diagram Connectors" filed in the name of the present 
Applicant and Assignee, the entire content of which is 
incorporated by reference herein. 

The present system and method further provides an inter­
mediary step between the digital ink and full fontification 
into typeset ink. This intermediary step is beautification. In 
the beautification process the application 112 and/or HWR 
system 114 determines extremum, average and mean char­
acteristics of the digital ink and applies smoothing and 
normalization similar to the preprocessing 116 of the HWR 
system 114. The result is beautified digital ink which retains 
the 'raw' quality of handwriting with increased legibility and 
regularity. Such beautification may be a selectable setting of 
the application 112. With respect to the above discussed 
issues with editing the 'raw' digital ink of decorations, the 
present system and method is able to apply beautification to 
the decorations, either together with the digital ink content 
or individually, to minimize the noted issues. This is 
because, the beautified decorations are regular by nature, 
and so can be cut, resized, scaled, etc., in controllable, 
known and expected ways. Examples of editing operations 
on beautified decorations are now described. 

FIG. 32 shows the paragraph 2800 as depicted in FIG. 29 
but with the decoration 2900 rendered in beautified digital 
ink decoration 3200. Accordingly, the underline 2902 is 
converted into a 'near' typeset underline 3202 and the 
underline 2904 is converted into a 'near' typeset underline 
3204, in the associated portions 3204a and 3204b. Alterna­
tively, the beautified version may be of full typeset quality. 
For the present example, i.e., relatively thin underlines, the 
difference between these versions may be marginal. How­
ever, for more stylistic decorations, such as two-dimensional 
shapes with sketch-like strokes, the beautified digital ink is 
considered to more closely reflect the intended handwritten 
form of the document for continued working prior to final­
izing as a fully digitized document. 

FIG. 33A shows the paragraph 2800 with the decoration 
3200 of FIG. 32. An editing gesture 3300 is detected as input 
as a top-to-bottom vertical line in a single stroke in the 
displayed position shown. The editing stroke 3300 is 
detected by the HWR system 114 as passing between the 
words 2802 and 2804. Like the example of FIG. 31A, this 

As can be seen, the resultant display of the first segment 
3102 of the underline portion 2904a may not be completely 
satisfactory to the user, since the underline now projects past 
the underlined word 2808. In the present example, this may 
not be overly problematic, but it can be understood that 
situations may arise when the segmented decoration is not 
satisfactorily displayed, examples of which are described 
later. It is possible to configure the segmentation of the 
decoration so as to omit parts of the digital ink so that the 
edited display is more satisfactory. For example, the first 
segment 3102 could be 'cut' so that the right most extent 
does not project past the last character of the underlined 
word 2808. However, the proper extent of such omission 
may be difficult to ascertain and apply in a general manner 
to different types of content and decoration. This is particu­
larly the case when the handwriting rendered as the digital 

50 relative location of the editing stroke 3300 to the (recog­
nized) text 2800 and decoration 3200, e.g., in a space 
between words, results in a determination that the editing 
gesture 3300 is intended by the user to break or split the first 
line 2806 of the paragraph 2800 at the detected location into 

ink is not very neat, e.g., it is sketchy, wobbly, wavy, etc., 
such that cutting the digital ink in an arbitrary position which 
is not related to the form of the digital ink itself, could cause 
issues with the legibility of the resultant edited digital ink. 

55 two lines. This recognition result is shown in FIG. 33B in 
which the word 2804 is moved to the second line 2814, with 
consequential movement of the remaining words of the first 
line 2806 onto the second line 2814 (including the words 
2808 and 2810 and a (first) portion 3204a of the underline 

60 3204) and reflow of the word 2812 on that line 2814. This 
reflow is shown to illustrate the alternative to the line break 
operation result of FIG. 31B. As can be seen the other parts 
of the paragraph 2800 remain the same. 

This editing operation results in re-rendering of both of 
65 the underlines 3202 and 3204 as follows. The underline 

3202 is segmented (for example by the segmenter of the 
HWR system 114) into a (first) segment 3302 and a (second) 
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segment 3304. The first segment 3302 contains the beauti­
fied digital ink of the underline 3202 to the left of the 
location at which the editing gesture 3300 crosses the 
underline 3202 contained to and beneath the word 2802 
only. That is, the beautified digital ink of the underline 3202 5 

from the right most character extent of the word 2802 to the 
location at which the editing gesture 3300 crosses the 
underline 3202 is omitted. This is a simpler process for the 
beautified digital ink than the 'raw' digital ink, as discussed 
above, as the beautified digital ink has an reasonably invari- 10 

ant rendering along the length of the underline, and so can 
be cut at an arbitrary position without loss of quality or 
meaning. The second segment 3304 contains the beautified 
digital ink of the underline 3202 to the right of the location 
at which the editing gesture 3300 crosses the underline 3202. 15 

For the underline 3204, the first portion 3204a and the 
second portion 3204b, are joined on the line 2814 of the 
paragraph 2800 to form a new beautified digital ink under­
line 3306 of the combined length of the first and second 
portions 3204a and 3204b and relative position to the words 20 

2808, 2810 and 2812. This is a simpler process for the 
beautified digital ink than it would be for the 'raw' digital 
ink, as the beautified digital ink has an reasonably invariant 
rendering along the length of the underline, and so can be 
joined at an arbitrary position without loss of quality or 25 

meaning, whereas the underline portions 2904a and 2904b 
of the 'raw' digital ink underline 2904 may require signifi­
cant adjustment to allow joining, which may not be suitably 
applied in a general fashion. 

As can be seen, the resultant display in FIG. 33B retains 30 

clear indication of the original decorations on the content. 
FIG. 34 shows the result of typesetting the paragraph 2800 
with the decoration 3300 of FIG. 33B into a typeset para­
graph 3400. As can be seen, the application 112 causes 
conversion of the beautified digital ink underlines 3302, 35 

3304 and 3306 to a bold font for typeset ink versions of the 
associated words 2802, 2804, 2808, 2810 and 2812 of the 
paragraph 2800, in a manner similar to that of the example 
of FIG. 30. In this way, proper emphasis of the underlined 
words is retained in the typeset document thereby retaining 40 

the users' intent. 
The provision of the beautified decorations can also assist 

in the sensible re-display of the decorated content upon other 
editing operations. FIG. 35A shows the paragraph 2800 with 
the decoration 3200 of FIG. 32. An editing gesture 3500 is 45 

detected as input as a left-to-right horizontal line in a single 
stroke in the displayed position shown. The editing stroke 
3500 is detected by the HWR system 114 as passing (sub­
stantially) on or over the (entire) word 2810. Like the 
example of FIG. 20B, this relative location of the editing 50 

stroke 3500 to the (recognized) text 2800 and decoration 
3200, e.g., over a word, results in a determination that the 
editing gesture 3500 is intended by the user to delete the 
word 2810 from the paragraph 2800. This recognition result 
is shown in FIG. 35B in which the word 2810 is omitted. 55 

38 
line portion 3204a may be retained if it is considered that the 
deletion operation was intended by the user for the insertion 
of new content in place thereof, which would retain the 
underlining. 

Further, FIG. 35C shows the paragraph 2800 with the 
modified decoration 3200 of FIG. 35B. The input offurther 
handwritten content is detected as input to the right of the 
( decorated) word 2808 on the line 2806 of the paragraph 
2800, and is displayed as digital ink content 3504 having 
been recognized by the HWR system 114 as the words 
"and/or". As the new content is detected as positioned 
between the decorated words 2808 and 2812, this editing 
operation results in re-rendering of the underline 3504 as 
follows. 

The underline 3504, which is beneath the word 2808 in 
FIG. 35C, is extended from its rightmost extent to the 
rightmost extent underneath the added content 3504 so as to 
form a new beautified digital ink underline 3506, as shown 
in FIG. 35D. As can be seen the other parts of the paragraph 
2800 remain the same. This is a simpler process for the 
beautified digital ink than the 'raw' digital ink, for at least 
the reasons discussed above. In the alternative, the under­
lining may be retained without extension underneath the 
new content, whereby if the intent of the user was to have 
the new content similarly underlined, new decoration input 
could be made, at which point the application 112 would 
likely join the new underlining with the underline 3504 to 
form the new underline 3506. 

The above-described decoration examples are in relation 
to a relative simple form of decoration, namely underlining, 
with a single line in a single stroke. As discussed earlier, 
more complex forms of decoration are possible, including 
two-dimensional decoration such as circles, ellipses, boxes, 
which surround or are proximate the handwritten content. 

FIG. 36 shows a single line paragraph 3600 of several 
words, "Break" 3602, "a" 3604 and "line" 3606, as defined 
by the spaces therebetween, and a period 3607 after the word 
3606, similar to FIG. 6A. However, unlike FIG. 6A, a 
hand-drawn or -written decoration 3608 is detected by the 
HWR system 114 as located around the words 3602, 3604 
and 3606, and the period 3607, is recognized as an ellipse 
and rendered in 'raw' digital ink, for example. FIG. 37A 
shows an editing gesture 3700 detected as input as a top­
to-bottom vertical line in a single stroke in the displayed 
position shown. The editing stroke 3700 is detected by the 
HWR system 114 as passing between the words 3602 and 
3604. Like the example of FIG. 6, this relative location of 
the editing stroke 3700 to the (recognized) text 3600, e.g., in 
a space between words, provides one of the above-described 
characteristics of the editing gesture 3700 whereas the 
top-to-bottom writing direction provides another character-
istic. 

Consideration of these characteristics alone may result in 
a determination that the editing gesture 3700 is intended by 
the user to break or split the single line of the paragraph 3600 
at the detected location into two lines. This recognition 
result is shown in FIG. 37B in which the paragraph 3600 has 
been broken into two lines 3600a and 3600b of text with the 
word 3602 on the original (first) line 410 of the paragraph 

60 3600 as the line 3600a and the words 3604 and 3606 and 

This editing operation results in re-rendering of the under­
line 3204 as follows. The underline portion 3204a, which is 
beneath the word 2810 in FIG. 35A, is segmented (for 
example by the segmenter of the HWR system 114) into a 
segment 3502 which contains the beautified digital ink of the 
underline 3204 contained to and beneath the word 2808 
only. That is, the beautified digital ink of the underline 3204 
from the right most character extent of the word 2808 is 
omitted. As can be seen the other parts of the paragraph 2800 
remain the same. This is a simpler process for the beautified 65 

digital ink than the 'raw' digital ink, for at least the reasons 
discussed above. In the alternative, the whole of the under-

period 3607 on the next (second) line 410 directly beneath 
the first line 410 of the paragraph 3600 as the line 3600b 
having a space between the word 3602 and the word 3604. 
As can be seen, the features of the paragraph 3600 are 
otherwise retained. As described above in relation to FIG. 6, 
the consideration of additional characteristics, such as the 
vertical extent of the editing stroke 3700 in comparison to 
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the input environment of the page 400 and/or combined 
characteristics of the proximate objects may be further used 
by the present system and method to further verify such a 
recognition result. In any case, since the single line is split 
into two lines editing of the associated ellipse 3608 is also 5 

required so that the decoration continues to surround all of 

40 
provided after the moved word 2822 on the line 2826. 
Alternatively, the recognition result as shown in FIG. 40C 
may be performed in which the word 2822 is moved onto the 
second line 2826, with consequential reflow of the content 
on the second line 2826. In either case, since the words 2818, 
2820 and 2822 are associated with the ellipse 3900 editing 
of the decoration 3900 is also required so that the decoration 
continues to surround all of the (previously surrounded) 
content. This is also shown in FIGS. 40B and 40C, where the 

the (previously surrounded) content. This is shown in FIG. 
37B in which the ellipse is re-sized and/or scaled into a new 
'raw' digital ink decoration 3702 to surround the edited or 
re-displayed content of the paragraph 3600. 10 ellipse is duplicated and re-sized and/or scaled into a new 

'raw' digital ink decoration 3902 to surround the words 2818 
and 2820 of the paragraph 2800 and a new 'raw' digital ink 
decoration 3904 to surround the word 2822 of the paragraph 
2800. 

As can be seen, the resultant display of the decoration 
3702 may not be completely satisfactory to the user, as it is 
quite different to the original decoration 3608. In the present 
example, this may not be overly problematic, but it can be 
understood that situations may arise when the re-sized 15 

decoration is not satisfactorily displayed, examples of which 
are described later. It is possible to configure the re-sizing or 
scaling of the decoration so that the resultant scaled digital 
ink is not too small or too large, or emphasizes imperfections 
in the handwriting, as discussed earlier with the incorporated 20 

by reference U.S. patent application Ser. No. 14/955,174 
titled "System and Method for Handwritten Diagram Con-
nectars". 

As can be seen, the resultant display of the (split) deco­
ration 3902 and 3904 may not be completely satisfactory to 
the user, as it is quite different to the original decoration 
3900, such as it not being clear that all of the circled content 
is to be treated the same for subsequent styling, for example. 
Accordingly, as with the one-dimensional decorations 
described above, e.g., underlines, the two-dimensional deco-
rations may also be beautified by the application 112 and/or 
HWR system 114 determining extremum, average and/or 
mean characteristics of the digital ink and applying smooth-FIG. 38 shows the result of typesetting the paragraph 

3600 with the decoration 3702 of FIG. 37B into a typeset 
paragraph 3800. As can be seen, the application 112 causes 
conversion of the digital ink ellipse 3702 to a bold font for 
typeset ink versions of the associated content 3602 to 3607 

25 ing and normalization similar to the preprocessing 116 of the 
HWR system 114. 

FIG. 41 shows the single line paragraph 3600 of FIG. 36. 
However, unlike FIG. 36, a beautified digital ink version of 
the hand-drawn or -written decoration 3608 is rendered by of the paragraph 3600. In this way, proper emphasis of the 

decorated (circled) content is retained in the typeset docu­
ment thereby retaining the users' intent. It is understood the 
styling of bold font is only an example, and font changes or 
other fontification or styling can be provided, as discussed 
later. Further, different decorations may be used to apply 
different styling ( discussed later). Such typesetting of input 
decorations or style changes may be settable via the UI of 
the application 112. 

30 the application 112 and/or the HWR system 114 into a 'near' 
typeset ellipse 4100 located around the words 3602, 3604 
and 3606, and the period 3607. FIG. 42A shows an editing 
gesture 4200 detected as input as a top-to-bottom vertical 
line in a single stroke in the displayed position shown. The 

FIG. 39 shows the paragraph 2800 of FIG. 28 with 
additional handwritten content input and rendered as digital 

35 editing stroke 4200 is detected by the HWR system 114 as 
passing between the words 3602 and 3604. Like the example 
of FIG. 37A, this relative location of the editing stroke 4200 
to the (recognized) text 3600, e.g., in a space between words, 
provides one of the above-described characteristics of the 

40 editing gesture 4200 whereas the top-to-bottom writing 
direction provides another characteristic. 

ink 3900. The additional content 3900 includes a ellipse 
written to surround plural words, "documents" 2818, "with" 
2820, and "clean" 2822 on a (first) line 2824 of the para­
graph 2800. The additional content 3900 may be treated as 
content by the HWR system 114 through recognition of the 
content being a non-text element, e.g., an ellipse, with 
respect to the recognized text of the paragraph 2800. How­
ever, as discussed above the present system and method 
provides a mechanism for such "content" to be considered as 
further gestures for editing, such as the styling of the 
decorated content to be different than the styling of the 50 

non-decorated content in the typeset ( or beautified) version 

Consideration of these characteristics alone may result in 
a determination that the editing gesture 4200 is intended by 
the user to break or split the single line of the paragraph 3600 

45 at the detected location into two lines. This recognition 
result is shown in FIG. 42B in which the paragraph 3600 has 
been broken into two lines 3600a and 3600b of text with the 
word 3602 on the original (first) line 410 of the paragraph 
3600 as the line 3600a and the words 3604 and 3606 and 

of the content. 
FIG. 40A shows the paragraph 2800 with the decoration 

3900 of FIG. 39. An editing gesture 4000 is detected as input 
as a top-to-bottom vertical line in a single stroke in the 55 

displayed position shown. The editing stroke 4000 is 
detected by the HWR system 114 as passing between the 
words 2820 and 2822. Like the example of FIG. 31, this 
relative location of the editing stroke 4000 to the (recog­
nized) text 2800 and decoration 3900, e.g., in a space 60 

between words, results in a determination that the editing 
gesture 4000 is intended by the user to break or split the first 
line 2824 of the paragraph 2800 at the detected location into 
two lines. This recognition result is shown in FIG. 40B in 
which the word 2822 is moved to a (second) line 2826, with 65 

consequential movement of the content on the second line 
2826 to a subsequent line 410. In this way, a line break is 

period 3607 on the next (second) line 410 directly beneath 
the first line 410 of the paragraph 3600 as the line 3600b 
having a space between the word 3602 and the word 3604. 
As can be seen, the features of the paragraph 3600 are 
otherwise retained. As described above in relation to FIG. 
37, the consideration of additional characteristics, such as 
the vertical extent of the editing stroke 4200 in comparison 
to the input environment of the page 400 and/or combined 
characteristics of the proximate objects may be further used 
by the present system and method to further verify such a 
recognition result. In any case, since the single line is split 
into two lines editing of the associated ellipse 4100 is also 
required so that the decoration continues to surround all of 
the (previously surrounded) content. This is shown in FIG. 
42B in which the ellipse is re-sized and/or scaled into a new 
beautified decoration 4202 to surround the edited or re­
displayed content of the paragraph 3600. As can be seen, the 
beautified decoration 4202 is not resized to surround the 
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content only, but retains the original size. This does not have 
to be done however, and resizing can occur. The non­
resizing can assist however for the subsequent inclusion of 
further input into the decorated portion if this is considered 
the intent of the user for the splitting operation, for example. 

42 

The provision of such beautified two-dimensional deco­
rations can assist in the sensible re-display of the content 
upon an editing operation. For example, FIG. 43 shows the 
content of FIG. 39 but with the digital ink ellipse 3900 
rendered as a beautified digital ink ellipse 4300 surrounding 
the words 2818, 2820 and 2822 on the first line 2824 of the 
paragraph 2800. FIG. 44 shows the recognition result of 
FIG. 40B but with the duplicated and re-sized and/or scaled 
'raw' digital ink decorations 3902 and 3904 rendered as a 
beautified digital ink ellipse 4400 surrounding the words 
2818, 2820 and 2822 on the first and second lines 2824 and 
2826 of the paragraph 2800. In this way, the line break 
provided after the moved word 2822 on the line 2826 and the 
'extended' beautified digital ink decoration 4400 retains 
clarity that all of the circled content is to be treated the same 
for subsequent styling, for example. 

heading 412) yet larger ( compared to other sections of the 
content) and italic font to provide section or sub-section 
headings in response to the underline decoration for the 
isolated single line paragraphs represented by the headings 
414 and 418, and the underlined content 452 and 454 of the 
paragraph 416 is rendered in bold font in response to the 
underline decoration for body paragraph content. These 
applied styles are only examples, and other styling types are 
possible, such as further hierarchical heading styles, color-

IO ing of text and/or background, etc. 
Since different decoration types may be provided for 

different typesetting outcomes, such as different stylings, 
and since the present system and method is directed to 

15 providing as much interaction as possible with the content 
using handwritten input of content and gestures, the ability 
to change or edit the decorations themselves may be pro­
vided through further handwritten input. For example, over­
writing or appending a decoration with a different decoration 

Similar editing operations on beautified decorations can 

20 changes the original decoration, e.g., an underline decora­
tion to apply a header 3 style to a paragraph is appended with 
a second underline to create a double underline decoration to 
apply header 2 style. For example, overwriting or appending be carried out to reduce the size of the decoration, rather than 

extend. For example, FIG. 45A shows a multi-line paragraph 
4500 surrounded by a beautified decoration 4502 and for 25 

which a word 4504 is deleted by a detected editing gesture 
4506. The recognition result of the deletion is shown in FIG. 
45B in which the word 4504 is omitted with consequential 
reflow of the downstream content such that the paragraph 
4500 becomes a single line paragraph and the beautified 30 

decoration 4502 is reduced in size to only surround the 
content of the now single line paragraph 4500. 

FIG. 46 shows an example decoration of the example 
input of FIG. 4. In FIG. 46, further input handwriting is 
detected with the resultant display of the heading 412 35 

surrounded by a 'raw' digital ink ellipse 4600, the heading 
414 underlined by a 'raw' digital ink underline 4602, words 
452 and 454 of the paragraph 416 underlined by a 'raw' 
digital ink underline 4604, and the heading 418 underlined 
by a 'raw' digital ink underline 4606. FIG. 47 shows the 40 

example decoration of FIG. 46 rendered as beautified digital 
ink. That is, in FIG. 47, the 'raw' digital ink ellipse 4600 is 
rendered as a beautified digital ink ellipse 4700, the 'raw' 
digital ink underline 4602 is rendered as a beautified digital 
ink underline 4702, the 'raw' digital ink underline 4604 is 45 

rendered as a beautified digital ink underline 4704, and the 
'raw' digital ink underline 4606 is rendered as a beautified 
digital ink underline 4706, with the beautified forms having 
the substantially same extents as the non-beautified forms. 

As discussed earlier, such decorations may be considered 50 

by the application and/or HWR system 114, as indicating 
certain styling changes when the digital ink content is 
converted to typeset ink. This styling application is per­
formed irrespective of the display of raw or beautified digital 
ink prior to the conversion. FIG. 48 shows the content of 55 

FIGS. 46 and 47 after typesetting. This can be performed for 
example in response to detection of a gesture, such as a 
single- or multi-point gesture, e.g., a tap or double tap, in a 
specified location or any location of the page 400 and/or the 
interface surface 104 of the device 100. As can be seen, in 60 

response to the different decorations in the different content 
areas of the page 400, the typesetted style is different for 
different levels of the content. For example, the heading 412 
is rendered in large ( compared to other sections of the 
content) and bold font to provide a document or section 65 

heading in response to the circle decoration, the headings 
414 and 418 are rendered in smaller (compared to section 

a decoration with a different decoration cancels all decora­
tion, e.g., an underline from left to right provides a decora­
tion and overwriting with an underline from right to left 
cancels the decoration, like a "backspace". For example, 
overwriting or appending a decoration with an editing 
gesture changes or deletes the decoration, e.g., a scratch-out 
(substantially or partially) over a decoration removes the 
decoration, but not the content associated therewith. 

The present system and method provide an application 
which allows users, such as students, academic and working 
professionals, to take handwritten notes, such as during 
lectures, meetings and brainstorming sessions, on their com­
puting devices in a meaningful and shareable format akin to 
word processed documents. The present system and method 
further allow natural writing to be input since the writing is 
made on (ruled) lines, and paragraphs and other layout 
elements are respected responsive to orientation (i.e., por-
trait or landscape) and device display capacity. Further 
interaction with the handwritten or typeset text, or non-text 
content, created in a note, such as editing the content, 
manipulating the layout of the notes, or converting or adding 
the notes into a document, can be performed directly within 
the application itself without the need to import the note into 
a separate document processing application. As such, the 
original layout of the handwritten notes is maintained, as is 
the actual input handwriting itself, the digital ink. Accord­
ingly, annotations, decorations, special layout, etc. is main-
tained for easy comprehension of the notes taken. 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ­
ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart-
ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
details, exhibits, and illustrated examples in this description. 
It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 
concepts disclosed herein. 
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We claim: 
1. A system for editing digital documents on computing 

devices, each computing device comprising a processor and 
at least one non-transitory computer readable medium for 
recognizing handwriting input under control of the proces­
sor, the processor configured to: 

44 
ing geometric features of the one or more strokes of the 
handwriting input with respect to the displayed text of 
the previously processed handwriting content, and 4) 
considering a language of the displayed text of the 
previously processed handwriting content; and 

displaying, on the display interface, second digital ink in 
accordance with the handwriting input. process a handwriting input, wherein the handwriting 

input can represent handwriting content to be added to 
displayed text of previously processed handwriting 
content or an editing gesture for enacting control on the 
displayed text of the previously processed handwriting 
content; 

8. The method of claim 7, wherein the second digital ink 
is different than the first digital ink. 

10 9. The method of claim 7, wherein the second digital ink 
is a normalized version of the first digital ink. 

cause display of, on a display interface of a computing 
device, first digital ink in accordance with document 
content; 

10. The method of claim 7, comprising re-displaying, on 
the display interface, the document content as a third digital 

15 ink based on the detected editing gestures. 

determine whether one or more strokes of the handwriting 
input correspond to i) the handwriting content to be 
added to the displayed text of the previously processed 
handwriting content or ii) one or more editing gestures 

11. The method of claim 10, wherein the third digital ink 
is different than the first and second digital ink. 

12. The method of claim 11, wherein the third digital ink 
is typeset version of the first digital ink. 

13. A non-transitory computer readable medium having a 
computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 
implement a method for recognizing input of editing hand­
writing to a computing device, the computing device com-

for enacting control on the displayed text of the previ- 20 

ously processed handwriting content by 1) determining 
characteristics of the handwriting input, 2) determining 
context of the handwriting input by evaluating a loca­
tion of the one or more strokes of the handwriting input 
relative to the displayed text of the previously pro­
cessed handwriting content, 3) comparing geometric 
features of the one or more strokes of the handwriting 
input with respect to the displayed text of the previ­
ously processed handwriting content, and 4) consider-

25 prising a processor and at least one system non-transitory 
computer readable medium for recognizing the input under 
control of the processor, the method comprising: 

ing a language of the displayed text of the previously 30 

processed handwriting content; and 
cause display of, on the display interface, second digital 

ink in accordance with the handwriting input. 
2. The system of claim 1, wherein the second digital ink 

is different than the first digital ink. 
3. The system of claim 1, wherein the second digital ink 

is a normalized version of the first digital ink. 
4. The system of claim 1, wherein the processor is 

configured to cause re-display of, on the display interface, 

35 

the document content as a third digital ink based on the 40 

detected editing gestures. 
5. The system of claim 4, wherein the third digital ink is 

different than the first and second digital ink. 
6. The system of claim 5, wherein the third digital ink is 

typeset version of the first digital ink. 
7. A method for editing digital documents on computing 

devices, each computing device comprising a processor and 
at least one non-transitory computer readable medium for 
recognizing handwriting input under control of the proces­
sor, the method comprising: 

processing a handwriting input, wherein the handwriting 
input can represent handwriting content or an editing 
gesture for enacting control on previously processed 
handwriting content; 

45 

50 

displaying, on a display interface of a computing device, 55 

first digital ink in accordance with document content; 

processing a handwriting input, wherein the handwriting 
input can represent handwriting content or an editing 
gesture for enacting control on previously processed 
handwriting content; 

displaying, on a display interface of a computing device, 
first digital ink in accordance with document content; 

determining whether one or more strokes of the hand­
writing input correspond to i) the handwriting content 
to be added to the displayed text of the previously 
processed handwriting content or ii) one or more edit­
ing gestures for enacting control on the displayed text 
of the previously processed handwriting content by 1) 
determining characteristics of the handwriting input, 2) 
determining context of the handwriting input by evalu-
ating a location of the one or more strokes of the 
handwriting input relative to the displayed text of the 
previously processed handwriting content, 3) compar­
ing geometric features of the one or more strokes of the 
handwriting input with respect to the displayed text of 
the previously processed handwriting content, and 4) 
considering a language of the displayed text of the 
previously processed handwriting content; and 

displaying, on the display interface, second digital ink in 
accordance with the handwriting input. 

14. The non-transitory computer readable medium of 
claim 13, wherein the second digital ink is different than the 
first digital ink. 

15. The non-transitory computer readable medium of 
claim 13, wherein the second digital ink is a normalized 
version of the first digital ink. determining whether one or more strokes of the hand­

writing input correspond to i) the handwriting content 
to be added to the displayed text of the previously 
processed handwriting content or ii) one or more edit­
ing gestures for enacting control on the displayed text 

16. The non-transitory computer readable medium of 
claim 13, comprising re-displaying, on the display interface, 

60 the document content as a third digital ink based on the 
detected editing gestures. 

of the previously processed handwriting content by 1) 
determining characteristics of the handwriting input, 2) 
determining context of the handwriting input by evalu­
ating a location of the one or more strokes of the 65 

handwriting input relative to the displayed text of the 
previously processed handwriting content, 3) compar-

17. The non-transitory computer readable medium of 
claim 16, wherein the third digital ink is different than the 
first and second digital ink. 

18. The non-transitory computer readable medium of 
claim 17, wherein the third digital ink is typeset version of 
the first digital ink. 
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19. The system of claim 1, wherein the editing gesture 
corresponding to a single multi-directional stroke including 
erasing two or more lines of text. 

* * * * * 

46 
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SYSTEM AND METHOD FOR BEAUTIFYING 
DIGITAL INK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to European Application 
No. 15 290 303.5 filed on Dec. 8, 2015, the entire contents 
of which is incorporated herein. 

2 

TECHNICAL FIELD 

display. This is because, unlike typed or 'typeset ink' text 
which has characters relatively located in a uniform and 
known manner, the characters of the digital ink text are not 
uniform or in relatively known positions, generally due to 
the irregularity inherent in handwriting. Accordingly, con­
ventional systems and methods typically only allow further 
interaction to be made on the typeset ink rendered from the 
recognized text, which is generally done at a different 
position of the display from the area where input is allowed. 

10 It is desired by users however to be able to interact 
directly with the handwriting as well, such as to edit the 
input (e.g., add or delete characters or words), so that the 
creative flow of handwriting input is maintained. Some 

The present description relates generally to the field of 
handwriting recognition systems and methods using com­
puting device interfaces. The present description relates 
more specifically to systems and methods for beautifying 
digital ink rendered from handwriting input to such com­
puting device interfaces and providing editing of the digital 
ink on the computing device interfaces. 

15 available applications provide alignment and scaling of the 
digital ink through normalization and the like. However, 
these do not take into account certain geometrical features of 
the handwriting and therefore the scaling and aligning is not 
properly performed to allow full interaction or faithful 

BACKGROUND 

Computing devices continue to become more ubiquitous 

20 reproduction of the original digital ink. Further, they do not 
use recognition to provide these operations, and as such do 
not provide interaction capabilities within the input signal. 
Accordingly, editing operations can only be performed at the 
word level, and not at the character level, for example. to daily life. They take the form of computer desktops, 

laptop computers, tablet computers, hybrid computers (2-in- 25 

ls), e-book readers, mobile phones, smartphones, wearable 
computers (including smartwatches, smart glasses/head­
sets), global positioning system (GPS) units, enterprise 
digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 30 

being incorporated into vehicles and equipment, such as 
cars, trucks, farm equipment, manufacturing equipment, 
building environment control (e.g., lighting, HVAC), and 
home and commercial appliances. 

Computing devices generally consist of at least one 35 

processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 
variety of computing devices and their subsequent uses 
necessitate a variety of interfaces and input devices. One 
such input device is a touch sensitive surface such as a touch 40 

screen or touch pad wherein user input is received through 
contact between the user's finger or an instrument such as a 
pen or stylus and the touch sensitive surface. Another input 
device is an input surface that senses gestures made by a user 
above the input surface. A further input device is a position 45 

detection system which detects the relative position of either 
touch or non-touch interactions with a non-touch physical or 
virtual surface. Any of these methods of input can be used 
generally for drawing or inputting text. When user input is 
text the user's handwriting is interpreted using a handwriting 50 

recognition system or method. 
One application of handwriting recognition in non-por­

table and portable computing devices, such as smartphones, 
phablets and tablets, is for the input of text into various 
applications run by the computing devices in a manner 55 

similar to that traditionally done with keyboard, either 
physical or virtual. However, unlike keyboard input which is 
governed by strict layout rules, such as text entry on visible 
or invisible lines in accordance with the position of a 
displayed cursor, handwriting can be input virtually any- 60 

where on the input surface of the device. While this sub­
stantially unconstrained input has some effect on the recog­
nition accuracy of the handwriting, currently available 
advanced recognition algorithms are generally able to deal 
with such relatively 'free' positioning of textual characters. 65 

Of more effect is a user's ability to interact with the input 
once it has been rendered as so-called 'digital ink' on the 

SUMMARY 

The examples of the present invention that are described 
herein below provide systems and methods for beautifying 
and providing editing of digital ink on computing devices. 

In one example, the present invention includes a system 
for beautifying digital ink on computing devices. Each 
computing device may include a processor and at least one 
non-transitory computer readable medium for recognizing 
handwriting input under control of the processor. The non­
transitory computer readable medium may be configured to 
cause display of, on a display interface of a computing 
device, first digital ink in accordance with the handwriting 
input, determine, from first geometrical information of the 
handwriting input determined through the recognition of the 
handwriting input and second geometrical information of an 
alignment structure of the display interface, a structuring 
transformation of the first digital ink, and cause display of, 
on the display interface, second digital ink in accordance 
with the structuring transformation. 

The structuring transformation may be determined from at 
least two comparisons of the first and second geometrical 
information. The at least two comparisons may provide first 
and second ratio values of the first and second geometrical 
information and the structuring transformation is determined 
from the minimum of the first and second ratio values. 

The structuring transformation may scale the first digital 
ink to produce the second digital ink. The structuring 
transformation may align the first digital ink with the 
alignment structure to produce the second digital ink. The 
alignment structure may be a line pattern. 

In another example, the present invention includes a 
method for beautifying digital ink on computing devices. 
Each computing device may include a processor and at least 
one non-transitory computer readable medium for recogniz­
ing handwriting input under control of the processor. The 
method may include the steps of displaying, on a display 
interface of a computing device, first digital ink in accor­
dance with the handwriting input, determining, from geo­
metrical information of the handwriting input determined 
through the recognition of the handwriting input, a struc­
turing transformation of the first digital ink, and displaying, 
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on the display interface, second digital ink in accordance 
with the structuring transformation. 

The method may determine the structuring transformation 
from at least two comparisons of the first and second 
geometrical information. The at least two comparisons may 
provide first and second ratio values of the first and second 
geometrical information and the method may determine the 
structuring transformation from the minimum of the first and 
second ratio values. 

The structuring transformation may scale the first digital 10 

ink to produce the second digital ink. The structuring 
transformation may align the first digital ink with the 
aligmnent structure to produce the second digital ink. The 
aligmnent structure may be a line pattern. 

In another example, the present invention includes a 15 

non-transitory computer readable medium having a com­
puter readable program code embodied therein. The com­
puter readable program code may be adapted to be executed 
to implement a method for beautifying digital ink on a 
computing device. The computing device may include a 20 

processor and at least one system non-transitory computer 
readable medium for recognizing handwriting input under 
control of the processor. The method may include the steps 
of displaying, on a display interface of a computing device, 
first digital ink in accordance with the handwriting input, 25 

determining, from geometrical information of the handwrit-

4 
determined range of the second character within the region 
of overlap in accordance with the comparison. The geo­
metrical features may include height and width of the 
determined ranges. 

In another example, the present invention includes a 
method for providing editing of digital ink on computing 
devices. Each computing device may include a processor 
and at least one non-transitory computer readable medium 
for recognizing handwriting input under control of the 
processor. The method may include the steps of displaying, 
on a display interface of a computing device, digital ink in 
accordance with the handwriting input, determining, from 
segmentation information of the handwriting input deter-
mined through the recognition of the handwriting input, 
ranges of elements of the digital ink, and displaying, on the 
display interface, an editing cursor in relation to the deter­
mined digital ink element ranges. 

The elements of the digital ink may include text charac­
ters and the method may display the input cursor at a 
position between first and second characters in relation to 
the determined ranges of the first and second characters. 

The determined ranges of the first and second characters 
may overlap, and the method may compare geometrical 
features of the determined ranges of the first and second 
characters, and display the input cursor on a border of the 
determined range of the first character or the determined 
range of the second character within the region of overlap in 
accordance with the comparison. The geometrical features 

ing input determined through the recognition of the hand­
writing input, a structuring transformation of the first digital 
ink, and displaying, on the display interface, second digital 
ink in accordance with the structuring transformation. 30 may include height and width of the determined ranges. 

The method may determine the structuring transformation 
from at least two comparisons of the first and second 
geometrical information. The at least two comparisons may 
provide first and second ratio values of the first and second 
geometrical information and the method may determine the 35 

structuring transformation from the minimum of the first and 
second ratio values. 

The structuring transformation may scale the first digital 
ink to produce the second digital ink. The structuring 
transformation may align the first digital ink with the 40 

aligmnent structure to produce the second digital ink. The 
aligmnent structure may be a line pattern. 

In another example, the present invention includes a 
system for providing editing of digital ink on computing 
devices. Each computing device may include a processor 45 

and at least one non-transitory computer readable medium 
for recognizing handwriting input under control of the 
processor. The non-transitory computer readable medium 
may be configured to cause display of, on a display interface 
of a computing device, digital ink in accordance with the 50 

handwriting input, determine, from segmentation informa­
tion of the handwriting input determined through the rec­
ognition of the handwriting input, ranges of elements of the 
digital ink, and cause display of, on the display interface, an 
input cursor in relation to the determined digital ink element 55 

ranges. 
The elements of the digital ink may include text charac­

ters and the at least one non-transitory computer readable 
medium may be configured to display the input cursor at a 
position between first and second characters in relation to 60 

the determined ranges of the first and second characters. 
The determined ranges of the first and second characters 

may overlap, and the at least one non-transitory computer 
readable medium may be configured to compare geometrical 
features of the determined ranges of the first and second 65 

characters, and cause the display of the input cursor on a 
border of the determined range of the first character or the 

In another example, the present invention includes a 
non-transitory computer readable medium having a com­
puter readable program code embodied therein. The com­
puter readable program code may be adapted to be executed 
to implement a method for providing editing of digital ink on 
a computing device. The computing device may include a 
processor and at least one system non-transitory computer 
readable medium for recognizing handwriting input under 
control of the processor. The method may include the steps 
of displaying, on a display interface of a computing device, 
digital ink in accordance with the handwriting input, deter­
mining, from segmentation information of the handwriting 
input determined through the recognition of the handwriting 
input, ranges of elements of the digital ink, and displaying, 
on the display interface, an editing cursor in relation to the 
determined digital ink element ranges. 

The elements of the digital ink may include text charac­
ters and the method may display the input cursor at a 
position between first and second characters in relation to 
the determined ranges of the first and second characters. 

The determined ranges of the first and second characters 
may overlap, and the method may compare geometrical 
features of the determined ranges of the first and second 
characters, and display the input cursor on a border of the 
determined range of the first character or the determined 
range of the second character within the region of overlap in 
accordance with the comparison. The geometrical features 
may include height and width of the determined ranges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present system and method will be more fully under­
stood from the following detailed description of the 
examples thereof, taken together with the drawings. In the 
drawings like reference numerals depict like elements. In the 
drawings: 
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FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system and 
method; 

FIG. 2 shows a block diagram of a system for handwriting 
recognition in accordance with an example of the present 
system and method; 

FIG. 3 shows a block diagram illustrating detail of the 
handwriting recognition system of FIG. 2 in accordance 
with an example of the present system and method; 

FIG. 4 shows a schematic view of an example visual 10 

rendering of an ink input area on a portion of an input 
surface of the computing device; 

FIG. 5 shows the example input area of FIG. 4 having 
example handwritten input rendered as digital ink; 

FIG. 6 shows the example digital ink of FIG. 5 with 15 

geometrical information provided by the handwriting rec­
ognition system; 

6 
present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo­
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid unnecessarily 
obscuring aspects of the present teachings. 

Reference to and discussion of directional features such as 
up, down, above, below, lowest, highest, horizontal, vertical, 
etc., are made with respect to the Cartesian coordinate 
system as applied to the input surface on which the input to 
be recognized is made. Further, terms such as left and right 
are made in relation to the reader's frame of reference when 
viewing the drawings. Furthermore, the use of the term 
'text' in the present description is understood as encompass­
ing all alphanumeric characters, and strings thereof, in any 
written language and common place non-alphanumeric char­
acters, e.g., symbols, used in written text. Further still, the 
examples shown in these drawings are in a left-to-right 
written language context, and therefore any reference to 
positions can be adapted for written languages having dif-

FIG. 7 shows the example input area of FIG. 4 with 
geometrical information provided by the handwriting rec­
ognition system; 20 ferent directional formats. 

FIG. 8 shows example beautified digital ink rendered on 
a line pattern; 

FIG. 9 shows the example input area of FIG. 4 having 
example handwritten input rendered as digital ink; 

FIG. 10 shows the example digital ink of FIG. 9 with 25 

geometrical information provided by the handwriting rec­
ognition system; 

FIG. 11 shows the example beautified digital ink of FIG. 
8 with a cursor; 

FIG. 12 shows the example digital ink of FIG. 5 with 30 

character bounding boxes determined from character seg­
mentation of the example handwritten input provided by the 
handwriting recognition system; 

The various technologies described herein generally 
relate to capture, processing and management of hand­
drawn and handwritten content on portable and non-portable 
computing devices in a manner which retains the inputted 
style of the content while allowing conversion to a faithful 
typeset or beautified version of that content. The systems 
and methods described herein may utilize recognition of 
users' natural writing and drawing styles input to a com­
puting device via an input surface, such as a touch sensitive 
screen, connected to, or of, the computing device or via an 
input device, such as a digital pen or mouse, connected to the 
computing device or via a physical or virtual surface moni­
tored by a position detection system. Whilst the various 
examples are described with respect to recognition ofhand-FIG. 13 shows the example input area of FIG. 4 having 

example handwritten input rendered as digital ink; 
FIG. 14 shows the example digital ink of FIG. 13 with 

character bounding boxes determined from character seg­
mentation of the example handwritten input provided by the 
handwriting recognition system; 

35 writing input using so-called online recognition techniques, 
it is understood that application is possible to other forms of 
input for recognition, such as ofl.line recognition in which 
images rather than digital ink are recognized. The terms 

FIG. 15 shows example beautified digital ink rendered on 40 

the line pattern; 
FIG. 16 shows the example beautified digital ink of FIG. 

15 with character bounding boxes determined from charac-

hand-drawing and handwriting are used interchangeably 
herein to define the creation of digital content by users 
through use of their hands either directly onto a digital or 
digitally connected medium or via an input tool, such as a 
hand-held stylus. The term "hand" is used herein to provide 
concise description of the input techniques, however the use ter segmentation of the example handwritten input provided 

by the handwriting recognition system; 
FIG. 17A shows a first example cursor position for 

non-overlapping characters of the example beautified digital 

45 of other parts of a users' body for similar input is included 
in this definition, such as foot, mouth and eye. 

ink of FIG. 15; 
FIG. 17B shows a second example cursor position for 

non-overlapping characters of the example beautified digital 50 

ink of FIG. 15; 
FIG. 17C shows a third example cursor position for 

non-overlapping characters of the example beautified digital 
ink of FIG. 15; 

FIG. 18A shows a fourth example cursor position for 55 

overlapping characters of the example beautified digital ink 
of FIG. 15; and 

FIG. 1 shows a block diagram of an example computing 
device 100. The computing device may be a computer 
desktop, laptop computer, tablet computer, e-book reader, 
mobile phone, smartphone, wearable computer, digital 
watch, interactive whiteboard, global positioning system 
(GPS) unit, enterprise digital assistant (EDA), personal 
digital assistant (PDA), game console, or the like. The 
computing device 100 includes components of at least one 
processing element, some form of memory and input and/or 
output (I/0) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 
lines, buses, cables, buffers, electromagnetic links, net­
works, modems, transducers, IR ports, antennas, or others 

FIG. 18B shows a fifth example cursor position for 
overlapping characters of the example beautified digital ink 
of FIG. 15. 60 known to those of ordinary skill in the art. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 

The computing device 100 has at least one display 102 for 
outputting data from the computing device such as images, 
text, and video. The display 102 may use LCD, plasma, 
LED, iOLED, CRT, or any other appropriate technology that 

65 is or is not touch sensitive as known to those of ordinary skill 
in the art. At least some of the display 102 may be co-located 
with at least one input surface 104. The input surface 104 
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may employ teclmology such as resistive, surface acoustic 
wave, capacitive, infrared grid, infrared acrylic projection, 
optical imaging, dispersive signal teclmology, acoustic pulse 
recognition, or any other appropriate teclmology as known 
to those of ordinary skill in the art to receive user input. The 
input surface 104 may be bounded by a permanent or 
video-generated border that clearly identifies its boundaries. 

In addition to the input surface 104, the computing device 
100 may include one or more additional I/0 devices (or 
peripherals) that are communicatively coupled via a local 10 

interface. The additional I/0 devices may include input 
devices such as a keyboard, mouse, scanner, microphone, 
touchpads, bar code readers, laser readers, radio-frequency 
device readers, or any other appropriate teclmology known 
to those of ordinary skill in the art. Further, the I/0 devices 15 

may include output devices such as a printer, bar code 
printers, or any other appropriate teclmology known to those 
of ordinary skill in the art. Furthermore, the I/0 devices may 
include communications devices that communicate both 
inputs and outputs such as a modulator/demodulator (mo- 20 

dem; for accessing another device, system, or network), a 
radio frequency (RF) or other transceiver, a telephonic 
interface, a bridge, a router, or any other appropriate tech­
nology known to those of ordinary skill in the art. The local 
interface may have additional elements to enable commu- 25 

nications, such as controllers, buffers (caches), drivers, 
repeaters, and receivers, which are omitted for simplicity but 
known to those of skill in the art. Further, the local interface 
may include address, control, and/or data connections to 
enable appropriate communications among the other com- 30 

puter components. 
The computing device 100 also includes a processor 106, 

which is a hardware device for executing software, particu­
larly software stored in the memory 108. The processor can 
be any custom made or commercially available general 35 

purpose processor, a central processing unit (CPU), a semi­
conductor based microprocessor (in the form of a microchip 
or chipset), a macroprocessor, microcontroller, digital signal 
processor (DSP), application specific integrated circuit 
(ASIC), field programmable gate array (FPGA) or other 40 

programmable logic device, discrete gate or transistor logic, 
discrete hardware components, state machine, or any com­
bination thereof designed for executing software instruc­
tions known to those of ordinary skill in the art. Examples 
of suitable commercially available microprocessors are as 45 

follows: a PA-RISC series microprocessor from Hewlett­
Packard Company, an 80x86 or Pentium series micropro­
cessor from Intel Corporation, a PowerPC microprocessor 
from IBM, a Spare microprocessor from Sun Microsystems, 
Inc., a 68xxx series microprocessor from Motorola Corpo- 50 

ration, DSP microprocessors, or ARM microprocessors. 
The memory 108 can include any one or a combination of 

volatile memory elements ( e.g., random access memory 
(RAM, such as DRAM, SRAM, or SD RAM)) and nonvola-
tile memory elements (e.g., ROM, EPROM, flash PROM, 55 

EEPROM, hard drive, magnetic or optical tape, memory 
registers, CD-ROM, WORM, DVD, redundant array of 
inexpensive disks (RAID), another direct access storage 
device (DASD)). Moreover, the memory 108 may incorpo­
rate electronic, magnetic, optical, and/or other types of 60 

storage media. The memory 108 can have a distributed 
architecture where various components are situated remote 
from one another but can also be accessed by the processor 
106. Further, the memory 108 may be remote from the 
device, such as at a server or cloud-based system, which is 65 

remotely accessible by the computing device 100. The 
memory 108 is coupled to the processor 106, so the proces-

8 
sor 106 can read information from and write information to 
the memory 108. In the alternative, the memory 108 may be 
integral to the processor 106. In another example, the 
processor 106 and the memory 108 may both reside in a 
single ASIC or other integrated circuit. 

The software in the memory 108 includes an operating 
system 110 and an application 112. The software optionally 
further includes a handwriting recognition (HWR) system 
114 which may each include one or more separate computer 
programs. Each of these has an ordered listing of executable 
instructions for implementing logical functions. The oper­
ating system 110 controls the execution of the application 
112 (and the HWR system 114). The operating system 110 
may be any proprietary operating system or a commercially 
available operating system, such as WEBOS, WINDOWS®, 
MAC and !PHONE OS®, LINUX, and ANDROID. It is 
understood that other operating systems may also be uti­
lized. 

The application 112 includes one or more processing 
elements related to detection, management and treatment of 
user input (discussed in detail later). The software may also 
include one or more other applications related to handwrit­
ing recognition, different functions, or both. Some examples 
of other applications include a text editor, telephone dialer, 
contacts directory, instant messaging facility, computer­
aided design (CAD) program, email program, word process­
ing program, web browser, and camera. The application 112, 
and the other applications, include program(s) provided with 
the computing device 100 upon manufacture and may fur­
ther include programs uploaded or downloaded into the 
computing device 100 after manufacture. 

The HWR system 114, with support and compliance 
capabilities, may be a source program, executable program 
(object code), script, application, or any other entity having 
a set of instructions to be performed. When a source pro­
gram, the program needs to be translated via a compiler, 
assembler, interpreter, or the like, which may or may not be 
included within the memory, so as to operate properly in 
connection with the operating system. Furthermore, the 
handwriting recognition system with support and compli­
ance capabilities can be written as (a) an object oriented 
programming language, which has classes of data and meth­
ods; (b) a procedure programming language, which has 
routines, subroutines, and/or functions, for example but not 
limited to C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
Objective C, Swift, and Ada; or ( c) functional programing 
languages for example but no limited to Hope, Rex, Com­
mon Lisp, Scheme, Clojure, Racket, Erlang, OCaml, 
Haskell, Prolog, and F#. Alternatively, the HWR system 114 
may be a method or system for communication with a 
handwriting recognition system remote from the device, 
such as server or cloud-based system, but is remotely 
accessible by the computing device 100 through communi­
cations links using the afore-mentioned communications I/0 
devices of the computing device 100. Further, the applica­
tion 112 and the HWR system 114 may operate together or 
be combined as a single application. 

Strokes entered on or via the input surface 104 are 
processed by the processor 106 as digital ink. A user may 
enter a stroke with a finger or some instrument such as a pen 
or stylus suitable for use with the input surface. The user 
may also enter a stroke by making a gesture above the input 
surface 104 ifteclmology that senses motions in the vicinity 
of the input surface 104 is being used, or with a peripheral 
device of the computing device 100, such as a mouse or 
joystick. A stroke is characterized by at least the stroke 
initiation location, the stroke termination location, and the 
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path connecting the stroke initiation and termination loca­
tions. Because different users may naturally write the same 
object, e.g., a letter, a shape, a symbol, with slight variations, 
the HWR system accommodates a variety of ways in which 
each object may be entered whilst being recognized as the 
correct or intended object. 

FIG. 2 is a schematic pictorial of an example of the HWR 
system 114, in either its local (i.e., loaded on the device 100) 
or remote (i.e., remotely accessible by the device 100) 
forms. The HWR system 114 includes stages such as pre­
processing 116, recognition 118 and output 120. The pre­
processing stage 116 processes the digital ink to achieve 
greater accuracy and reducing processing time during the 
recognition stage 118. This preprocessing may include nor­
malizing of the path connecting the stroke initiation and 
termination locations by applying size normalization and/or 
methods such as B-spline approximation to smooth the 
input. The preprocessed strokes are then passed to the 
recognition stage 118 which processes the strokes to recog­
nize the objects formed thereby. The recognized objects are 
then output 120 to the display 102 generally as a typesetted 
version of the handwritten elements/characters. 

The recognition stage 118 may include different process­
ing elements or experts. FIG. 3 is a schematic pictorial of the 
example of FIG. 2 showing schematic detail of the recog­
nition stage 118. Three experts, a segmentation expert 122, 
a recognition expert 124, and a language expert 126, are 
illustrated which collaborate through dynamic progrannning 
to generate the output 120. 

The segmentation expert 122 defines the different ways to 
segment the input strokes into individual element hypoth­
eses, e.g., alphanumeric characters and mathematical opera­
tors, text characters, individual shapes, or sub expression, in 
order to form expressions, e.g., words, mathematical equa­
tions, or groups of shapes. For example, the segmentation 
expert 122 may form the element hypotheses by grouping 
consecutive strokes of the original input to obtain a seg­
mentation graph where each node corresponds to at least one 
element hypothesis and where adjacency constraints 
between elements are handled by the node connections. 
Alternatively, the segmentation expert 122 may employ 
separate experts for different input types, such as text, 
drawings, equations, and music notation. 

The recognition expert 124 provides classification of the 
features extracted by a classifier 128 and outputs a list of 
element candidates with probabilities or recognition scores 

10 
guage or is used by a specific user to evaluate the linguistic 
likelihood of the interpretation of a given path of the 
segmentation graph. 

The present system and method make use of the HWR 
system 114 in order to recognize handwritten input to the 
device 100. As discussed earlier, unlike keyboard input 
which is governed by strict layout rules, such as text entry 
on visible or invisible lines in accordance with the position 
of a displayed cursor, the present system and method allows 

10 handwriting to be input virtually anywhere on the input 
surface 104 of the computing device 100, and this input is 
rendered as digital ink in the input position, or in an offset 
position if the handwriting input is offset from the rendering 

15 position. The HWR system 114 is able to recognize this 
relatively 'freely' positioned handwriting. The present sys­
tem and method further allows users to continue to interact 
with the digital ink itself and provide meaningful guidance 
and results of that interaction through beautifying the digital 

20 ink. Beautification is achieved by properly scaling and 
aligning the digital ink in accordance with an alignment 
structure of the input surface 104 by taking into account 
certain geometrical features of the handwriting ( described in 
detail later). Interaction is assisted by the performance of 

25 segmentation of strokes in the recognition process and using 
information on this segmentation to allow management of an 
input or editing cursor that acts as a pointer for character 
level interactions and editing operations. These and other 

30 

aspects of the present system and method are now described. 
FIG. 4 shows a schematic view of an example visual 

rendering of an ink input or capture area 400 on a portion of 
the input surface 104 of an example computing device 100. 
The input area 400 is provided as a constraint-free canvas 
that allows users to create object blocks (blocks of text, 

35 drawings, etc.) anywhere without worrying about sizing or 
alignment. However, as can be seen an alignment structure 
in the form of a line pattern background 410 can be provided 
for guidance of user input and the alignment of digital and 
typeset ink objects. In any case, as users may input hand-

40 writing that is not closely aligned to the line pattern, or may 
desire to ignore the line pattern and write in a unconstrained 
manner, such as diagonally or haphazardly, the recognition 
of the handwriting input is performed by the HWR system 
114 without regard to the line pattern. An example alignment 

45 pattern is described in United States Patent Application 
Publication No. 2017/0060819 titled "System and Method 
of Digital Note Taking" filed in the name of the present 
Applicant and Assignee, the entire content of which is for each node of the segmentation graph. Many types of 

classifiers exist that could be used to address this recognition 
task, e.g., Support Vector Machines, Hidden Markov Mod- 50 

els, or Neural Networks such as Multilayer Perceptrons, 
Deep, Convolutional or Recurrent Neural Networks. The 
choice depends on the complexity, accuracy, and speed 
desired for the task. 

incorporated by reference herein. 
For example, from this incorporated by reference patent 

application, the line pattern 410 has horizontal lines sepa­
rated by a multiple of the vertical rhythm height unit being 
the density independent pixel ( dp ). Regardless of the par­
ticular device 100, the vertical distance between the hori-

The language expert 126 generates linguistic meaning for 
the different paths in the segmentation graph using language 
models ( e.g., grannnar or semantics). The expert 126 checks 
the candidates suggested by the other experts according to 
linguistic information 130. The linguistic information 130 
can include a lexicon, regular expressions, etc. The language 
expert 126 aims at finding the best recognition path. In one 
example, the language expert 126 does this by exploring a 
language model such as finite state automaton (FSA) rep­
resenting the content of linguistic information 130. In addi­
tion to the lexicon constraint, the language expert 126 may 
use statistical information modeling for how frequent a 
given sequence of elements appears in the specified Ian-

55 zontal lines 410 is defined by a line pattern unit (LPU) and 
the vertical rhythm height unit provides a graduated measure 
of the LPU on a particular device. For example, the LPU 
may be set at about one centimeter for any device being a 
certain multiple of the vertical rhythm height unit or users 

60 may be allowed to customize the line pattern unit to a 
different multiple of the vertical rhythm height unit accord­
ing to their writing style. Alternatively, the vertical rhythm 
may be based on typeset text size (e.g., the minimum text 
size) and the LPU is provided as a multiple of this typeset 

65 text size. All lines 410 are displayed with the same light and 
subtle color, e.g., grey, that is visible but faded with respect 
to the rendering of the content itself. In this way the line 
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pattern is noticeable but unobtrusive so as to guide the 
handwriting input without distracting from the content entry. 

In order to assist user input, the application 112 can render 
the digital ink according to the user input in the position at 
which the input is made. For example, FIG. 5 shows the 
example input area 400 having handwritten input rendered 
as (first) digital ink 500. The digital ink 500 includes text 
characters or symbols, "H" 501, "o" 502, "w" 503, "a" 504, 

12 
the point for the top-line, the character having the lowest 
lower extrema may be used as the point for the bottom-line, 
the character having the lowest lower extrema of characters 
which do not have a descender may be used as the point for 
the base-line, and the lower case character having the 
highest upper extrema oflower case characters which do not 
have an ascender may be used as the point for the mid-line, 
for example. 

Alternatively, instead of setting the writing lines on abso-"r" 505, "e" 506, "y" 507, "o" 508, "u" 509 and "?" 510, 
forming the question phrase "How are you?". As can be 
seen, the input represented by the digital ink text 500 has 
been input by a user so as not to be in accord with the line 
pattern 410. That is, the characters 501 to 510 of the digital 

10 lute values, average or mean values can be taken, such as the 
average or mean of the lower and upper extrema across the 
text line, sentence or words, or the strokes of the characters 
themselves, so that local variations and anomalies, such as 

ink text 500 have not been written directly on any one of the 
lines 410. This input can be rendered on the line pattern 15 

however by applying a structuring transformation on the 
strokes of the input to beautify the digital ink through proper 
scaling and aligmnent. In order to do this appropriately 
information regarding the relative geometry of the digital 

unduly offset characters, are not given undesired weight. 
FIG. 6 shows the example input of FIG. 5 with the 

above-described geometrical information of the base- and 
mid-(or top-)lines provided by the HWR system 114 illus­
trated. That is, the characters 501-503 are recognized as 
belonging to one word 600, e.g., "How", with base-line BO 

ink text 500 is determined, such as the descending part of the 
handwriting, e.g., the distance between base- and mid-lines 
of each handwritten character, as described in detail below. 

The (first) geometrical information is provided by the 
HWR system 114. That is, in the recognition process, the 
recognition engine 118 determines information on the lower 
and upper extrema of each character of the input to the 
application 112 as recognized by the HWR system 114. The 
lower extremum is the lowest point at which the stroke ( or 
strokes) of the character pass. The upper extremum is the 
highest point at which the stroke ( or strokes) of the character 
pass. The recognition process also determines from these 
extremum writing lines at the levels of character, word ( e.g., 

20 and mid-line MO determined for the word 600, the characters 
504-506 are recognized as belonging to one word 602, e.g., 
"are", with base-line B2 and mid-line M2 determined for the 
word 602, the characters 507-509 are recognized as belong­
ing to one word 604, e.g., "you", with base-line B4 and 

25 mid-line M4 determined for the word 604, and the character 
510 is recognized as being a single symbol 606, with 
base-line B6 determined for the symbol 606. The present 
system and method uses the geometrical information to 
provide a structuring transformation through proper scaling 

30 and alignment of the strokes of the input as follows. 
The structuring transformation uses a ratio which is the 

minimum between a number of different ratio values related 
to comparisons of (second) geometrical information of the 
line pattern 410 and the (first) geometrical information of the 

a series of characters), sentence or phrase (e.g., a series of 
characters and/or words), and text line (e.g., a series of 
characters, words and/or sentences). The writing lines 
include top-, bottom-, base- and mid-lines. 

35 input at character, word, sentence or text line level. The level 
at which first, second and third ratios (described below) are 
all determined may be, for example, pre-determined or 
settable via the UI of the application 112. In the examples 
discussed herein, the word level is depicted, but it is under-

The top-line is defined as the horizontal line passing 
through a point related to the upper extremum across the 
horizontal extent of the character, word, sentence or text 
line. The bottom-line is defined as the horizontal line passing 
through a point related to the lower extremum across the 
horizontal extent of the character, word, sentence or text 
line. The base-line is defined as the horizontal line passing 
through a point related to the bottom-line across the hori­
zontal extent of the character, word, sentence or text line, 45 

and the mid-line is defined as the horizontal line passing 
through a point related to the top- and base-lines across the 
horizontal extent of the character, word, sentence or text 
line. The determination of the points through which these 
lines pass is particular to the recognition process and Ian- 50 

guage model(s) used by the HWR system 114. 

40 stood that similar description is applicable to the other 
levels. 

The geometrical information of the line pattern 410 is 
determined by the application and includes top-, base- and 
mid-lines, as shown in FIG. 7. For example, the base-line BL 
of each line 410 of the line pattern is defined as that line 410, 
the top-line TL of each line 410 is defined as being at an 
(first) offset vertical distance from the base-line BL of that 
line 410 (e.g., between about 60% and about 80% of the 
LPU), and the mid-line ML of each line 410 is defined as 
being at an (second) offset vertical distance from the base­
line BL (and/or top-line TL) of that line 410 (e.g., between 
about 30% and about 70% of the distance between the 
base-line BL and top-line TL). In this way, sufficient space 
for ascenders and descenders, upper casing, and grammati­
cal symbols is provided once the digital ink has been scaled 
onto the line pattern 410. 

For example, for languages having all characters and 
words made from those characters in a sentence or phrase 
written with a similar vertical extent, such as pictographic 
languages, for characters within a word, sentence or text 55 

line, the character having the highest upper extrema may be 
used as the point for either ( or both) the top- or mid-line, and A first ratio value is the ratio of the (first) distance (i.e., 

height) of the line pattern, i.e., one LPU, and the (first) 
distance (i.e., height) of each word of the input. The height 

60 of a word is defined as the vertical extent between the 

the character having the lowest lower extrema may be used 
as the point for the either ( or both) bottom- and base-line, for 
example. 

On the other hand, for languages having characters or 
letters written in a sentence or phrase with different sizes, 
such as Latin-based languages, e.g., upper and lower casing, 
letters with ascenders and/or descenders ( e.g., "h", "g"), 
diacritics (e.g., "i", 'T') and punctuation symbols (e.g.,"?"), 65 

for characters within a word, sentence or text line, the 
character having the highest upper extrema may be used as 

bottom-line and top-line of that word. A similar definition is 
applicable to the character level, as these are like words 
having a single character, such as the symbol 606. For 
sentences and text lines the height may be determined from 
the absolute values for the extrema, i.e., the lowest lower 
extremum and the highest upper extremum, and/or from the 
base- and top-lines, which may or may not be based on 
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average, mean or adjusted ( e.g., upper case or ascender/ 
descender characters discarded) values. 

Thus, in the example of FIG. 6, the height of the word 600 
is from the highest point of the word, being the highest point 
of the character 501, to the lowest point of the word, being 5 

the lowest point of the character 503, the height of the word 
602 is from the highest point of the word ( e.g., the highest 
point of the character 504) to the lowest point of the word, 
(e.g., the lowest point of the character 508), the height of the 
word 604 is from the highest point of the word (e.g., the 10 

highest point of the character 507) to the lowest point of the 
word ( e.g., the lowest point of the character 507), and the 
height of the symbol 606 is from the highest point of the 
character 510 to the lowest point of the character 510, for 
example. The first ratio of each word therefore provides a 15 

comparison of the total height of that word, as set by the 
characters of the word (i.e., including casing, ascenders, 
descenders and grammatical symbols), and the LPU. 

A second ratio value is the ratio of the ( second) distance 
(e.g., top height) from the base-line BL to the top-line TL of 20 

the line pattern 410 and the (second) distance (e.g., top 
height) from the base-line to the top-line of each word of the 
input. Thus, in the example of FIG. 6, the top height of the 
word 600 is from the top-line of the word (e.g., passing 
through the highest point of the character 501) to the 25 

base-line BO, the top height of the word 602 is from the 
top-line of the word (e.g., passing through the highest point 
of the character 504) to the base-line B2, the top height of 
the word 604 is from the top-line of the word (e.g., passing 
through the highest point of the character 507) to the 30 

base-line B4, and the top height of the symbol 606 is from 
the top-line of the symbol 606 (e.g., passing through the 
highest point of the character 510) to the base-line B6. The 
second ratio of each word therefore provides a comparison 
of the top-line to base-line height of that word and the 35 

top-line height of the lines 410. 
The third ratio is the ratio of the (third) distance (e.g., mid 

height) from the base-line BL to the mid-line ML of the line 
pattern 410 and the (third) distance (e.g., mid height) from 
the base-line to the mid-line of each word of the input. Thus, 40 

in the example of FIG. 6, the mid height of the word 600 is 
from the mid-line MO to the base-line BO, the mid height of 
the word 602 is from the mid-line M2 to the base-line B2, 
the mid height of the word 604 is from the mid-line M4 to 
the base-line B4, and the mid height of the symbol 606 is 45 

from the mid-line of the symbol 606 (e.g., the same as the 
top-line) to the base-line B6. The third ratio of each word 
therefore provides a comparison of the mid-line to base-line 
height of that word and the mid-line height of the lines 410. 

Two or more of these ratios are compared in order to 50 

determine the minimum value. For example, the first and 
second ratios may be compared, or the first and third, or the 
second and third, or all three ratios. Further, other ratios may 
be determined and used in the comparison. The comparison 
allows a minimum character, word, sentence or text line size 55 

to be used for the structuring transformation. In the struc­
turing transformation, the rendered strokes of the scaled 
digital ink are the smallest compared to the original input. 
However, if the minimum value of each compared ratio is 
greater than 1, then the returned minimum value is capped 60 

at 1, such that no scaling is performed. This especially 
applies to some punctuation marks which do not require 
scaling, such as periods. 

Once the comparison is made, the elements of the (non­
scaled or original) digital ink (e.g., the characters, words, 65 

etc. depending on the level used for the comparison) are 
scaled by the minimum value and are rendered on one of the 

14 
lines 410 of the line pattern so that the base-line of the scaled 
element is at the base-line of that line 410 (i.e., on the line 
410). FIG. 8 shows an example in which the minimum ratio 
values for each of the words 600 to 606 of the digital ink 500 
are determined from a comparison of the first, second and 
third ratios described above in order to perform the struc­
turing transformation of the digital ink 500 to structured 
(second) digital ink 800. The structured digital ink text 800 
includes a word 801 being the scaled version of the word 
600, a word 802 being the scaled version of the word 602, 
a word 804 being the scaled version of the word 604, and a 
word 806 being the scaled version of the word 606. The 
structured digital ink text 800 is rendered on the uppermost 
(first) line of the line pattern 410 so that the base-line of each 
scaled word 801 to 806 is positioned in the first line 410. 

The HWR system 114 may have some issues with deter­
mining the base-lines of elements of the input since there 
may be many ambiguities leading to improbable base-line 
recognition. Accordingly, the application 112 may be con­
figured to handle the translation of the scaled strokes 
depending on the elements/characters that are recognized by 
the HWR system 114. For example, the HWR system 114 
may not be able to set a base-line for a single horizontal line 
recognized as a hyphen or minus sign, accordingly the 
application 112 may display the scaled strokes with an offset 
from the line 410, such as to be centered vertically in the line 
pattern of the rendering area. 

The positioning of each element on the multiple lines of 
the line pattern 410 is made based on certain pre-defined or 
settable criteria, such as, for left-to-right written languages, 
aligned to the first available left-most section of a first 
available line from the top of the rendering area of the device 
100 which can accommodate the scaled element. For 
example, in the example of FIG. 8, the rendering area is 
overlapped or coextensive with the input area 400 such that 
the scaled digital ink text 800 is left-aligned on the first line 
410, since there is no other content (e.g., digital or typeset 
ink) displayed on any of the lines 410. Another example of 
criteria for positioning of the transformed ink can be the 
usage of a cursor as an insertion point of the new input, e.g., 
allowing users to complete previous inputs ( described in 
detail later). Such positioning may therefore include reflow­
ing of the input over multiple ones of the lines 410, for 
example, if the next available position is on a line which is 
below the line previously used for the structured digital ink. 
In this way, paragraphs of text can be formed from a series 
of inputs of single lines of text (input as described below) 
and editing operations can be performed on the structured 
digital ink including those that trigger reflowing events (as 
described later). 

With respect to the input and rendering areas or zones of 
the application 112, it is noted that these areas may be 
coextensive, as in the example of FIG. 8, such that once 
input has been received and displayed/rendered as the origi­
nal digital ink (e.g., the digital ink 500) after a set amount 
of time, as measured by a clock of the computing device 100 
in conjunction with the memory 108 for example, the input 
area is cleared of the original digital ink and the structured 
digital ink ( e.g., the digital ink 800) is displayed/rendered on 
the rendering area. Alternatively, the input and rendering 
areas may be separated into different zones of the interface 
104 or on separate displays or display devices, such that 
display of the original digital ink may persist and be 
scrolled, for example, to allow further input, or be omitted 
after a certain time period or receipt of new input. For 
example, superimposed input in which characters or words 
or parts of words are input over the top of one another with 
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fading or other omission of previously entered input may be 
possible in either case of separated or overlapped display, 
such as described in United States Patent Publication No. 
2015/0286886 filed in the name of the present Applicant and 
Assignee and United States Patent Publication No. 2015/ 
0356360 filed in the name of the present Applicant and 
Assignee, the entire contents of which are incorporated by 
reference herein. 

Further, in the structuring transformation, the spaces 
between characters and between words in the input are 
transformed to a fixed spacing, such as shown in FIG. 8. The 
fixed spacing may be set based on the LPU ( e.g., about 5% 
to about 15% of the LPU) or the mid-line height of the line 
pattern ( e.g., about 40% to about 60% of the mid height), or 
on other criteria. The fixed spacing is provided so that 
generally normalized and beautified digital ink output is 
provided aligned to the line pattern, particularly with respect 
to the above-mentioned new input which may be rendered as 
scaled digital ink on the same line as previously scaled input. 
Alternatively, the spacing between the characters/words of 
the input may be scaled in relation to the scaling of the 
associated characters/words. 

The above-discussed example includes input which is 
generally horizontally provided in the left-to-right (or right­
to-left) written context. However, as is understood as the 
geometry of elements of the input text, such as words, are 
considered for the structuring transformation, other manners 
of input are also handled by the present system and method. 
For example, FIG. 9 shows the example input area 400 
having handwritten input rendered as digital ink text 900. 
The digital ink text 900 includes the 'words' 600, 602, 604 
and 606, as in the above-described example, however these 
words are vertically input so that the word 600 is above the 
other words, the word 602 is above the words 604 and 606, 
and the words 604 and 606 are on the same text line. As such 
the digital ink 900 is on multiple text lines which are not 
aligned with any of the lines 410. As with the afore­
described examples, the base-line BO and mid-line MO are 
determined for the word 600, the base-line B2 and mid-line 

16 
keyboard or text input by voice recognition. As can be seen, 
the cursor 1100 is displayed with sizing and alignment 
similar to the structured digital ink. The cursor may be 
displayed by the application 112, and editing functions 
performed, in response to user interaction with the digital 
ink within the rendering or editing area. This interaction may 
be through known gestures on touch and hover devices (such 
as tap, double tap, press, long press, swipe, pinch), specific 
digital ink editing gestures ( such as those described in 

10 European Patent Application No. 15 290 296.1 and U.S. 
patent application Ser. No. 14/989,217 both titled "System 
and Method for Note Taking with Gestures" and both filed 
in the name of the present Applicant and Assignee, the entire 
contents of which are incorporated by reference herein), or 

15 hardware tools (such as keyboard, mouse). Alternatively, or 
additionally, the cursor may be displayed by the application 
112 in a (set) default position, such as at the end of the (most 
recent) beautified digital ink (e.g., as shown in FIG. 11), for 
example, once the digital ink has been beautified. The cursor 

20 remains displayed, for example, until new handwriting input 
is detected by the application 112. 

As mentioned earlier, the present system and method 
provides the cursor management through segmentation in 
the recognition process. This aspect of the present system 

25 and method is now described. As discussed above, segmen­
tation is performed by the HWR system 114 during the 
recognition process. This segmentation information is 
retrieved by the application 112 to determine the ranges of 
each recognized element within the handwritten input, such 

30 as for example, characters of handwritten text, shapes of 
handwritten drawings, etc. For example, FIG. 12 shows the 
determined ranges, illustrated as character bounding boxes 
511 to 520 for an example segmentation of the characters 
501 to 510 of the input, respectively. The present system and 

35 method uses these ranges to display the cursor at the 
bounding box of each character. For example, in FIG. 11 the 
cursor 1100 is displayed at the right edge of the bounding 
box 520 of the character 510. 

M2 are determined for the word 602, the base-line B4 and 40 

mid-line M4 are determined for the word 604, and the 
base-line B6 is determined for the symbol 606, as shown in 
FIG. 10. Thus, as the geometrical information is the same, 

However, unlike typeset or fontified ink, digital ink, even 
the beautified digital ink, is not regularly provided on a 
character-by-character basis. This is because, handwriting is 
a form of personal font of the writing user, and while basic 
standards are followed in handwritten languages, many 
variations will exist. As such, many of the characters will the structuring transformation is the same as described 

earlier, such that the non-structured digital ink 900 is trans- 45 

formed into the scaled and aligned digital ink 800 shown in 
FIG. 8. As can be understood, similar transformation can be 
applied to other alignments and manners of inputting the 
handwriting. 

The beautification of the non-beautified or 'raw' digital 50 

ink according to the handwritten input to the device 100 into 
the beautified digital ink provides a way of displaying user 
handwritten input in a normalized and standard fashion 
thereby aiding legibility, usability and interactability with 
the content. It is considered that guidance for users for such 55 

interactions with the beautified digital ink using mechanisms 
similar to those expected in document processing applica­
tions is beneficial, as this enhances the user experience with 
the application 112. One such mechanism is the use of an 
input or editing cursor that acts as a pointer for character 60 

level editing operations, such as carriage return, space 
insertion, character deletion or insertion. For example, FIG. 
11 shows a cursor 1100 provided after the beautified digital 
ink 800. 

It is understood that beyond guiding handwritten interac- 65 

tion with the beautified content, the cursor also provides 
positioning of other forms of input, such as typing via 

overlap horizontally, or vertically, or both, due to capital­
ization, ascenders, descenders, slanted writing, or just untidy 
handwriting. While character overlap is handled by the 
HWR system 114 to properly recognize the characters, the 
character positions themselves are not adjusted through the 
segmentation or the beautification described above. Such 
adjustment could be made, but it is difficult to provide 
general rules because as stated above, the manner of hand­
writing is very personal. Accordingly, character overlap 
causes overlap of the bounding boxes. For example, as can 
be seen in FIG. 12 the bounding boxes 515 and 516 overlap 
dues to overlap of the characters 505 and 506. As such, 
rendering a cursor on an overlapped bounding box may 
cause confusion for users. Examples of how the present 
system and method handle this situation is described below 
in relation to FIGS. 13 to 18. 

FIG. 13 shows the example input area 400 having hand­
written input rendered as digital ink text 1300. The digital 
ink text 1300 includes the characters or symbols, 'T' 1302, 
"r" 1304, "e" 1306, and "e" 1308 forming the capitalized 
word "Tree". As before, the input represented by the digital 
ink text 1300 has been input by a user so as not to be in 
accord with the line pattern 410. FIG. 14 shows the digital 
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ink text 1300 with the determined ranges of each character 
as segmented by the HWR system 114 illustrated as bound­
ing boxes 1402 to 1408 corresponding to the characters 1302 
to 1308, respectively. 

18 

FIG. 15 shows the digital ink 1300 of FIG. 13 after the 
structuring transformation to produce scaled digital ink 1500 
which is properly aligned with the line pattern 410 by the 
earlier described criteria. It is understood that since the 
beautified digital ink of the present example is a scaled and 
aligned version of the 'raw' digital ink without adjustment 
within words, such as inter-character spacing and character 
sizing, the structuring transformation is equally applicable to 

application 112, as discussed earlier. However, in the afore­
described example of the present system and method in 
which the input or capture area and the rendering or editing 
area are overlapped, the receipt of a gesture may cause 
ambiguity between setting of the cursor position and the 
input of new content. The present system and method 
accounts for such ambiguity to identify a 'set cursor posi­
tion' action by evaluating certain criteria with respect to 
received user interaction. For example, when: 

10 the input is constituted by a unique stroke, until the end 

the ranges of the characters as segmented. Thus, as shown in 
FIG. 16, the bounding boxes 1402 to 1408 of the digital ink 
1300 are scaled to bounding boxes 1602 to 1608, respec- 15 

tively, for the structured digital ink 1500. These scaled 
bounding boxes are therefore used by the application 112 to 
set the cursor position through consideration of geometrical 
features of the bounding boxes in one or more of the 
following ways. 

In the case that the ranges of two consecutive characters 
do not overlap, several strategies can be applied by the 
present system and method in order to place the cursor: 

The cursor is positioned between those two characters at 

20 

the center between the range borders. For example, 25 

FIG. 17A shows a centered (first) cursor 1700 posi­
tioned in the center between the bounding boxes 1604 
and 1606 of the non-overlapping respective (first) char­
acter 1304 and (second) character 1306. 

The cursor is positioned between those two characters at 30 

the right range border of the left-side character. For 
example, FIG. 17B shows a left-aligned (second) cur-

of the writing session; and 
the new input is a single-point gesture, such as a tap or 

other unique sampling point, defining a user interaction 
point; and 

content, such as a character or word, is present in the 
rendering area at the user interaction point, then: 

the user interaction is considered as a request to set the 
cursor position. 

The present system and method properly beautifies 
'freely' (unstructured) input digital ink through scaling or 
minimizing and aligning the digital ink on alignment ele­
ments of an editing area by taking into account the relative 
geometrical information of the handwriting, such as the 
descending part of the handwriting, e.g., the distance 
between the base-line and the mid-line of the handwriting as 
determined by the recognition process for recognizing the 
handwriting input. Further, the present system and method 
considers character segmentation determined by the recog­
nition process for recognizing the handwriting input to allow 
management of an editing cursor position for the beautified 
digital ink so that editing operations can be performed on a 
character basis, and not only on a word, sentence, line or 

sor 1702 positioned on the right edge of the bounding 
box 1604 of the character 1304 between the non­
overlapping characters 1304 and 1306. 35 

block basis, for example. 

The cursor is position between those two characters at the 
left range border of the right-side character. For 
example, FIG. 17C shows a right-aligned (third) cursor 
1704 positioned on the left edge of the bounding box 
1606 of the character 1306 between the non-overlap­
ping characters 1304 and 1306. 

Whereas, in the case that the ranges of two consecutive 
characters do overlap, several strategies can be applied by 
the present system and method in order to place the cursor: 

The cursor is positioned between those two characters at 
the center of the area of overlap defined by the ranges 
of the overlapped characters. For example, FIG. 18A 
shows a centered (fourth) cursor 1800 positioned in the 
center of the overlapping area of the (first) character 
1302 and (second) character 1304. As can be seen 
however, this setting may cause confusion for users as 
to which character the cursor 1800 is related. 

The cursor is positioned between those two characters in 
consideration of the other geometrical features of the 
ranges of the overlapped characters, such as the height, 
the width, or the area of the bounding boxes to be at the 
range border of the character with either the smallest or 
the highest value of these geometrical features which is 
in the overlapping area. For example, FIG. 18B shows 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 

40 various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ­
ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart-

45 ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
details, exhibits, and illustrated examples in this description. 
It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 

50 concepts disclosed herein. 

We claim: 
1. A system for providing editing of digital ink on 

computing devices, each computing device comprising a 
55 processor and at least one non-transitory computer readable 

medium for recognizing handwriting input under control of 
the processor, the at least one non-transitory computer 
readable medium configured to: 

a left-aligned (fifth) cursor 1802 positioned on the left 60 

edge of the bounding box 1604 of the character 1304 
between the overlapping characters 1302 and 1304, 
where the character having the bounding box of small-

cause display of, on a display interface of a computing 
device, digital ink in accordance with the handwriting 
input; 

determine, from segmentation information of the hand­
writing input determined through the recognition of the 
handwriting input, ranges of elements of the digital ink; 

cause display of, on the display interface, an input cursor 
in relation to the determined digital ink element ranges; 
and 

est height is used as the cursor positioning criteria. 
As with any document editing application, the cursor 65 

position can be set and reset by user interaction within the 
editing area, such as with a tap or a click, provided by the 
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cause said display of the input cursor within a region of 
overlap of ranges of elements of the digital ink deter­
mined in the step of determining ranges of elements of 
the digital ink. 

2. A system according to claim 1, wherein the elements of 
the digital ink include text characters, the at least one 
non-transitory computer readable medium configured to 
display the input cursor at a position between first and 
second characters in relation to the determined ranges of the 
first and second characters. 

20 
6. A method according to claim 4, wherein the geometri­

cal features include height and width of the determined 
ranges. 

3. A system according to claim 1, wherein the geometrical 
features include height and width of the determined ranges. 

4. A method for providing editing of digital ink on 
computing devices, each computing device comprising a 
processor and at least one non-transitory computer readable 
medium for recognizing handwriting input under control of 15 

the processor, the method comprising: 
displaying, on a display interface of a computing device, 

digital ink in accordance with the handwriting input; 
determining, from segmentation information of the hand­

writing input determined through the recognition of the 20 

handwriting input, ranges of elements of the digital ink; 
displaying, on the display interface, an editing cursor in 

relation to the determined digital ink element ranges; 
and 

7. A non-transitory computer readable medium having a 
computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 
implement a method for providing editing of digital ink on 
a computing device, the computing device comprising a 
processor and at least one system non-transitory computer 

10 readable medium for recognizing handwriting input under 
control of the processor, the method comprising: 

displaying, on a display interface of a computing device, 
digital ink in accordance with the handwriting input; 

determining, from segmentation information of the hand­
writing input determined through the recognition of the 
handwriting input, ranges of elements of the digital ink; 

displaying, on the display interface, an editing cursor in 
relation to the determined digital ink element ranges; 
and 

causing said display of the editing cursor within a region 25 

of overlap of ranges of elements of the digital ink 
determined in the step of determining ranges of ele­
ments of the digital ink. 

5. A method according to claim 4, wherein the elements 
of the digital ink include text characters, the input cursor 30 

being displayed at a position between first and second 
characters in relation to the determined ranges of the first 
and second characters. 

causing said display of the editing cursor within a region 
of overlap of ranges of elements of the digital ink 
determined in the step of determining ranges of ele­
ments of the digital ink. 

8. A non-transitory computer readable medium according 
to claim 7, wherein the elements of the digital ink include 
text characters, the input cursor being displayed at a position 
between first and second characters in relation to the deter­
mined ranges of the first and second characters. 

9. A non-transitory computer readable medium according 
to claim 7, wherein the geometrical features include height 
and width of the determined ranges. 

* * * * * 
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SYSTEM AND METHOD FOR 
RECOGNIZING GEOMETRIC SHAPES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation of U.S. application Ser. 
No. 14/558,181 filed on Dec. 2, 2014. This application also 
claims priority to PCT/EP2015/002400 filed on Nov. 27, 
2015. The entire contents of these applications are incorpo­
rated by reference herein. 

TECHNICAL FIELD 

2 
Whether one uses a single or multi-stroke system, on-line 

geometric shape recognition systems or methods usually 
consist of preprocessing, primitive recognition, and con­
straint solving. In practice, on-line geometric shape recog­
nition systems or methods may include these steps along 
with additional steps. Further, on-line geometric shape rec­
ognition systems or methods may not clearly delineate each 
step or may perform the steps in an alternate order. 

Preprocessing typically includes discarding irrelevant 
input data and normalizing, sampling, and removing noise 

10 
from relevant data. 

15 
The present invention relates generally to the field of 

Primitive recognition specifies the different ways to break 
down the input data into individual lines, shapes, or other 
segments based on a set of basic models ( e.g., lines, circles, 
ellipses, arcs, and points). Primitive recognition generally 
associates the segments with possible primitive candidates. 
Primitives can be any type of shape or curve, from basic 
( e.g., line segment, circle, ellipse, arc of circle, arc of ellipse, 
and point) to more complex (e.g., sinusoidal, spline, Bezier, 
and parametric function plots). Primitive candidates can 

computing device interfaces capable of recognizing user 
input of geometric shapes. 

BACKGROUND 

Computing devices continue to become more ubiquitous 
to daily life. Such devices take the form of computer 
desktops, laptops, tablet PCs, e-book readers, interactive 
whiteboards, mobile phones, smartphones, wearable com­
puters, global positioning system (GPS) units, enterprise 
digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 
being incorporated into cars, trucks, farm equipment, manu­
facturing equipment, building environment control ( e.g., 
lighting, HVAC), and home and commercial appliances. 

Computing devices generally consist of at least one 
processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 
numerous varieties of computing devices as well as their 
subsequent uses necessitate a variety of input devices. One 
type of input device is a touch sensitive surface such as a 
touch screen or touch pad wherein user input is received 
through contact between the user's finger or an instrument 
such as a pen or stylus and the touch sensitive surface. 
Another type of input device is an input surface that senses 
motions made by a user above the input surface and without 
touching the input surface. Either of these methods of input 
can be used generally for drawing or inputting shapes. When 
the user input is a shape, the computing device must 
interpret the user's natural drawing technique using, for 
example, an on-line geometric shape recognition system or 
method. 

Generally, on-line geometric shape recognition systems or 
methods monitor the initiation of a stroke, such as when the 
user contacts a touch sensitive surface (pen-down); the 
termination of a stroke, such as when the user stops con­
tacting a touch sensitive surface (pen-up); and any move­
ments (i.e. the stroke) the user makes with his or her finger 
or pen between the initiation and termination of the stroke. 

On-line geometric shape recognition systems or methods 
may be classified as single-stroke or multi-stroke. Single­
stroke recognition analyzes each single-stroke as a separate 
primitive. A primitive is a geometric shape. The system may 
only utilize single-stroke primitives or may utilize shorthand 

20 comprise single-stroke, multi-stroke, and/or geometric 
variations of shapes. Primitive recognition may also be 
preceded by gesture determination that determines whether 
the input data is geometric shape or a gesture (e.g., an input 
stroke that provides additional information as to the relation 

25 of already input geometric shapes). 
Constraint solving generally includes checking the primi­

tives against a set of constraints ( e.g., length equality, angle 
equality, parallelism, symmetry, alignment, tangency, con­
nection, and perpendicularity). Typically, constraints are 
defined on a primitive level, meaning they are associated 

30 with specific primitives. Constraints can be implicit or 
explicit. Implicit constraints are such that the system infers 
a constraint based on user input of primitives. For example, 
the system or method may detect that two lines are close 
enough to being perpendicular and infer that a perpendicular 

35 restraint should apply, outputting two perpendicular lines. In 
this example, perpendicularity is an example of an implicit 
constraint. Explicit constraints are such that the user explic­
itly specifies additional constraints to apply. For instance, 
the system or method may not detect that two lines were 

40 intended to be perpendicular. A user may input an additional 
gesture to provide this explicit constraint. An on-line geo­
metric shape recognition system or method may recognize 
both implicit and explicit constraints. Once the set of primi­
tives and set of constraints are built, a constraint solving 

45 method enforces the maximum number of possible con­
straints. Following constraint solving, the on-line geometric 
shape recognition system or method outputs smooth geo­
metric shapes. 

Constraint solving at the primitive level is usually limited 
50 in the number of primitives and constraints that a system can 

analyze because constraints are generally defined at the 
primitive level and closely linked to primitive types. Each 
new primitive or constraint introduced into the system 
causes exponentially more relationships between primitives 

55 and constraints, creating exponentially more possibilities to 
analyze during constraint solving. 

The present system and method provides improved results 
for user input recognition by defining the constraints at a 
vector component level rather than primitive level. By 

60 defining constraints on the vector component level, the 
system and method is able to better handle increasingly large 
sets of primitives and constraints. 

for primitives that would otherwise require multiple strokes. 
These single-stroke systems or methods typically have less 
input errors but may require users to memorize stroke 
patterns for multi-stroke primitives if shorthand is utilized. 
Multi-stroke recognition systems can recognize natural 65 

drawing and are more intuitive to users because one does not 
have to learn shorthand. 

SUMMARY 

The examples of the present invention that are described 
herein below provide methods, systems, and software for 
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use in on-line geometric shape recognition. These permit a 
user to enter geometric shapes into a computing device as 
one would on a piece of paper. The present shape recognition 
system and method includes a computing device connected 

4 
FIG. 3D shows a pictorial illustration of a possible 

parallelism constraint in accordance with an example of the 
present system. 

FIG. 3E shows a pictorial illustration of a possible junc­
tion constraint involving ends of line segments in accor­
dance with an example of the present system. 

to an input device in the form of an input surface. A user is 
able to provide input by applying pressure to or gesturing 
above the input surface using either his or her finger or an 
instrument such as a stylus or pen. The present system and 
method monitors the input strokes. After preprocessing the 
input strokes, the present system and method determines 
whether or not the input stroke is a gesture. If the input 
stroke is a gesture, the present system and method matches 

FIG. 3F shows a pictorial illustration of a possible junc­
tion constraint involving the end of a line segment and line 
segment in accordance with an example of the present 

10 system. 

the gesture with an instruction ( e.g., add an additional 
constraint or delete a drawing) to apply to a preexisting 
drawing. If the input is not a gesture, the present system and 
method determines which primitive closely matches the 
input stroke. Finally, the present system and method applies 

FIG. 3G shows a pictorial illustration of a possible 
junction constraint involving a line segment and a portion of 
a circle in accordance with an example of the present 

15 system. 

the set of constraints to the set of primitives to output smooth 
geometric shapes. After the output is displayed as a drawing 
on the output device, the user may proceed to adjust or 20 

otherwise enrich the output drawing with more shapes or 
constraints. 

An object of the disclosed system and method is to 
provide an on-line geometric shape recognition system and 
method that can interpret a user's natural drawing style and 25 

output cleaned-up geometric shapes. This can be done by 
providing a system and method whereby the input strokes 
are associated with either primitives or gestures that the user 
can use to explicitly define constraints. Using the primitives 
and constraints associated with the user input, the system is 30 

able to output smooth geometric shapes. 
Yet a further object of the disclosed system and method is 

to provide a simpler definition of constraints. This can be 
done by providing a system and method that defines con­
straints on a vector component level rather than on a 35 

primitive level. 
Another object of the disclosed system and method is to 

relate primitives and constraints at the vector component 
level. This can be done by providing a system and method 
that breaks down primitives into sets of vector components 40 

and analyzes the relationship between the constraints and 
primitives at the vector component level. 

An object of the disclosed system and method is also to 
provide an on-line geometric shape recognition system and 
method that allows further editing of the output. This can be 45 

done by providing a system and method that recognizes 
certain input editing gestures. 

FIG. 4A shows a pictorial illustration of a possible user 
input in accordance with an example of the present system. 

FIG. 4B shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

FIG. 4C shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 
example of the present system. 

FIG. 4D shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

FIG. 4E shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 
example of the present system. 

FIG. 4F shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

FIG. SA shows a pictorial illustration of a possible user 
input in accordance with an example of the present system. 

FIG. SB shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 
example of the present system. 

FIG. SC shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 
present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo­
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid urmecessarily 
obscuring aspects of the present teachings. 

The various technologies described herein generally 
The present system and method will be more fully under­

stood from the following detailed description of the 
examples thereof, taken together with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system. 

50 relate to on-line geometric shape recognition. The system 
and method described herein may be used to recognize a 
user's natural drawing style input through the processes of 
primitive recognition and constraint solving. The process of 
constraint solving can include the breaking down and com-

FIG. 2 shows a block diagram of a system for on-line 
geometric shape recognition in accordance with an example 
of the present system. 

FIG. 3A shows a pictorial illustration of a possible per­
pendicularity constraint in accordance with an example of 
the present system. 

FIG. 3B shows a pictorial illustration of a possible length 
equality constraint in accordance with an example of the 
present system. 

FIG. 3C shows a pictorial illustration of a possible angle 
equality constraint in accordance with an example of the 
present system. 

55 parison of primitives and constraints at the vector compo­
nent level. 

FIG. 1 shows a block diagram of an exemplary computing 
device 100. The computing device may be a computer 
desktop, laptop, tablet PC, e-book reader, mobile phone, 

60 smartphone, wearable computer, digital watch, interactive 
whiteboard, global positioning system (GPS) unit, enterprise 
digital assistant (EDA), personal digital assistant (PDA), 
game console, or the like. Device 100 includes at least one 
processing element, some form of memory and input and/or 

65 output (I/O) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 
lines, buses, cables, buffers, electromagnetic links, net-

Case 2:25-cv-00532     Document 1-12     Filed 05/15/25     Page 17 of 22 PageID #:  251Page 251 of 347



US 10,181,076 B2 
5 

works, modems, transducers, IR ports, antennas, or others 
known to those of ordinary skill in the art. 

The device 100 includes at least one input surface 104. 
The input surface 104 may employ technology such as 
resistive, surface acoustic wave, capacitive, infrared grid, 
infrared acrylic projection, optical imaging, dispersive sig­
nal technology, acoustic pulse recognition, or any other 
appropriate technology as known to those of ordinary skill 
in the art. The input surface 104 may be bounded by a 
permanent or video-generated border that clearly identifies 
its boundaries. 

In addition to the input surface 104, the device 100 may 
include one or more additional I/O devices ( or peripherals) 
that are communicatively coupled via a local interface. The 
local interface may have additional elements to enable 
communications, such as controllers, buffers (caches), driv­
ers, repeaters, and receivers, which are omitted for simplic­
ity but known to those of skill in the art. Further, the local 
interface may include address, control, and/or data connec­
tions to enable appropriate communications among the other 
computer components. 

One such I/O device may be at least one display 102 for 
outputting data from the computing device such as images, 
text, and video. The display 102 may use LCD, plasma, 
CRT, or any other appropriate technology as known to those 
of ordinary skill in the art. At least some or all of display 102 
may be co-located with the input surface 104. Other addi­
tional I/O devices may include input devices such as a 
keyboard, mouse, scanner, microphone, touchpads, bar code 
readers, laser readers, radio-frequency device readers, or any 
other appropriate technology known to those of ordinary 
skill in the art. Furthermore, the I/O devices may also 
include output devices such as a printer, bar code printers, or 
any other appropriate technology known to those of ordinary 
skill in the art. Finally, the I/O devices may further include 
devices that communicate both inputs and outputs such as a 
modulator/demodulator (modem; for accessing another 
device, system, or network), a radio frequency (RF) or other 
transceiver, a telephonic interface, a bridge, a router, or any 
other appropriate technology known to those of ordinary 
skill in the art. 

The device 100 also includes a processor 106, which is a 
hardware device for executing software, particularly soft­
ware stored in the memory 108. The processor can be any 
custom made or commercially available general purpose 
processor, a central processing unit (CPU), a semiconductor 
based microprocessor (in the form of a microchip or chip­
set ), a macroprocessor, microcontroller, digital signal pro­
cessor (DSP), application specific integrated circuit (ASIC), 
field programmable gate array (FPGA) or other program­
mable logic device, discrete gate or transistor logic, discrete 
hardware components, state machine, or any combination 
thereof designed for executing software instructions known 
to those of ordinary skill in the art. Examples of suitable 
commercially available microprocessors are as follows: a 
PA-RISC series microprocessor from Hewlett-Packard 
Company, an 80x86 or Pentium series microprocessor from 
Intel Corporation, a PowerPC microprocessor from IBM, a 
Spare microprocessor from Sun Microsystems, Inc., a 68xxx 
series microprocessor from Motorola Corporation, DSP 
microprocessors, or ARM microprocessors. 

The memory 108 can include any one or a combination of 
volatile memory elements ( e.g., random access memory 
(RAM, such as DRAM, SRAM, SDRAM, etc.)) and non­
volatile memory elements (e.g., ROM, EPROM, flash 
PROM, EEPROM, hard drive, magnetic or optical tape, 
memory registers, CD-ROM, WORM, DVD, redundant 

6 
array of inexpensive disks (RAID), another direct access 
storage device (DASD), etc.). Moreover, memory 108 may 
incorporate electronic, magnetic, optical, and/or other types 
of storage media. The memory 108 can have a distributed 
architecture where various components are situated remote 
from one another but can also be accessed by the processor 
106. The memory 108 is coupled to a processor 106, so the 
processor 106 can read information from and write infor­
mation to the memory 108. In the alternative, the memory 

10 108 may be integral to the processor 106. In another 
example, the processor 106 and the memory 108 may both 
reside in a single ASIC or other integrated circuit. 

The software in memory 108 includes the on-line geo­
metric shape recognition computer program, which may 

15 include one or more separate programs, each of which 
comprises an ordered listing of executable instructions for 
implementing logical functions. The operating system 110 
controls the execution of the on-line geometric shape rec­
ognition computer program. The operating system 110 may 

20 be any proprietary operating system or a commercially 
available operating system, such as WEBOS, WINDOWS®, 
MAC and !PHONE OS®, LINUX, and ANDROID. It is 
understood that other operating systems may also be utilized 
without departing from the spirit of the system and method 

25 disclosed herein. 
The memory 108 may include other application programs 

112 related to geometric shape recognition as described 
herein, totally different functions, or both. The applications 
112 include programs provided with the device 100 upon 

30 manufacture and may further include programs downloaded 
into the device 100 after manufacture. Some examples 
include a text editor, telephone dialer, contacts directory, 
instant messaging facility, computer-aided design (CAD) 
program, email program, word processing program, web 

35 browser, and camera. 
The on-line geometric shape recognition computer pro­

gram with support and compliance capabilities may be a 
source program, executable program ( object code), script, or 
any other entity comprising a set of instructions to be 

40 performed. When a source program, the program needs to be 
translated via a compiler, assembler, interpreter, or the like, 
which may or may not be included within the memory, so as 
to operate properly in connection with the operating system. 
Furthermore, the on-line geometric shape recognition com-

45 puter program with support and compliance capabilities can 
be written as (a) an object oriented programming language, 
which has classes of data and methods; (b) a procedure 
programming language, which has routines, subroutines, 
and/or functions, for example but not limited to C, C++, 

50 Pascal, Basic, Fortran, Cobol, Perl, Java, and Ada; or (c) 
functional programming languages for example but no lim­
ited to Hope, Rex, Common Lisp, Scheme, Clojure, Racket, 
Erlang, OCaml, Haskell, and F#. 

The system may be initiated when processor 106 detects 
55 a user entered stroke via the input surface 104. The user may 

enter a stroke with a finger or some instrument such as a pen 
or stylus. The user may also enter a stroke by making gesture 
above input surface 104 if technology that senses motions 
above input surface 104 is being used. A stroke is charac-

60 terized by at least the stroke initiation location, the stroke 
termination location, and the path upon which the user 
connects the stroke initiation and termination locations. 

FIG. 2 is a schematic pictorial of a system for on-line 
geometric shape recognition in accordance with an example 

65 of the present system. Once initiated with at least one input 
stroke 113, the system preprocesses 114 the strokes. Pre­
processing 114 can include normalizing the path connecting 
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the stroke initiation and termination locations by applying 
size normalization and/or methods such as B-spline approxi­
mation to smooth the input. 

8 

After preprocessing, the system determines whether the 
stroke is a gesture or not in the context of an existing 
drawing. A gesture is an input stroke that provides additional 
information regarding the existing drawing. If the gesture 
determination 116 recognizes a gesture, the system then 
passes the input to gesture recognition 120. The system may 
then recognize the input as an annotation defining an explicit 10 

constraint the user may wish to impose on existing geomet-

provided by the primitive recognition 118, or can be explicit, 
defined by the user through gestures. For instance, the 
constraint solving method 122 may deduce the two line 
segments input 128 by the user in FIG. 3A were intended to 
be perpendicular and automatically apply the perpendicu­
larity constraint, outputting 132 the far right illustration of 
FIG. 3A. In this example, the middle illustration 130 rep­
resents the constraint solving method 122 adding the per-
pendicularity constraint internally. 

In another instance, the constraint solving method 122 
may not detect that the user intended two perpendicular line 
segments in FIG. 3A and output the non-perpendicular line 
segments in the middle illustration 130. The user may then 
annotate the junction of the two line segments with a square 

15 134, which the system would recognize as a gesture. The 
gesture recognition 120 would pass this gesture onto the 
constraint solving method 122, which would adjust the 
output to be two perpendicular line segments, as seen in the 

ric shapes. In one embodiment, the gesture recognition 120 
may use manually tuned heuristics based on polyline 
approximation of the gesture strokes and their position 
compared to the primitives to detect the gestures and dis­
tinguish between them in context of the existing drawing. 
However, any gesture recognition 120 method known to 
those of ordinary skill in the art may be used. The recognized 
gesture is passed on to the constraint solving method 122. 
The constraint solving method 122 will be discussed below. 20 

The gesture may also be associated with graphical editing 
instructions. In this case, the gesture is passed onto the 
graphical editing 124. 

output 132 of far right illustration in FIG. 3A. 
In FIGS. 3A-3G, the constraints can be deduced by the 

constraint solving method 122 or explicitly annotated by the 
user. The annotations of these figures (i.e., a square 134 for 
perpendicularity in FIG. 3A, two small line segments 136 
for length equality in FIG. 3B, two arcs 138 for angle The graphical editing 124 may be any method known to 

those of ordinary skill in the art to edit existing output 126. 
Such graphical editing 124 typically uses information from 
the gesture recognition 120 and the output 126 to adjust the 
current drawing by erasing it, filling in shapes with patterns 
or colors, changing the thickness or highlighting certain 
lines, or otherwise editing the current output 126 in ways 
known to those of ordinary skill in the art. 

If gesture determination 116 does not detect a gesture, the 
input is passed to the primitive recognition 118. Primitives 
may include the basic geometric shapes ( e.g., line segment, 
circle, ellipse, arc of circle, arc of ellipse, and point) or 
additionally more complex shapes ( e.g., sinusoidal, spline, 
Bezier, and parametric function plots). The system may also 
define a "junk" primitive, which cause the system to discard 
the input as an unrecognized primitive. Depending on the 
number of primitives defined in the system, primitive rec­
ognition 118 may include single-stroke primitive recogni­
tion that treats each stroke as a separate primitive to process. 
Primitive recognition 118 may also include multi-stroke 
recognition that treats multiple consecutive input strokes as 
single primitive. 

25 equality in FIG. 3C, two arrows 140 for parallelism in FIG. 
3D, a circle 142 around the ends ofline segments to form an 
junction in FIG. 3E, a circle 144 around the end of a line 
segment and line segment to form a junction in FIG. 3 F, and 
a circle 146 around a line segment and portion of a circle for 

30 a junction or tangency in FIG. 3G) are one embodiment, and 
the present system and method may use any gestures for 
these constraints as well as others. Further, constraints 
naturally associated with primitives may be deduced during 
primitive recognition 118 prior to the constraint solving 

35 method 122. For instance, the primitive recognition 118 may 
recognize a square from the input and also apply the 
constraints of four equal sides, four internal right angles, and 
parallel opposite sides. If primitive recognition 118 recog­
nizes a polyline, it may also apply the junction constraint 

40 where the lines intersect. However, for clarity this specifi­
cation will only refer to the constraint solving method 122 
as applying all constraints even though it is envisioned that 
the primitive recognition 118 may handle this function in 
some situations. 

45 

The system may employ any combination of single and 
multi-stroke recognition methods known to those of ordi­
nary skill in the art to determine which primitive most 
closely matches the input 113. One example of primitive 
recognition 118 is to fit the input 113 with all primitives, 50 

giving a score for each fitting attempt. Dynamic program­
ming may then be used to select the best set of primitives to 
encompass all of the input strokes based on the best overall 
fitting scores. Once the best set of primitives has been 
chosen, the set of primitives is sent to the constraint solving 55 

method 122. 

The constraint solving method 122 includes defining 
constraints and primitives at the vector component level 
rather than at a primitive level. When defining constraints at 
the primitive level, constraints are associated with specific 
primitives. However, by defining constraints at the vector 
component level a user may add additional constraints and 
primitives without adding exponentially more work. For 
example, when the junction constraint is defined and applied 
at the primitive level with two line segments, it must first be 
associated with the beginning or ending of a line segment. 
Once a circle primitive is added to the present system and 
method, the junction constraint must also be associated with 

The constraint solving method 122 may receive input 
from the primitive recognition 118, gesture recognition 120, 
and/or output 126. Constraints link primitives together ( e.g., 
length equality, angle equality, parallelism, symmetry, align­
ment, tangency, connection, and perpendicularity). FIGS. 
3A-3G are pictorial illustrations of possible constraints. In 
each case, the far left illustration is the input 113 and the far 
right illustration is the output 126. The middle illustration is 
the application of constraints by the constraint solving 
method 122. Constraints can be implicit, deduced by the 
constraint solving method 122 depending on the primitives 

the circle center together with other line segment externali­
ties. This constraint becomes even more complicated once 
ellipses and other more complex primitives are added to the 

60 present system and method, even though the constraint is 
still defining just a junction between two points. 

To avoid this exponential increase in complexity, the 
constraint solving method 122 breaks to down both primi­
tives and constraints at the vector component level, such that 

65 the method focuses on the relationships between points. In 
one embodiment, the constraint solving method 122 may 
define at least three items: points, lengths, and slope angles. 
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To define primitives as items, the constraint solving method 
122 may break down the primitives into their items. For 
example, a line segment primitive may be defined by the two 
extremity points, a slope, and a length. Another example is 
a circle primitive defined by a central point and radius 
length. With the primitives broken down to their items, the 
constraint solving method 122 applies vector component 
constraints. Even though the constraint solving method 122 
may include breaking down the primitives into their vector 
component items, in other embodiments, the primitive rec­
ognition 118 may break down the primitives into the vector 
components prior to passing the information to the con­
straint solving method 122. In this alternative embodiment, 
the primitive items from the primitive recognitions 118 
would still have constraints applied to them by the constraint 
solving method 122. 

Unlike constraints defined on the primitive level, con­
straints defined at the vector component level link items 
together. Vector component constraints may include: 

Slope Angle Constraint defined between two points and 
one slope angle; 

Length Constraint defined between two points (A, B) and 
one length (L) so that IIABll=L; 

Projection Constraint defined between two points (A, B), 
a length (L) and a slope(s) so that Bis the projection of 
A following slope(s) at distance (L) and vice-versa; 

Junction Constraint defined between two points (A, B) to 
ensure A=B; 

Slope Angle Difference Constraint defined between two 
slope angles (sl, s2) and a given value (v) so that 
s2-sl=v; 

Length Ratio Constraint defined between two lengths (Ll, 
L2) and a given value (r) so that L1 /L2 =r; 

Length Sum Constraint defined between three points (A, 
B, C) and one length (L) so that IIACll+IIBCll=L; and 

Existence Constraint defined for any point, and useful if 
it is isolated and not linked by any other constraint 

Other constraints may be defined in a similar manner as 
would be known to those of skill in the art. Further, any 
constraint may be defined as a combination of vector com­
ponent constraints. One benefit of using vector component 
constraints is that the constraint solving method 122 may 
deduce the value of an item if some of the other items are 
known. As an example, the Length Constraint links two 
point items (A, B) to a length item L. So, if A and B are 
known, the value of L can be determined. Conversely, if A 
and L are known, B can be defined as on a circle of radius 
L centered on A, which information is added to the inter­
section parameter ofB. The same applies ifwe switch A and 
B. By breaking down both primitives and constraints on a 
vector component level the present system and method will 
be able to solve more situations. 

Once the constraint solving method 122 has broken down 
the primitives into items, the constraint solving method 122 
may apply all possible constraints to the primitives or may 
build a list of specific constraints based on priority. By 
placing constraints in a hierarchy, the constraint solving 
method 122 avoids applying contradictory constraints. For 
instance, constraints that maintain primitive integrity may be 
high priority. This ensures that primitives do not change 
their inherent shape (e.g., circles will remain a point and a 
radius). A second priority may constraints that the constraint 
solving method 122 implicit in the primitives such as a 
junction of a polyline. Other lower priority constraints may 

10 
hierarchy is only one example, and the present system and 
method is able to prioritize constraints in any manner one 
skilled in the art would necessitate. After the constraint 
solving method 122 applies the proper constraints to the 
primitives, it rebuilds the primitives from their vector com­
ponent levels to produce output 126 in the form of smooth 
geometric shapes. 

FIGS. 4A-4F show a schematic pictorial illustration of 
possible inputs and outputs relating to a rectangle and 

10 polyline in accordance with an example of the present 
system. FIG. 4A shows a schematic illustration of an input 
of a rectangle. After preprocessing 114, the gesture deter­
mination 116 would not define this input as a gesture and 

15 pass the input on for primitive recognition 118. After primi­
tive recognition 118 determined the input was a rectangle, 
the information would be passed on to the constraint solving 
method 122. The constraint solving method 122 would apply 
the constraints known for a rectangle (e.g., four line seg-

20 ments that intersect at four interior right angles, and opposite 
sides are parallel and of equal length). This would produce 
the rectangle shown in FIG. 4B as output. 

A user may further add to the rectangle with input shown 
FIG. 4C. The primitive recognition 118 would recognize this 

25 as a polyline primitive. The constraint solving mechanism 
122 would also detect a junction in the middle of the new 
polyline that is a right angle as well as junction with comer 
of the previous rectangle. This would produce new output 
shown in FIG. 4D. A user may want another junction that 

30 was not detected and add annotation 148 to the output as 
shown in FIG. 4E. This annotation 148 would be processed 
as a gesture, recognized as a gesture to indicate a junction, 
and passed on to the constraint solving method 122. The 
constraint solving method would take output along with this 

35 gesture and all other relevant constraints to produce new 
output shown in FIG. 4F. 

FIGS. SA-SC show a schematic pictorial illustration of 
possible input and output relating to a polyline in accordance 
with an example of the present system. FIG. SA shows a 

40 schematic illustration of an input of a polyline. After pre­
processing 114, the gesture determination 116 would not 
define this input as a gesture and pass the input on for 
primitive recognition 118. After primitive recognition 118 
determined the input was a polyline, the information would 

45 be passed on to the constraint solving method 122. The 
constraint solving method 122 would apply the constraints 
detected by in the primitive polyline: two junctions between 
three line segments, parallelism between the first and third 
line segments, the corresponding angle quality between the 

50 two angles, and length equality between the first and second 
line segments. This would produce the polyline output 
shown in FIG. SB as output. A user may further indicate 
perpendicularity as shown with the additional small box 
annotation 150 on the second angle shown FIG. SB. This 

55 annotation 150 would be processed as a gesture, recognized 
as a gesture to indicate perpendicularity, and passed on to the 
constraint solving method 122. The constraint solving 
method would take output along with this gesture and all 
other relevant constraints to produce new output shown in 

60 FIG. SC. 

be those defined explicitly by the user (e.g., user defined 65 

parallelism) or those for pairs of primitives (e.g., a line 
segment tangentially intersecting to a circle). However, this 

Through the present on-line geometric shape recognition 
system and method, the best results for user input drawing 
recognition are provided by breaking down primitives and 
constraints on a vector component level. By applying con­
straints to primitives on the vector component level and 
rebuilding the altered primitives for output, the present 
on-line geometric shape recognition system and method is 
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able to handle more primitives and constraints without an 
exponential increase in difficulty. 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ­
ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart­

12 
recognized at least one shape pnm1t1ve from the vector 
components having the at least one constraint applied 
thereto to provide the output. 

9. A non-transitory computer readable medium according 
to claim 8, wherein the at least one input stroke is user drawn 
and the output is at least one smooth geometric shape. 

10. A method for providing geometric shape recognition 
for at least one input stroke on a computing device, the 
computing device comprising a processor and at least one 

10 non-transitory computer readable medium under control of 
the processor, said method comprising: 

ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
details, exhibits, and illustrated examples in this description. 15 
It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 
concepts disclosed herein. 

recognizing, by the at least one non-transitory computer 
readable medium, at least one shape primitive that 
corresponds to at least one input stroke; 

defining, by the at least one non-transitory computer 
readable medium, the at least one shape primitive as a 
plurality of vector components; 

We claim: 20 

1. A non-transitory computer readable medium having a 
computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 
implement a method for providing geometric shape recog­
nition for at least one input stroke, said method comprising: 25 

applying, by the at least one non-transitory computer 
readable medium, at least one vector component level 
constraint to the vector components, the at least one 
constraint geometrically linking at least two of the 
vector components; and 

providing, by the at least one non-transitory computer 
readable medium, an output based on the application of 
the at least one constraint to the vector components. 

11. A method according to claim 10, wherein the plurality 
of vector components include components selected from at 
least one point, length and slope angle. 

recognizing at least one shape primitive that corresponds 
to at least one input stroke; 

defining the at least one shape primitive as a plurality of 
vector components; 

applying at least one vector component level constraint to 
the vector components, the at least one constraint 
geometrically linking at least two of the vector com­
ponents; and 

providing an output based on the application of the at least 
one constraint to the vector components. 

2. A non-transitory computer readable medium according 
to claim 1, wherein the plurality of vector components 
include components selected from at least one point, length 
and slope angle. 

3. A non-transitory computer readable medium according 
to claim 2, wherein the at least one vector component level 
constraint is defined as applying to at least one point, length, 
or slope angle. 

4. A non-transitory computer readable medium according 
to claim 3, wherein the at least one vector component level 
constraint comprises at least one of length equality, angle 
equality, parallelism, symmetry, alignment, tangency, con­
nection, and perpendicularity. 

5. A non-transitory computer readable medium according 
to claim 1, the method further comprising recognizing at 
least one gesture with respect to the at least one input stroke, 
wherein the output is further based on application of at least 
one further constraint associated with the at least one gesture 
to the vector components. 

6. A non-transitory computer readable medium according 
to claim 5, wherein the at least one gesture provides graphi­
cal editing instructions of the at least one shape primitive. 

7. A non-transitory computer readable medium according 

30 12. A method according to claim 11, wherein the at least 
one vector component level constraint is defined as applying 
to at least one point, length, or slope angle. 

13. A method according to claim 12, wherein the at least 

35 
one vector component level constraint comprises at least one 
of length equality, angle equality, parallelism, symmetry, 
alignment, tangency, connection, and perpendicularity. 

14. A method according to claim 10, further comprising 
recognizing at least one gesture with respect to the at least 

40 one input stroke, wherein the output is further based on 
application of at least one further constraint associated with 
the at least one gesture to the vector components. 

15. A method according to claim 14, wherein the at least 
one gesture provides graphical editing instructions of the at 

45 least one shape primitive. 
16. A method according to claim 10, wherein if the at least 

one vector component level constraint comprises multiple 
constraints, the multiple constraints are applied to the vector 
components based on a priority order, wherein the priority 

50 order comprises constraints maintaining the at least one 
shape primitive' s integrity, constraints implicit in the at least 
one shape primitive, and constraints defined by a gesture. 

17. A method according to claim 10, further comprising 
rebuilding the recognized at least one shape primitive from 

55 the vector components having the at least one constraint 
applied thereto to provide the output. 

to claim 1, wherein if the at least one vector component level 
constraint comprises multiple constraints, the multiple con- 60 

straints are applied to the vector components based on a 
priority order, wherein the priority order comprises con­
straints maintaining the at least one shape primitive's integ­
rity, constraints implicit in the at least one shape primitive, 
and constraints defined by a gesture. 65 

18. A method according to claim 17, wherein the at least 
one input stroke is user drawn and the output is at least one 
smooth geometric shape. 

19. A system for providing geometric shape recognition 
for at least one input stroke on a computing device, the 
computing device comprising a processor and at least one 
non-transitory computer readable medium under control of 
the processor, the system comprising: 

causing recognition, by the at least one non-transitory 
computer readable medium, of at least one shape primi­
tive that corresponds to at least one input stroke; 

8. A non-transitory computer readable medium according 
to claim 1, the method further comprising rebuilding the 
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causing definition, by the at least one non-transitory 
computer readable medium, of the at least one shape 
primitive as a plurality of vector components; 

causing application, by the at least one non-transitory 
computer readable medium, of at least one vector 
component level constraint to the vector components, 
the at least one constraint geometrically linking at least 
two of the vector components; and 

causing output, by the at least one non-transitory com­
puter readable medium, based on the application of the 
at least one constraint to the vector components. 

20. A system according to claim 19, wherein the plurality 
of vector components include components selected from at 
least one point, length and slope angle. 

21. A system according to claim 20, wherein the at least 
one vector component level constraint is defined as applying 
to at least one point, length, or slope angle. 

22. A system according to claim 21, wherein the at least 
one vector component level constraint comprises at least one 
of length equality, angle equality, parallelism, symmetry, 
aligmnent, tangency, connection, and perpendicularity. 

23. A system according to claim 19, further comprising 
recognizing at least one gesture with respect to the at least 

14 
one input stroke, wherein the output is further based on 
application of at least one further constraint associated with 
the at least one gesture to the vector components. 

24. A system according to claim 23, wherein the at least 
one gesture provides graphical editing instructions of the at 
least one shape primitive. 

25. A system according to claim 19, wherein if the at least 
one vector component level constraint comprises multiple 
constraints, the multiple constraints are applied to the to the 

10 vector components based on a priority order, wherein the 
priority order comprises constraints maintaining the at least 
one shape primitive's integrity, constraints implicit in the at 
least one shape primitive, and constraints defined by a 

15 
gesture. 

26. A system according to claim 19, further comprising 
causing rebuilding of the recognized at least one shape 
primitive from the vector components having the at least one 
constraint applied thereto to provide the output. 

20 
27. A system according to claim 26, wherein the at least 

one input stroke is user drawn and the output is at least one 
smooth geometric shape. 

* * * * * 
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SYSTEM AND METHOD FOR 
RECOGNIZING MULTIPLE OBJECT 

STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

2 
are processed to recognize and interpret the input. The type 
of computing device or input surface can also determine the 
type of handwriting recognition system or method utilized. 
For instance, if the input surface is large enough (such as a 
tablet), the user can handwrite input anywhere on or above 
the input surface, as if the user was writing on paper. This 
however adds complexity to the recognition task, because 
the separate elements to be recognized may be related 
dependent of the relative positions of the elements or may be 

This application claims priority to European Application 
No. 16290015.3 filed on Jan. 20, 2016, which is incorpo­
rated herein by reference in its entirety and made a part 
thereof. 

10 unrelated independent of their relative positions. 

TECHNICAL FIELD 

The present description relates generally to the field 15 

recognizing input of multiple handwritten objects within 
structures using computing devices. The present description 
relates more specifically to detecting two-dimensional struc­
tures for handwritten content through consideration of posi­
tional relationships of the input content and the handwriting 20 

recognition of the input content. 

BACKGROUND 

For example, for structured content, such as mathematical 
equations, tables and matrices, the relative positioning of the 
handwritten elements are necessary for defining the struc­
ture. Some systems are available for dealing with the rec­
ognition of mathematical matrices, for example, U.S. Pat. 
Nos. 7,447,360 and 8,121,412. These systems rely on 
indicative elements for recognition, such as brackets or 
spatial alignment, e.g., within rows and colunms, and as 
such merely recognize the structure without regard to the 
content itself. Whilst such recognition is applicable to rela­
tively simple and well-formed matrices, they are unable to 
deal with more complex matrices, e.g., containing complex 
elements like equations, sub-matrices, etc., ill-aligned 
matrix elements or matrices having empty element cells, 

Computing devices continue to become more ubiquitous 
to daily life. They take the form of computer desktops, 
laptop computers, tablet computers, hybrid computers (2-in-

25 e.g., row and colunm positions. Further, the described sys­
tems of these patents provide absolute recognition of these 
structures thereby influencing recognition of the content 
itself. 1 s), e-book readers, mobile phones, smartphones, wearable 

computers (including smartwatches, smart glasses/head­
sets), global positioning system (GPS) units, enterprise 30 

digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 
being incorporated into vehicles and equipment, such as 
cars, trucks, farm equipment, manufacturing equipment, 
building environment control (e.g., lighting, HVAC), and 35 

home and commercial appliances. 
Computing devices generally consist of at least one 

processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 
variety of computing devices and their subsequent uses 40 

necessitate a variety of interfaces and input devices. One 
such input device is a touch sensitive surface such as a touch 
screen or touch pad wherein user input is received through 
contact between the user's finger or an instrument such as a 
pen or stylus and the touch sensitive surface. Another input 45 

device is an input surface that senses gestures made by a user 
above the input surface. A further input device is a position 
detection system which detects the relative position of either 
touch or non-touch interactions with a non-touch physical or 
virtual surface. Any of these methods of input can be used 50 

generally for drawing or inputting text. The user's hand­
writing is interpreted using a handwriting recognition sys­
tem or method. Other systems for handwriting input to 
computing devices include electronic or digital pens which 
interact with paper, encoded surfaces or digitizing surfaces 55 

in order to have their movement relative to the surface 
tracked by a computing device, such as the systems provided 
by Anoto AB., Leapfrog Enterprises, Inc., and Livescribe, 
Inc. 

Regardless of the input method used, handwriting recog- 60 

nition systems and methods typically involve determining 
the initiation of a digital ink stroke, such as when first 
contact with a touch sensitive surface is made (pen-down 
event); the termination of the stroke, such as when contact 
with the touch sensitive surface is ceased (pen-up event); 65 

and any movement (gestures or strokes) made between 
stroke initiation and termination. These determined strokes 

What is required is a system that recognizes matrices and 
like complex content structures, that do not rely on the input 
of specific designation elements or gestures and do not 
significantly increase processing time or complexity to the 
recognition of themselves whilst retaining sufficient recog-
nition accuracy. 

SUMMARY 

The examples of the present invention that are described 
herein below provide systems and methods for providing a 
system for recognizing an arrangement of multiple objects 
on computing devices. In one example, the computing 
device may include a processor and at least one non­
transitory computer readable medium for recognizing hand­
writing input under control of the processor. The non­
transitory computer readable medium may be configured to 
determine with the medium at least one geometrical rela­
tionship between a plurality of recognized elements of the 
input and allocate with the medium the recognized elements 
having the at least one geometrical relationship therebe­
tween to corresponding positions of an arrangement of the 
recognized elements. The positions of the arrangement may 
be cells of a two-dimensional structure of the recognized 
elements. The at least one geometrical relationship may be 
an overlap of the plurality of recognized elements in one or 
more directions of the arrangement. 

The at least one non-transitory computer readable 
medium may also be configured to determine the overlap 
based on a comparison of a directional distance between one 
or more geometrical features of the plurality of recognized 
elements with at least one geometrical threshold. The at least 
one geometrical threshold may be based on at least one 
geometrical spacing of at least some of the recognized 
elements. The at least one geometrical spacing may also be 
a maximum spacing between components of the at least 
some of the recognized elements. 

In another example, the present invention includes a 
method for recognizing an arrangement of multiple objects 
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on computing devices. Each computing device may com­
prise a processor and at least one non-transitory computer 
readable medium for recognizing handwriting input under 
control of the processor. The method may comprise the steps 
of (i) determining, with the medium, at least one geometrical 
relationship between a plurality of recognized elements of 
the input, and (ii) allocating, with the medium, the recog­
nized elements having the at least one geometrical relation­
ship there between to corresponding positions of an arrange­
ment of the recognized elements. The positions of the 10 

arrangement may be cells of a two-dimensional structure of 

4 
FIG. 3 shows a block diagram illustrating detail of the 

handwriting recognition system of FIG. 2 in accordance 
with an example of the present system and method; 

FIG. 4A shows an example of a handwritten input in the 
form of a 2x2 matrix in accordance with the present system; 

FIG. 4B shows an example of the recognized output of the 
handwritten input of FIG. 4A. 

FIG. SA shows an example of a handwritten input in the 
form of a 2x3 matrix in accordance with the present system; 

FIG. 5B shows an example of the recognized output of the 
handwritten input of FIG. SA. 

FIG. 6 shows an example of a handwritten input in the 
form of a 2x2 matrix in accordance with the present system. 

the recognized elements. The at least one geometrical rela­
tionship may be an overlap of the plurality of recognized 
elements in one or more directions of the arrangement. 

The method may further comprise the step of determining 

FIG. 7 shows an example of a handwritten input in the 
15 form of a 2x2 matrix in accordance with the present system. 

the overlap based on a comparison of a directional distance 
between one or more geometrical features of the plurality of 
recognized elements with at least one geometrical threshold. 
The at least one geometrical threshold may be based on at 20 

least one geometrical spacing of at least some of the recog­
nized elements. The at least one geometrical spacing may be 
a maximum spacing between components of the at least 
some of the recognized elements. 

In another example, the present invention includes a 25 

non-transitory computer readable medium having a com­
puter readable program code embodied therein. The com­
puter readable program code may be adapted to be executed 
to implement a method for recognizing an arrangement of 
multiple objects input to a computing device. The computing 30 

device may comprise a processor and at least one system 
non-transitory computer readable medium for recognizing 
handwriting input under control of the processor. The 
method comprises (i) determining, with the medium, at least 
one geometrical relationship between a plurality of recog- 35 

nized elements of the input, and (ii) allocating, with the 
medium, the recognized elements having the at least one 
geometrical relationship therebetween to corresponding 
positions of an arrangement of the recognized elements. The 
positions of the arrangement may be cells of a two-dimen- 40 

sional structure of the recognized elements. The at least one 
geometrical relationship may be an overlap of the plurality 
of recognized elements in one or more directions of the 
arrangement. 

The method may further comprise the step of determining 45 

the overlap based on a comparison of a directional distance 
between one or more geometrical features of the plurality of 
recognized elements with at least one geometrical threshold. 
The at least one geometrical threshold may be based on at 
least one geometrical spacing of at least some of the recog- 50 

nized elements. The at least one geometrical spacing may be 
a maximum spacing between components of the at least 
some of the recognized elements. 

FIG. 8 shows an example of a handwritten input in the 
form of a 4x4 matrix in accordance with the present system. 

FIG. 9 shows an example of a handwritten input in the 
form of a 2x3 matrix in accordance with the present system. 

FIG. 10 shows an example of a handwritten input in the 
form of a 2x2 matrix in accordance with the present system. 

FIG. llA shows an example of a handwritten input in the 
form of a 3x3 matrix in accordance with the present system. 

FIG. 11B shows an example of the recognized output of 
the handwritten input of FIG. llA. 

FIG. 12 shows an example of a handwritten input in the 
form of a 3x3 matrix in accordance with the present system. 

FIG. 13 shows an example of a handwritten input in 
accordance with the present system. 

FIG. 14A shows another example of a handwritten input 
in accordance with the present system. 

FIG. 14B shows an example of the recognized output of 
the handwritten input of FIG. 14A. 

FIG. 15 shows yet another example of a handwritten input 
in accordance with the present system. 

FIG. 16 shows an example of a handwritten input in the 
form of a 3x3 matrix with nested matrices in accordance 
with the present system. 

FIG. 17 shows an example of a handwritten input in the 
form of a 1 x3 matrix in accordance with the present system. 

FIG. 18 shows an example of a handwritten input in the 
form of a 3x 1 matrix in accordance with the present system. 

FIG. 19 shows an example of a handwritten input in 
accordance with the present system. 

FIG. 20 shows an example of a handwritten input in 
accordance with the present system. 

FIGS. 21-31 show an example of matrix recognition in 
accordance with the present system. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How-

BRIEF DESCRIPTION OF THE DRAWINGS 

The present system and method will be more fully under­
stood from the following detailed description of the 
examples thereof, taken together with the drawings. In the 
drawings like reference numerals depict like elements. In the 
drawings: 

55 ever, it should be apparent to those of ordinary skill in the 
art that the present teachings may be practiced without such 
details. In other instances, well known methods, procedures, 
components, and/or circuitry have been described at a rela­
tively high-level, without detail, in order to avoid unneces-

FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system and 
method; 

FIG. 2 shows a block diagram of a system for handwriting 
recognition in accordance with an example of the present 
system and method; 

60 sarily obscuring aspects of the present teachings. Reference 
to and discussion of directional features such as up, down, 
above, below, lowest, highest, horizontal, vertical, etc., are 
made with respect to the Cartesian coordinate system as 
applied to the input surface on which the input to be 

65 recognized is made. 
The various technologies described herein generally 

relate to capture, processing and management of hand-
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drawn and handwritten content on portable and non-portable 
computing devices in a manner which retains the inputted 
style of the content while allowing conversion to a faithful 
typeset or beautified version of that content. The systems 
and methods described herein may utilize recognition of 
users' natural writing and drawing styles input to a com­
puting device via an input surface, such as a touch sensitive 
screen, connected to, or of, the computing device or via an 
input device, such as a digital pen or mouse, connected to the 
computing device or via a physical or virtual surface moni­
tored by a position detection system. Whilst the various 
examples are described with respect to recognition of hand­
writing input using so-called online recognition techniques, 
it is understood that application is possible to other forms of 
input for recognition, such as ofl.line recognition in which 
images rather than digital ink are recognized. The terms 
hand-drawing and handwriting are used interchangeably 
herein to define the creation of digital content by users 
through use of their hands either directly onto a digital or 
digitally connected medium or via an input tool, such as a 
hand-held stylus. The term "hand" is used herein to provide 
concise description of the input techniques, however the use 
of other parts of a users' body for similar input is included 
in this definition, such as foot, mouth and eye. 

FIG. 1 shows a block diagram of an example computing 
device 100. The computing device may be a computer 
desktop, laptop computer, tablet computer, e-book reader, 
mobile phone, smartphone, wearable computer, digital 
watch, interactive whiteboard, global positioning system 
(GPS) unit, enterprise digital assistant (EDA), personal 
digital assistant (PDA), game console, or the like. The 
computing device 100 includes components of at least one 
processing element, some form of memory and input and/or 
output (I/O) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 
lines, buses, cables, buffers, electromagnetic links, net­
works, modems, transducers, IR ports, antennas, or others 
known to those of ordinary skill in the art. 

The illustrated example of the computing device 100 has 
at least one display 102 for outputting data from the com­
puting device such as images, text, and video. The display 
102 may use LCD, plasma, LED, iOLED, CRT, or any other 
appropriate technology that is or is not touch sensitive as 
known to those of ordinary skill in the art. At least some of 
the display 102 is co-located with at least one input surface 
104. The input surface 104 may employ technology such as 
resistive, surface acoustic wave, capacitive, infrared grid, 
infrared acrylic projection, optical imaging, dispersive sig-
nal technology, acoustic pulse recognition, or any other 
appropriate technology as known to those of ordinary skill 
in the art to receive user input. The input surface 104 may 
be bounded by a permanent or video-generated border that 
clearly identifies its boundaries. Instead of, or additional to, 

6 
laser readers, radio-frequency device readers, or any other 
appropriate technology known to those of ordinary skill in 
the art. Further, the I/O devices may include output devices 
such as a printer, bar code printers, or any other appropriate 
technology known to those of ordinary skill in the art. 
Furthermore, the I/O devices may include communications 
devices that communicate both inputs and outputs such as a 
modulator/demodulator (modem; for accessing another 
device, system, or network), a radio frequency (RF) or other 

10 transceiver, a telephonic interface, a bridge, a router, or any 
other appropriate technology known to those of ordinary 
skill in the art. The local interface may have additional 
elements to enable communications, such as controllers, 
buffers (caches), drivers, repeaters, and receivers, which are 

15 omitted for simplicity but known to those of skill in the art. 
Further, the local interface may include address, control, 
and/or data connections to enable appropriate communica­
tions among the other computer components. 

The computing device 100 also includes a processor 106, 
20 which is a hardware device for executing software, particu­

larly software stored in the memory 108. The processor can 
be any custom made or commercially available general 
purpose processor, a central processing unit (CPU), com­
mercially available microprocessors including a semicon-

25 ductor based microprocessor (in the form of a microchip or 
chipset), microcontroller, digital signal processor (DSP), 
application specific integrated circuit (ASIC), field program­
mable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 

30 components, state machine, or any combination thereof 
designed for executing software instructions known to those 
of ordinary skill in the art. 

The memory 108 can include any one or a combination of 
volatile memory elements ( e.g., random access memory 

35 (RAM, such as DRAM, SRAM, or SD RAM)) and nonvola­
tile memory elements (e.g., ROM, EPROM, flash PROM, 
EEPROM, hard drive, magnetic or optical tape, memory 
registers, CD-ROM, WORM, DVD, redundant array of 
inexpensive disks (RAID), another direct access storage 

40 device (DASD), or any other magnetic, resistive or phase­
change nonvolatile memory). Moreover, the memory 108 
may incorporate electronic, magnetic, optical, and/or other 
types of storage media. The memory 108 can have a 
distributed architecture where various components are situ-

45 ated remote from one another but can also be accessed by the 
processor 106. Further, the memory 108 may be remote from 
the device, such as at a server or cloud-based system, which 
is remotely accessible by the computing device 100. The 
memory 108 is coupled to the processor 106, so the proces-

50 sor 106 can read information from and write information to 
the memory 108. In the alternative, the memory 108 may be 
integral to the processor 106. In another example, the 
processor 106 and the memory 108 may both reside in a 
single ASIC or other integrated circuit. 

The software in memory 108 includes an operating sys-
tem 110, an application 112 in the form of a non-transitory 
computer readable medium having a computer readable 
program code embodied therein, and a handwriting recog­
nition (HWR) system 114, which may each include one or 

an on-board display, the computing device 100 may have a 
projected display capability. Alternatively, the computing 55 

device may include the input surface independent of, or 
without, a display. In the case of a device having no display, 
input made via the input surface is not displayed by the 
computing device, rather the device acts as an input device 
only with the recognized input (discussed later) used for 
control input, for example, or displayed as content on a 
connected device or dedicated display device. 

60 more separate computer programs, each of which has an 
ordered listing of executable instructions for implementing 
logical functions. The operating system 110 controls the 
execution of the applications 112 and the HWR system 114. 
The operating system 110 may be any proprietary operating 

The computing device 100 may include one or more 
additional I/O devices (or peripherals) that are communica­
tively coupled via a local interface. The additional I/O 
devices may include input devices such as a keyboard, 
mouse, scanner, microphone, touchpads, bar code readers, 

65 system or a commercially or freely available operating 
system, such as WEBOS, WINDOWS®, MAC and 
!PHONE OS®, LINUX, and ANDROID. It is understood 
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that other operating systems may also be utilized. Alterna­
tively, the application 112 of the present system and method 
may be provided without use of an operating system. 

The application 112 may be related to handwriting rec­
ognition as described herein, different functions, or both. 
The application 112 includes programs provided with the 
computing device 100 upon manufacture and may further 
include programs uploaded or downloaded into the comput-
ing device 100 after manufacture. Some examples include a 
text editor, telephone dialer, contacts directory, instant mes- 10 

saging facility, computer-aided design (CAD) program, 
email program, word processing program, web browser, and 
camera. 

8 
malizing of the path connecting the stroke initiation and 
termination locations by applying size normalization and/or 
methods such as B-spline approximation to smooth the 
input. The preprocessed strokes are then passed to the 
recognition stage 118 which processes the strokes to recog­
nize the objects formed thereby. The recognized objects are 
then output 120 to the display 102 generally as a typesetted 
version of the handwritten elements/characters. 

The recognition stage 118 may include different process­
ing elements or experts. FIG. 3 is a schematic pictorial of the 
example of FIG. 2 showing schematic detail of the recog­
nition stage 118. Three experts (segmentation expert 122, 
recognition expert 124, and language expert 126) are illus­
trated which collaborate through dynamic prograniming to The HWR system 114, with support and compliance 

capabilities, may be a source program, executable program 
( object code), script, application, or any other entity having 
a set of instructions to be performed. When a source pro­
gram, the program needs to be translated via a compiler, 
assembler, interpreter, or the like, which may or may not be 
included within the memory, so as to operate properly in 
connection with the operating system. Furthermore, the 
handwriting recognition system with support and compli­
ance capabilities can be written as (a) an object oriented 
programming language, which has classes of data and meth­
ods; (b) a procedure programming language, which has 
routines, subroutines, and/or functions, for example but not 
limited to C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
Objective C, Swift, and Ada; or ( c) functional prograniming 
languages for example but no limited to Hope, Rex, Com­
mon Lisp, Scheme, Clojure, Racket, Erlang, OCaml, 
Haskell, Prolog, and F#. Alternatively, the HWR system 114 
may be a method or system for communication with a 
handwriting recognition system remote from the device, 
such as server or cloud-based system, but is remotely 
accessible by the computing device 100 through communi­
cations links using the afore-mentioned communications I/0 
devices of the computing device 100. Further, the applica­
tion 112 and the HWR system 114 may operate together or 

15 generate the output 120. 
The segmentation expert 122 defines the different ways to 

segment the input strokes into individual element hypoth­
eses, e.g., alphanumeric characters and mathematical opera­
tors, text characters, individual shapes, or sub expression, in 

20 order to form expressions, e.g., mathematical equations, 
words, or groups of shapes. For example, the segmentation 
expert 122 may form the element hypotheses by grouping 
consecutive strokes of the original input to obtain a seg­
mentation graph where each node corresponds to at least one 

25 element hypothesis and where adjacency constraints 
between elements are handled by the node connections. 

The recognition expert 124 provides classification of the 
features extracted by a classifier 128 and outputs a list of 
element candidates with probabilities or recognition scores 

30 for each node of the segmentation graph. Many types of 
classifiers exist that could be used to address this recognition 
task, e.g., Support Vector Machines, Hidden Markov Mod­
els, or Neural Networks such as Multilayer Perceptrons, 
Deep, Convolutional or Recurrent Neural Networks. The 

35 choice depends on the complexity, accuracy, and speed 
desired for the task. 

be combined as a single application. Further still, the appli­
cation 112 and/or the HWR system 114 may be integrated 40 

within the operating system 110. 
Strokes entered on or via the input surface 104 are 

processed by the processor 106 as digital ink. A user may 
enter a stroke with a finger or some instrument such as a pen 
or stylus suitable for use with the input surface. The user 45 

may also enter a stroke by making a gesture above the input 
surface 104 if technology that senses motions in the vicinity 
of the input surface 104 is being used, or with a peripheral 
device of the computing device 100, such as a mouse or 
joystick. A stroke is characterized by at least the stroke 50 

initiation location, the stroke termination location, and the 
path connecting the stroke initiation and termination loca­
tions as captured by the application 112 and/or HWR system 
114. Further information such as timing, pressure, angle at 
a number of sample points along the path may also be 55 

captured to provide deeper detail of the strokes. Because 
different users may naturally write the same object, e.g., a 
letter, a shape, or a symbol, with slight variations, the 
present system accommodates a variety of ways in which 
each object may be entered whilst being recognized as the 60 

correct or intended object. 
FIG. 2 is a schematic pictorial of an example of the HWR 

system 114. The HWR system 114 includes stages such as 
preprocessing 116, recognition 118 and output 120. The 
preprocessing stage 116 processes the digital ink to achieve 65 

greater accuracy and reducing processing time during the 
recognition stage 118. This preprocessing may include nor-

The language expert 126 generates linguistic meaning for 
the different paths in the segmentation graph using language 
models ( e.g., grammar or semantics). The expert 126 checks 
the candidates suggested by the other experts according to 
linguistic information 130. The linguistic information 130 
can include a lexicon, regular expressions, etc. and is the 
storage for all static data used by the language expert 126 to 
execute a language model. A language model can rely on 
statistical information on a given language. The linguistic 
information 130 is computed off-line, with or without adap­
tion according to the results of recognition and user inter­
actions, and provided to the linguistic expert 126. The 
language expert 126 aims at finding the best recognition 
path. In one example, the language expert 126 does this by 
exploring a language model such as final state automaton 
(FSA) representing the content of linguistic information 
130. In addition to the lexicon constraint, the language 
expert 126 may use a language model with statistical infor­
mation modeling for how frequent a given sequence of 
elements appears in the specified language or is used by a 
specific user to evaluate the linguistic likelihood of the 
interpretation of a given path of the segmentation graph. 

The system and method described herein make use of the 
HWR system 114 in order to recognize handwritten input to 
the device 100. In particular, the present system and method 
recognizes content input within structures, such as matrices. 
A matrix is defined herein as the layout of several elements 
which are generally related, typically numbers, characters, 
symbols, mathematical expressions, in one or more rows and 
columns without the use of row and/or colunm designators, 
like lines and headers which may be present in a table, or dot 
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points and numbers which may be present in a list, for 
example. Such matrices are typically used in mathematical 
operations, and may be input by one or more users of the 
device 100 in order to capture information and/or carry out 
such operations, either manually through the process of 
handwriting or automatically through capabilities of the 
application 112, for example, to provide mathematical solu­
tions ( discussed later). 

Unlike the afore-discussed known systems for recogniz­
ing structured input, such as matrices, the present system 
and method do not require users to input specific content to 
enable the recognition, such as brackets, nor use processes 
which fail to recognize matrices having more complex 
elements, like equations, sub-matrices, ill-aligned elements 
and missing elements. Further, the known systems use 
geometrical projection to detect rows and colunms and only 
process entire structures for recognition, whereas the present 
system and method may use incremental recognition and 
geometrical relationships of all elements without projection. 
These and other features of the present system and method 
are now discussed. 

FIGS. 4 to 20 illustrate various examples of handwritten 
or hand-drawn matrices, with some shown in typeset version 
also. FIG. 4A shows handwritten input which has been made 
onto the input surface 104 of the device 100, for example, 
rendered as a 2 by 2 ( or 2x2; herein the standard use of 
'number of rows'x'number of columns' is used) digital ink 
matrix 400. The matrix 400 has four content elements 402, 
being "3", 404 being "2", 406 being "7" and 408 being "1". 
The elements 402 and 404 are located in a first substantially 
horizontal line or row 410, the elements 406 and 408 are 
located in a second substantially horizontal line or row 412, 
the elements 402 and 406 are located in a first substantially 
vertical line or colunm 414, and the elements 404 and 408 
are located in a second substantially vertical line or colunm 
416. These content elements are contained within a first 
substantially vertical bracket or fence element 418 (e.g., on 
the left hand side of the first colunm 414) and a second 
substantially vertical bracket or fence element 420 (e.g., on 
the right hand side of the second column 414). The relative 
positions of the content elements in one or more rows and 
one or more colunms provides a first characteristic of the 
matrix 400 based on at least one geometrical relationship of 
the recognized elements of the input and the containment of 
the content elements within one or more fence elements 
provides a second characteristic of the matrix 400. 

The application 112 of the present system and method 
detects the first characteristic either alone or in combination 
with the second characteristic in conjunction with the hand­
writing recognition performed by the HWR system 114 to 
determine that the input 400 is a matrix, and applies pre­
determined and/or user settable, e.g., via a user interface 
(UI) on the device 100, formatting to output a typeset matrix 
400' as shown in FIG. 4B. As can be seen, the typeset matrix 
400' has typeset versions 402' to 408' of the digital ink 
content elements 402 to 408, respectively, still arranged in 

10 
izing the ink elements, such as the characters themselves, 
etc. Whether beautification is carried out in digital ink or 
typeset ink ( e.g., the relative positions of the matrix elements 
are aligned), or both, users may be provided with feedback 
on the recognition of the matrix and its content, such as 
through a preview of the recognition result or elements 
thereof, such as display of brackets if not already input. 

The input of FIG. 4 is a relatively simple example of a 
matrix with single digit numbers as content elements rela-

10 tively well-aligned in rows and columns and with relatively 
clear fences around that content. FIG. SA shows a similarly 
simple 2x3 digital ink matrix rendered from handwritten 
input but with alphabetic content elements. FIG. 5B shows 
the recognized output of the present system and method as 

15 a typeset matrix. Like FIG. 4, the input of FIG. 5 is a 
relatively simple example of a matrix with single alphabetic 
characters as content elements relatively well-aligned in 
rows and colunms and with relatively clear fences around 
that content. FIG. 6 shows a similarly simple 2x2 digital ink 

20 matrix rendered from handwritten input with single digit 
numbers as content elements relatively well-aligned in rows 
and columns but surrounded or contained by differently 
shaped fence elements, e.g., round brackets instead of square 
brackets are used. The present system and method is con-

25 figured to recognize these different, and other, fence forms 
in order to assist in the detection of matrix input. It is noted 
that while a fence element is the secondary characteristic of 
a matrix, other structures having a primary characteristic of 
content in rows and/or colunms have similar secondary 

30 characteristics, such as drawn vertical and/or horizontal 
lines in tables, for example. Further, recognition of the first 
characteristic of the input matrix alone, that is without 
consideration of the second characteristic ( e.g., fence ele­
ments may not even be present), may be sufficient for such 

35 detection, as described in detail later. 
A slightly more complex example of a handwritten matrix 

is shown in FIG. 7, where the input 2x2 matrix has double 
digit numbers as content elements with at least one slightly 
misaligned colunm, e.g., the left-hand colunm. This slight 

40 misalignment coupled with the spaces between the digits of 
each double digit element provide a challenge for correct 
recognition of the matrix being a 2x2 matrix, since one or 
more of the spaces may be considered as spaces between 
columns rather than between components of double digits, 

45 and as such it is conceivable that without robust recognition 
rules, the matrix of FIG. 7 could be detected as a 2x5 matrix 
of single digit elements (e.g., the "1" s of the "11", the "1" 
and "2" of the "12", the "1" and "3" of the "13" and the "1" 
and "4" of the "14" are treated separately with the first "1" 

50 of the "11" allocated to the first colunm, the second "1" of 
the "11" and the "1" of the "13" allocated to the second 
column, the "3" of the "13" allocated to the third colunm, the 
"1" of the "12" and the "1" of the "14" allocated to the fourth 
column, and the "2" of the "12" and the "4" of the "14" 

55 allocated to the fifth colunm. Similar results of course can 

the rows 410,412 and columns 414,416, and typeset versions 
418' and 420' of the digital ink fence elements 418 and 420, 
respectively. Accordingly, the present system and method 
displays the recognized matrix 400 in a format that is 60 

expected by users for a digital version of a matrix, for 
example. It is understood, that the display format of the 
recognized matrix made be different, and may not necessar-

occur for larger numbers. If such an incorrect recognition is 
made, then the consequential beautified output of the rec­
ognition would display a recognized matrix which is quite 
different to that intended by the user and/or any subsequent 
use of the data re). The present method and system employs 
criteria to minimize the occurrence of such incorrect matrix 
recognition caused by over-segmentation of the content 
elements which returns more columns than applicable to the 
matrix, which is described in detail later. ily be in 'typeset ink', but 'beautified' digital ink; that is, the 

display of digital ink is retained but the natural variations of 65 

handwriting are softened or normalized by modifying the 
relative positions of the elements, smoothing and/or normal-

Other content element forms also provide a challenge, 
with or without apparent misalignment. For example, FIG. 
8 shows a handwritten matrix having content elements as 
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single digit numbers where some have designators, e.g., 
minus signs, which designate a mathematical meaning to 
those content elements. Such designators may be formed by 
a wide variety of symbols, marks or characters, and like for 
the large(r) number example of FIG. 7, the over-segmenta­
tion of the content elements would result in these designa­
tors being allocated into colunms separate from the content 
which they designate. Similar issues apply also to numerical 
content elements involving decimals as shown in the 
example matrix of FIG. 9, and fractions as shown in the 10 

example matrix of FIG. 10. 
Minimization of incorrect recognition for such matrix 

input is provided in the present system and method by taking 
the recognition of the content elements themselves into 
account in the matrix detection process of the application 15 

112. That is, for the example matrix of FIG. 8 the HWR 
system 114 recognizes the designators as minus signs con­
nected to the numbers on the immediate right hand side 
thereof forming "-1", "-2" and "-3", for example, such that 
the application 112 treats these as a single content element 20 

each, for the example matrix of FIG. 9 the HWR system 114 
recognizes the decimal point between adjacent numbers 
forming "3.5", for example, such that the application 112 
treats this as a single content element, and for the example 
matrix of FIG. 10 the HWR system 114 recognizes the 25 

divider line between adjacent numbers forming the fraction 
"¼", for example, such that the application 112 treats this as 

12 
therefore the identification of the row ( or column) is made 
by considering non-aligned elements. The present system 
and method provides robust matrix detection even in such 
content scenarios, as described in detail later. 

As described earlier, the presence of fence elements can 
be used to assist the recognition of a matrix, particularly 
when empty cells are present. This is because, if the pres­
ence of fence elements is interpreted to mean that the content 
surrounded, contained or otherwise adjacent ( e.g., in a single 
fence scenario) the fence element( s) is laid out in one or 
more rows and one or more colunms, the empty cells are 
considered as part of such row(s) and/or column(s) rather 
than as non-content. However, as also described earlier, the 
present system and method is capable of recognizing two­
dimensional content structures without the presence or aide 
of structural indicators, such as fence elements for matrices. 
For example, FIG. 13 shows an example input matrix with 
empty cells, like the example of FIG. 12, but unlike FIG. 12 
no fence elements are present. The present system and 
method still correctly identifies the row and colunm struc­
ture of FIG. 13, however the recognition result may or may 
not be identified as a matrix. That is, it may just be identified 
as two-dimensional structure, which may not have any 
practical consequential effect depending on any subsequent 
use of the recognition result. Even in such a case, selection 
by users to designate the recognized structure as a matrix 
may be provided, via the UI or the like, and/or through 
feedback or preview of the recognition result, such as the 
display of generated digital or typeset ink fence elements 

a single content element. The marmer in which the present 
system and method takes the recognition results into account 
for content structure detection is described in detail later. 30 about the displayed content elements, for example. Such 

features of the present system and method are described in 
detail later. 

Other matrix types include a mixture of content element 
types, such as numbers or alphabetic characters, and still 
other matrix content element types include abstract math­
ematical forms, such as subscripts and superscripts. For 
example, FIG. llA shows a handwritten matrix having both 35 

numerical content elements, being "0", and alphanumeric 
content elements having alphabetic characters designated 
with subscript numerals. Similar to the designator examples 
of FIGS. 8 to 10 described above, by taking the recognized 
content into account, e.g., the HWR system 114 recognizes 40 

the subscripts connected to the numbers on the immediate 
left hand side thereof forming "au", "a22" and "a33", the 
application 112 provides the recognized matrix shown in 
FIG. 11B displayed in typeset ink, since the subscripts are 
treated as part of a greater content element and not as an 45 

entire content element themselves. 
FIG. 12 shows a similar example input matrix with 

content elements including subscripts. However, unlike the 
earlier examples, the matrix of FIG. 12 also includes empty 
content element positions or cells. That is, each row and 50 

colunm position is considered as a cell, such that the content 
element position at the first row ( e.g., identified as row 0, 
say) and the first colunm (e.g., identified as colunm 0, say) 
corresponds to "cell 0,0", for example. Other forms of 
identifying matrix element positions are possible however. 55 

Further, the application 112 and/or HWR system 114 may 
apply such identifiers to the recognized content as positional 
data, such as data tags, stored in the memory 108 of the 
device 100, for example. The presence of such empty cells 
can cause another challenge for the proper recognition of 60 

two-dimensional structured content, such as matrices, since 
the identification of the rows and columns of the structure is 
conceivably only ascertainable through the consideration of 
elements from other rows and/or colunms, not from within 
the same row and/or colunm of the element under consid- 65 

eration. For example, an element in an otherwise empty row 
(or colunm) is not aligned with any other element and 

Still further complexity in two-dimensional structures is 
possible. FIG. 14A shows the example 2x3 digital ink matrix 
of FIG. SA with additional input. In particular, a 3x2 
handwritten matrix is input to the immediate right of the 2x3 
matrix followed by an equals sign, "=", and a further matrix 
which includes two mathematical equations. As can be seen, 
the right-most matrix includes the partial result of the 
multiplication of the first two matrices, that is the product of 
row O of the 2x3 matrix and colunm O of the 3x2 matrix, and 
the product of row 1 of the 2x3 matrix and column 1 of the 
3x2 matrix, where the full result would form an expected 
2x2 matrix. FIG. 14B shows the recognized output in 
typeset form, and as can be seen the equations of the third 
matrix are properly recognized as belonging to cell 0,0 and 
cell 1,1 of a 2x2 matrix. This recognition results despite 
relatively significant overlap of the handwritten equations, 
as shown in FIG. 14A. As described earlier, this recognition 
is achieved by the present system and method through 
consideration of the recognition of the equations within the 
rows of third matrix and may also be recognized through 
consideration of the whole recognized content, e.g., the 
expected 2x2 matrix resulting from the product of a 2x3 
matrix and a 3x2 matrix. These features are described in 
detail later. 

By treating the content elements as belonging to cells of 
the two-dimensional structure with regard to the one or more 
recognized elements of each content element based on the 
recognition result from the HWR system 114, rather than 
treating individual input elements individually to determine 
cell allocations, the present system and method is able to 
substantially accurately detect even more complex matrix 
forms. For example, FIG. 15 shows an example handwritten 
2x2 matrix with each content element including relatively 
complex mathematical functions combining many of the 
afore-described content features, e.g., alphabetic characters, 
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words, numbers, superscripts, brackets, symbols, and des­
ignators, such as a minus sign and divider lines. However, 
despite this complexity the present system and method 
detects the 2x2 matrix since the recognized composite parts 
of each recognized function is treated as a single content 
element belonging to a corresponding matrix cell. Further, 
FIG. 16 shows an example handwritten 3x3 matrix which 
includes nested matrices, e.g., cell 0,0 includes a 2x2 
sub-matrix, cell 1,1 includes a 2x3 sub-matrix and cell 2,2 

14 
system 114 in order to guide recogmt10n of the matrix 
content and the structure of the matrix, such as discussed 
above, for example. 

As can be seen from the afore-described examples, the 
natural variation in hand-drawn matrices is wide and as such 
a system which robustly determines structural relationships, 
like these matrices, must be able to generally perform 
detection and recognition over this wide range of variations. 

includes a 2x3 sub-matrix. 10 
Of course, some limits apply as to what should be correctly 
recognized as a matrix, for example, so that the general 
definition is adhered to. The present system and method While relatively complex matrices present a challenge for 

detection and recognition, overly simple matrices, such as 
single row or single colunm matrices, also present a chal­
lenge. FIG. 17 shows an example lx3 handwritten matrix 
and FIG. 18 shows an example 3xl handwritten matrix. In 
either case since (similar to the empty cell issue discussed 
earlier) there is no inter-row relationship for the lx3 matrix 
or inter-colunm relationship for the 3xl matrix it may be 
difficult to determine the presence of multiple colunms ( or 
rows). This is because, only the content elements within that 
row or colunm itself are considerable for determining col­
unms or rows, and as such the values of the distances or 
spaces between those elements in relation to set thresholds 
or the like for colunm or row determination are critical to 
that determination. Basically, less information is available 
such that determination is more problematic. 

For example, in FIG. 17 depending on the threshold set 
for column determination, the content may be recognized as 
a lx3 matrix with content elements "3", "7" and "2", or a 
lx2 matrix with content elements "3" and "72", or not a 
matrix at all with content "372". Likewise, in FIG. 18 
depending on the threshold set for row determination, the 
content may be recognized as a 3xl matrix with content 
elements "4", "1" and "8", or a 2xl matrix with content 
elements "4" and "18", or not a matrix at all with (vertically 
disposed) content "418". As discussed earlier, the secondary 
characteristic of a fence element(s) may assist with matrix 
detection per se, such that the no matrix result does not 
occur, but this does not inform the application 112 as to the 
internal structure of the matrix. In the present system and 
method, a further ( or third or tertiary characteristic) can be 
considered with respect to certain content types to assist in 
this determination. For example, the space required between 
input elements, such as numbers, for colunmar identification 
may be set to be less than for other input elements, such as 
alphabetic characters, for example. This is because, for 
numbers it is considered that they should be written reason­
ably close together when multi-digit numbers are specified. 
Such a criteria can also assist in more complex matrix 
detection, like in the example of FIG. 7. Alternative, or 
additional, characteristics are also taken into account to 
properly detect such simple matrices as well as more com­
plex matrices, which are discussed in detail later. 

therefore uses criteria and the results of recognition for 
correct detection of matrix structures as described below. It 

15 is noted that typically handwriting recognition only takes 
geometric relationships of recognized elements into account 
for recognition of these elements themselves, not the struc­
ture within which those elements are input. Accordingly, the 
present system and method uses further information to 

20 provide this recognition using a probability based approach 
which takes into account geometrical and language model 
features to provide coarse filtering of row and col= 
candidates. These coarsely filtered matrix cell candidates 
may then be fine filtered using the results of the recognition 

25 process to recognize the actual matrix. In this way, the 
present system and method makes efficient use of recogni­
tion to detect matrices by pro-processing matrix element 
candidates. It is understood that the present system and 
method is applicable to recognition of other structural rela-

30 tionships of handwritten content in which the content is 
generally aligned in (horizontal or non-horizontal, e.g., 
diagonal) rows and (vertical or non-vertical, e.g., diagonal) 
col=s such as tables, lists, etc., since the recognition of 
the structure is not reliant of specifically input indicators for 

35 the structure, but rather the relative geometry of the recog­
nized content itself. These and other features of the present 
system and method are now discussed. 

The following description of the examples illustrated in 
FIGS. 21 to 37 is directed to matrix recognition, however 

40 similar description applies to recognition of other structures 
as described above. Further, the following description is 
related to colunm detection within an input matrix, however 
as will be apparent the same process may be used to detect 
rows also, such that the cells of the matrix are detected. In 

45 either case, the process generally involves detecting align­
ments of elements in the substantially horizontal and vertical 
directions ( or directions otherwise based on the direction of 
writing), using the recognition of the elements belonging to 
those alignments to provide detection of possible colunms or 

50 rows of the matrix and recognition of the elements them­
selves. The process of row detection is performed before 
col= detection in order to provide matrix cell detection, 
and therefore overall detection of a matrix. In the below 
described examples, the alignments are detected as part of 

55 detecting the candidate matrix colunms and rows, and then 
the candidate colunms and rows are analyzed based on the 
recognized content to provide the recognized matrix output. 
Alternatively, the detection of either the vertical and/or 

Furthermore, as discussed earlier, other forms of two­
dimensional structures are also recognizable by the present 
system and method. For example, FIG. 19 shows a math­
ematical function involving a determinant of a matrix, which 
like a matrix has rows and colunms of elemental cells. FIG. 60 

horizontal alignments may be performed in a different 
manner separate from the matrix row and/or colunm hypoth­
esizing, such as by the process of detecting multi-lines, e.g., 20 shows such determinants nested within a matrix. Further, 

as can be seen (like some of the earlier examples) additional 
elements external to the two-dimensional structures may 
also be present, such as mathematical operators and func­
tions. While such additional elements are recognized sepa­
rately from the content of a matrix, for example, they may 
be used as context by the application 112 and/or HWR 

multi-equations described in United States Patent Applica­
tion Publication No. 2017 /0011262 titled "System for Rec­
ognizing Multiple Object Input and Method and Product for 

65 Same" filed in the name of the present Applicant and 
Assignee, the entire content of which is incorporated by 
reference herein. 
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FIG. 21 shows an example arrangement 2100 of multiple 
input ink objects 2102 to 2116. The ink objects represent 
handwritten input elements (e.g., one or more strokes form-
ing one or more characters, symbols, etc.) input to the input 
surface 104 of the device 100, for example, and rendered as 5 

digital ink thereon. The ink objects are generally illustrated 
as rectangles which correspond to the extent of the hand­
written elements, and as such may represent bounding boxes 
of the elements as recognized by the HWR system 114. At 
this point of the matrix detection process the content of the 10 

ink objects itself is not necessarily important rather it is the 
correspondence of the ink objects to recognized elements 
that is used by the process. It is noted that in the recognition 
process of the HWR system 114 the recognition result 
contains a hierarchical determination of recognition candi- 15 

dates for each stroke and groups of the strokes based on the 
language model employed. The ink objects shown relate to 
the most probable candidate of each recognized element, 
however the actual recognized content and therefore the 
recognized elements may change if different candidates are 20 

selected, for example, by users through the UI or the like, 
such that the arrangement itself changes. In such a case, the 
matrix detection process is at least partially used again to 
adapt to the changed arrangement, e.g., at least for that part 

16 
the ink object 2108 overlaps with the ink object 2102, but the 
ink object 2110 does not overlap with any of the ink objects 
2102, 2104 and 2106. Accordingly, in FIG. 23 it is shown 
that the ink object 2108 is allocated into the first colunm Ca 
with the ink object 2102, the ink object 2104 remains 
allocated into the second colunm Ci, the ink object 2110 is 
allocated into the third colunm C2 (which is adjusted from 
the allocation depicted in FIG. 22), and the ink object 2106 
is allocated into a fourth colunm Cy 

Next, the hypothesis of these colunm allocations is again 
tested by considering whether any ink objects in the next 
horizontal alignment overlap vertically with the ink objects 
of the colunms. That is, it is determined whether any ink 
objects overlap with the width of each of the ink objects 
2108, 2104, 2110 and 2106 by projecting the extents of these 
objects into the next horizontal line or row. This basically 
accords with checking whether the ink objects 2112, 2114 
and 2116 overlap with the ink objects 2102, 2104 and 2106 
in the vertical direction. In FIG. 23 this is depicted by dashed 
line projections of the right hand and left hand boundaries of 
the bounding boxes of the ink objects 2108, 2104, 2110 and 
2106. As can be seen in FIG. 23, it is determined that the ink 
object 2112 overlaps with the ink object 2108, the ink object 
2114 overlaps with both of the ink objects 2104 and 2110, 

of the arrangement which is changed. 25 and the ink object 2116 overlaps with the ink object 2106. 
As can be seen, in the arrangement 2100 the ink objects 

2102, 2104 and 2106 are generally horizontally aligned with 
one another, the ink objects 2108 and 2110 are generally 
horizontally aligned with one another, and the ink objects 
2112, 2114 and 2116 are generally horizontally aligned with 30 

one another. As such these horizontal alignments are 
detected by the present system and method in the manner 
described earlier, and in the illustrated example would most 
likely be determined as corresponding to potential matrix 
rows since no overlap between elements of the alignments is 35 

present. Further, the ink objects 2102, 2108 and 2112 are 
generally vertically aligned with one another, the ink objects 
2104, 2110 and 2114 are generally vertically aligned with 
one another, and the ink objects 2106 and 2116 are generally 
vertically aligned with one another. As such these vertical 40 

alignments may be detected by the present system and 
method, and in the illustrated example may be determined as 
corresponding to potential matrix columns. Accordingly, the 
arrangement 2100 may be detected as corresponding to a 
3x3 matrix, for example. The potential colunms of such a 45 

matrix are detected as in the following examples of FIGS. 22 
to 31. 

As shown in FIG. 22 it is known that the objects 2102, 
2104 and 2106 are substantially horizontally aligned, and 
from the recognition result of the HWR system 114, it is 50 

known that the objects are (likely) separate content ele­
ments. Accordingly, the objects 2102, 2104 and 2106 are 
allocated by the application 112 into separate potential first, 
second and third colunms Ca, C1 and C2 , respectively. The 
hypothesis of these colunm allocations is tested by consid- 55 

ering whether any ink objects in the next horizontal align­
ment (in the present example in the downward direction) 
overlap vertically with the ink objects of the colunms. That 
is, it is determined whether any ink objects overlap with the 
width of each of the ink objects 2102, 2104 and 2106 by 60 

projecting the extents of these objects into the next horizon-
tal line or row. This basically accords with checking whether 
the ink objects 2108 and 2110 overlap with the ink objects 
2102, 2104 and 2106 in the vertical direction. In FIG. 22 this 
is depicted by dashed line projections of the right hand and 65 

left hand boundaries of the bounding boxes of the ink objects 
2102, 2104 and 2106. As can be seen, it is determined that 

Accordingly, in FIG. 24 it is shown that the ink object 2112 
is allocated into the first column Ca with the ink objects 2102 
and 2108, the ink object 2114 is allocated into the second 
column C1 with the ink object 2104, the ink object 2110 is 
re-allocated into the second colunm C1 as well, and the ink 
object 2116 is allocated into the third colunm C2 with 
re-allocation of the ink object 2106 from the fourth column 
depicted in FIG. 23. This recognition result of likely col­
unms is depicted in FIG. 25 in which the respective bound­
aries of the three colunms Ca, C1 and C2 are illustrated as 
dashed bounding boxes surrounding the ink objects allo-
cated into those colunms. 

The re-allocation of colunms depicted in FIG. 24 basi­
cally represents a type of fine filtering of the column 
detection of the present system and method, in which the 
detection of columns converges as closer and closer spaced 
content elements are considered on a row-by-row basis. This 
filtering may not be performed at this stage however, and all 
potential colunms found in each step may be retained until 
a subsequent filtering step, which checks whether any col­
unms should be merged. Such processing is described in 
detail later. 

Once all possible hypotheses have been determined and 
tested, the application 112 may provide (meta)data to the ink 
objects, such as a tag indicting the row and colunm alloca­
tions, e.g., the cell allocations, recognized for the ink 
objects, where such data is stored with the ink objects in the 
memory 108 of the device 100, for example. In this way, in 
any subsequent interactions with the ink objects, such as 
typesetting or editing, the positional relationships between 
the objects can be taken into account. 

The above-described iterative approach of hypothesizing 
and testing column allocations row-by-row and through 
consideration of spatially adjacent content elements in those 
rows basically corresponds to iteratively considering 2x2 
arrangements of objects across the entire arrangement in 
order to find potential colunms. That is, the relative positions 
of two adjacent content elements in a first row are compared 
to two adjacent content elements in the next (second) row to 
determine (and adjust) colunm allocations. This can be 
performed in a number of ways. In one example, relative 
distances between features of the content elements are 
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compared to a threshold to determine if the elements are 
potentially separated into different colunms. That is, a suit­
able colunm spacing is searched for between these elements. 

For example, in the present case the first colunm hypoth­
esis tested is that the ink object 2102 is in a first colunm and 
the next ink object of that row, i.e., the ink object 2104, is 
in a second colunm, the second colunm hypothesis tested is 
that the ink object 2102 is in the first colunm and the leftmost 

18 
toward the upper right hand corner is expanded and the 
spacing of the elements in the lower center is slightly 
compressed and misaligned horizontally compared to the 
elements at the upper left hand corner of the matrix, which 
is the starting position of writing. 

The above-described spatial order approach is generally 
applicable to post-processing of the input, that is, once the 
user has handwritten all intended input of the matrix pro­
cessing to recognize the matrix is performed through manual 

10 selection of a control element, like a menu button, or input 
of a gesture, like a multi-point touch on the interface surface 
such as a double tap, or through automatic processing, like 
the lapsing of a set amount of time after input, e.g., about 
half a second to about two seconds. Such a spatial approach 

ink object of the next row, i.e., the ink object 2108, is in the 
second colunm. This can be done by considering whether the 
horizontal distance between the right hand boundary of the 
bounding box of the ink object 2102 and the left hand 
boundary of the bounding boxes of the ink objects 2104 and 
2108, say, is greater than a (first) threshold. The first 
threshold at its simplest is set to zero, or some non-zero ( e.g., 
positive) value, such that any object which overlaps verti­
cally with the object under consideration returns a negative 
distance. That is, measured distances like the distance 
between the objects 2102 and 2014 yield a positive value 
which is greater than the first threshold and measured 
distances like the distance between the ink objects 2102 and 
2108 yield a negative value which is less than the first 
threshold. Accordingly, the application 112 correctly deter­
mines that it is likely that the ink objects 2102 and 2104 
belong to different colunms and the ink objects 2102 and 25 

2108 do not belong to different colunms. 

15 is also applicable to processing during input, so-called 
incremental recognition, by using such triggers. The tem­
poral approach is also applicable to either incremental or 
post-recognition processing. It is noted that the incremental 
approach using spatial and/or temporal considerations may 

20 decrease the processing time for final recognition of the 
input, for example, when the user indicates that conversion 
to typeset is desired or after a set time lapse since last input, 
since much of the processing has been performed during 
input. 

It can be seen from the afore-described example that by 
projecting content elements of earlier rows onto later rows 
to determine likely colunms, the presence of empty cells do 
not influence the detection of colunms, and indeed the empty 
cells are correctly allocated within the colunms, e.g., the 

The intra-row comparison is basically the horizontal line 
determination described earlier and the inter-row compari-
son is basically the projection of the higher leftmost object 
onto the next successive horizontal line described earlier, 
where this projection essentially forms the fourth element of 
the 2x2 arrangement being tested. It is understood that the 
ink objects may be defined by a different characteristic than 
the bounding box, such as the extent of the strokes them­
selves, a mean center or barycenter of the strokes making up 
each element, etc. Further, the distance may be measured in 
terms of pixels, as a function of some other parameter of the 
input surface 104, like a guide for writing, such as an input 
line pattern or the like as described for example in United 
States Patent Application Publication No. 2017 /0060819 
titled "System and Method of Digital Note Taking" filed 
claiming a priority date of Aug. 25, 2015 in the name of the 
present Applicant and Assignee, the entire content of which 
is incorporated by reference herein, in terms of character­
istics of the input itself, like average or mean dimensions of 
the handwritten objects, such as characters, the bounding 
boxes, etc., or a combination of such features or the like. 
Further still, it is understood that the iterative approach may 
be based on time order of entry of the strokes/elements 
rather than spatial order, as described above, or some 
combination thereof. 

As such, the iterative 2x2 arrangement of objects is 
considered across the entire arrangement in order to find 
potential colunms. In this way, localized variations in the 
handwritten elements of the arrangement are locally con­
sidered such that they do not influence the overall column 
detection across the entire arrangement. That is, the Appli­
cant has found that users of digital applications for the 
handwritten input of two-dimensional structures, such a 
matrices, tend to skew the spacing of the structural elements 
as the dimensions of the structure increase, particularly in 
regular matrices, e.g., in which elements are of the same 
type. For example, for a simple 2x2 matrix, the relative 
spacing and sizing of the elements is reasonably consistent, 
e.g., like in FIG. 4, whereas, as the matrix grows, certain 
local compression or extension of element spacing may 
result, e.g., like in FIG. 8 where the spacing of the elements 

30 empty cell between the ink objects 2106 and 2116 is 
allocated within the third colunm C2 . This is also the case 
however, in input situations where there is only a single 
content element within a colunm such as in the example 
matrix of FIG. 12. For example, FIG. 26 shows an altema-

35 tive example arrangement 2600, which is the same as the 
arrangement 2100 but the ink object 2114 is not present. 
Accordingly, through the recognition process of the present 
system and method as described above, it may be deter­
mined that four colunms C0 , Ci, C2 and C3 are present, as 

40 shown by dashed bounding boxes surrounding the ink 
objects allocated into those columns. This is because, unlike 
in the earlier example of the arrangement 2100, the ink 
object 2114 does not overlap with both of the ink objects 
2104 and 2110, and as such these remain allocated to the 

45 second and third colunms, as determined at the stage of FIG. 
23 in the earlier example. Accordingly, in this alternative 
example each of the objects 2104 and 2110 are allocated as 
the only objects within their respective colunms and the 
empty cells about these objects are also allocated into those 

50 colunms. 
The afore-described example 'coarse' colunm detection 

processes may cause the detection of excess vertical align­
ments, due to misaligned elements (from non-uniformity of 
handwriting), non-aligned elements (such as sign designa-

55 tors, e.g., plus and minus), and complex elements (such as 
sub-matrices, equations), as variously depicted in the 
examples of FIGS. 4 to 20. As such, as described earlier the 
present system and method may also process the coarse 
detection result with a fine detection process in which it is 

60 determined whether some of the detected possible colunms 
should be merged. Examples of such further processing are 
now described with respect to FIGS. 27 to 31. 

As described earlier, the first threshold may be set to a 
positive value. Such a setting basically causes a certain 

65 amount of padding to be provided about each ink object, 
thereby increasing the spacing required between colunms for 
detection. Such padding can be used within the initial 
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'coarse' filtering or in subsequent 'fine' filtering to provide 
a mechanism to merge colunms which are closely spaced. 
For example, FIG. 27 shows the process at the stage of the 
earlier example of FIG. 22, but with a certain amount of 
padding p (designated by the circles in FIG. 27) applied to 
the ink objects 2102, 2104 and 2106 for the alternative 
arrangement 2600 of FIG. 26. In this example, the value of 
the first threshold is set so that the padding p causes the ink 
object 2110 to vertically overlap with the ink object 2104. 
Accordingly, the colunm detection process of the present 
system and method results in the colunm allocation as 
shown in FIG. 28, in which the objects 2104 and 2110 are 
again allocated to the same colunm in a three colunm layout, 
like in the example of the arrangement 2100. The value of 
the first threshold can be arbitrarily set (and resettable by 
users through the UI for example), or can be automatically 
defined by the system and method, for example, in relation 
to characteristics of the handwriting, like average or mean 
dimensions of the handwritten objects, such as characters. 

20 
2106 constituted by two elements 3000 and 3002 separated 
by a distance dc1. For example, the element 3000 may be a 
designator, such as a minus sign, and the element 3002 may 
be a number. The present system and method may treat such 
adjacent elements as recognized by the HWR system 114 as 
single content elements based on rules set in the application 
112 or the HWR system 114 itself may return ink objects in 
this way, for example, as described earlier with respect to 
FIGS. 8, 9 and 10. For example, the second threshold set on 

10 this parameter for merging colunms may be the maximum 
spacing between such elements scaled up by a pre-deter­
mined constant value, such as about 1.1 to about 1.7, and 
typically about 1 .4, for example, to provide for natural 

15 variations in handwriting, and compare this value with the 
mean distance of each colunm. Based on this comparison, if 
the mean distance is less than this second threshold value 
then the colunms are merged, as shown in FIG. 31 in which 

An alternative or additional mechanism for fine filtering 20 

the colunm allocations is to take into account the relative 

the first and second colunms of FIG. 25 are merged because 
the distance dg1 is less than the scaled distance dc1, for 
example, so that two re-allocated colunms Ca and C1 remain. 

spacing of elements across the recognized two-dimensional 
structure. This can be done in several ways. FIG. 29 shows 
the arrangement 2100 with the horizontal distances between 
each of the ink objects 2102 to 2116 illustrated. That is, the 
distance d1 between the objects 2102 and 2104, the distance 
d2 between the objects 2108 and 2110, the distance d3 

between the objects 2112 and 2114, the distance d4 between 
the objects 2104 and 2106 and the distance d5 between the 
objects 2114 and 2116. From these distances the mean, 
average, minimum and maximum distances between the 
content elements of each column can be determined. For 
example, the mean distance dm 1 between the colunms Ca and 

In this way, detected colunms that are reasonably spaced less 
than the largest spaced connected elements, like numbers 
with minus and plus signs, are merged as they likely do not 

25 constitute colunms since it is expected that columns are 
spaced more widely than the inter-element spacing. 

The use of the mean, or other common value, spacing of 
the ink objects in each coarsely detected colunm in the 
above-described merge operations based on global and 

30 maximal features of the recognized structure provide a 
relatively robust evaluation of any possible over-segmenta­
tion of the structure due to local variations within the 
structure. 

C1 is the mean of the distances d1 , d2 and d3 , and the mean 
distance dm2 between the colunms C1 and C2 is the mean of 35 

the distances d4 and d5 . Such normalized distances of the 
coarsely allocated colunms can be compared to other param­
eters of the input arrangement to provide a check of the 
allocations, which are provided as another (second) thresh­

As described earlier, the above-described examples of 
colunm detection can also apply to row detection, in which 
the vertical alignments are known from the HWR system 
114 and used by the application 112 to determine the rows. 
Further, in the above-described examples of coarse and fine 
two-dimensional structure detection, the detection result can 

old for colunm detection. 
An example of such a parameter as the second threshold 

is the spacing between the detected potential colunms. This 
spacing is shown for example in FIGS. 25, 26 and 28 
variously as the distance dg1 , dg2 and dg3 which are measured 
between the right and left hand boundaries of the column 
bounding boxes, indicated in subscript as "nL" and "nR" for 
each of the colunms Ca to C3 , where "n" is the number of the 
colunm, e.g., 0 to 3. For example, the second threshold set 
on this parameter for merging columns may be the maxi­
mum positive spacing, such as dg2 in FIG. 25, scaled down 
by a pre-determined constant value, such as about 0.1 to 
about 0.7, and typically about 0.3, for example, to provide 
for natural variations in handwriting, which is used to 
compare with the mean distance of each colunm, e.g., the 
mean distances dm 1 and dm2 . Based on this comparison, if 
the mean distance is less than this second threshold value 
then the colunms are merged. In this way, detected colunms 
that are reasonably much less spaced than the largest spaced 
colunm, which is considered to have a high likelihood of 
being a colunm, are merged as they likely do not constitute 
colunms. 

Another example of such a parameter as the second 
threshold is the spacing within certain content elements. 
Such as the spacing between content features like alphabetic 
characters, words, numbers, superscripts, subscripts, brack­
ets, symbols, and designators, such as minus and plus signs 
and divider lines. For example, FIG. 30 shows the ink object 

40 be provided as one or more probability scores for each 
detected column and row, which are calculated for example 
in terms of geometric cost for that probability result. That is, 
the described first and second thresholds are parameters 
against which the geometrical relationships of the recog-

45 nized content of the handwritten input is compared to 
determine the geometrical cost of that recognized content 
being in a particular structure, such as rows and columns. 
This cost can be supplemented to the actual recognition 
results from the HWR system 114 and/or the structure 

50 detection result of the application 112 as weightings, for 
example, to the probability produced through the handwrit­
ing recognition results. In this way, the influence of certain 
recognized content on the subsequent allocation to structural 
elements can be easily made, such as allowing closer spac-

55 ing for numerals as described earlier, merging of colunms 
and/or rows, increasing the probability of a matrix based on 
the similarity of content, e.g., all numbers, characters, equa­
tions, increasing the probability score for a matrix if brackets 
or fence elements are detected in proximity to content 

60 elements. 
The various examples described herein can be applied to 

forms of input for recognition other than handwriting, such 
as ofiline recognition in which images rather than digital ink 
are recognized, for example, the elements may be input as an 

65 image captured as a photograph of writing on paper or a 
whiteboard, digitally captured on an interactive smart­
board, etc. 
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The desc~i_bed methods and systems increase processing 
and recogmt10n speed of multiple objects in two-dimen­
sional structures, such as a matrix of numbers characters 
mathematical functions or equations, and c~mbination~ 
thereof, as structure recognition is performed in consider­
ation of the recognition of the objects themselves. Further­
more, writing of structures, such as matrices, does not 
require specific user action for recognition, such as creating 
a new writing area, tapping a matrix button, drawing brack-

22 
determining, with the medium, at least one geometrical 

relationship between a plurality of recognized elements 
of the handwriting input; and 

allocating, with the medium, the recognized elements 
having the at least one geometrical relationship ther­
ebetween to corresponding positions of an arrangement 
of the recognized elements at least partially determined 
by boundaries of the recognized elements. 

8. A method as claimed in claim 7, wherein the positions 
of the arrangement are cells of a two-dimensional structure 
of the recognized elements. 

ets, etc. Further, no learning or training of the algorithm is 10 

required, however this could be performed to improve 
results. 

9. A method as claimed in claim 7, wherein the at least one 
geometrical relationship is an overlap of the plurality of 

15 
recognized elements in one or more directions of the 
arrangement. 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
~arious forms and examples, and that they may be applied 10. A method as claimed in claim 9, comprising deter­

mining the overlap based on a comparison of a directional 
distance between one or more geometrical features of the 

20 
plurality ofrecognized elements with at least one geometri­
cal threshold. 

m numerous other applications, combinations, and environ­
ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
~isclosed aspects may be altered or amended without depart­
mg from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
det~il~, exhibits, and illustrated examples in this description. 
It 1s mtended to protect any and all modifications and 25 

variations that fall within the true scope of the advantageous 
concepts disclosed herein. 

11. A method as claimed in claim 10, wherein the at least 
one geometrical threshold is based on at least one geometri­
cal spacing of at least some of the recognized elements. 

12. A method as claimed in claim 11, wherein the at least 
one geometrical spacing is a maximum spacing between 
components of the at least some of the recognized elements. 

13. A non-transitory computer readable medium having a I claim: 
~- A system for_ recognizing an arrangement of multiple 

obJects on computmg devices, each computing device com­
prising a processor, a memory and at least one non-transitory 
~omputer readable medium for recognizing handwriting 
mput under control of the processor, the at least one non­
transitory computer readable medium configured to: 

determine, with the medium, at least one geometrical 
relationship between a plurality of recognized elements 
of the handwriting input; and 

allocate, with the medium, the recognized elements hav-

computer readable program code embodied therein, said 

30 
computer readable program code adapted to be executed to 
implement a method for recognizing an arrangement of 
multiple objects input to a computing device, the computing 
device comprising a processor and at least one system 
non-transitory computer readable medium for recognizing 

35 
handwriting input under control of the processor, the method 
comprising: 

ing the at least one geometrical relationship therebe­
tween to corresponding positions of an arrangement of 40 

the recognized elements at least partially determined by 
boundaries of the recognized elements. 

determining, with the medium, at least one geometrical 
relationship between a plurality of recognized elements 
of the handwriting input; and 

allocating, with the medium, the recognized elements 
having the at least one geometrical relationship ther­
ebetween to corresponding positions of an arrangement 
of the recognized elements at least partially determined 
by boundaries of the recognized elements. 

2. A system as claimed in claim 1, wherein the positions 
of the arrangement are cells of a two-dimensional structure 
of the recognized elements. 

3. A system as claimed in claim 1, wherein the at least one 
geometrical relationship is an overlap of the plurality of 
recognized elements in one or more directions of the 
arrangement. 

4. A system as claimed in claim 3, the at least one 
non-transitory computer readable medium configured to 
determine the overlap based on a comparison of a directional 
distance between one or more geometrical features of the 
plurality ofrecognized elements with at least one geometri­
cal threshold. 

5. A system as claimed in claim 4, wherein the at least one 
geometrical threshold is based on at least one geometrical 
spacing of at least some of the recognized elements. 

6. A system as claimed in claim 5, wherein the at least one 
geometrical spacing is a maximum spacing between com­
ponents of the at least some of the recognized elements. 

7. A method for recognizing an arrangement of multiple 
objects on computing devices, each computing device com­
prising a processor and at least one non-transitory computer 
readable medium for recognizing handwriting input under 
control of the processor, the method comprising: 

45 
14. A non-transitory computer readable medium as 

claimed in claim 13, wherein the positions of the arrange­
ment are cells of a two-dimensional structure of the recog­
nized elements. 

15. A non-transitory computer readable medium as 

50 
claimed in claim 13, wherein the at least one geometrical 
relationship is an overlap of the plurality of recognized 
elements in one or more directions of the arrangement. 

16. A non-transitory computer readable medium as 
claimed in claim 15, comprising determining the overlap 

55 
based on a comparison of a directional distance between one 
or more geometrical features of the plurality of recognized 
elements with at least one geometrical threshold. 

17. A non-transitory computer readable medium as 
claimed in claim 16, wherein the at least one geometrical 

60 
threshold is based on at least one geometrical spacing of at 
least some of the recognized elements. 

18. A non-transitory computer readable medium as 
claimed in claim 17, wherein the at least one geometrical 
spacing is a maximum spacing between components of the 

65 
at least some of the recognized elements. 

* * * * * 

Case 2:25-cv-00532     Document 1-13     Filed 05/15/25     Page 36 of 36 PageID #:  292Page 292 of 347



 

 

 

EXHIBIT N 
 

 

 

 

 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 1 of 23 PageID #:  293Page 293 of 347



c12) United States Patent 

Melinand et al. 

(54) SYSTEM AND METHOD FOR 
RECOGNIZING GEOMETRIC SHAPES 

(71) Applicant: Vision Objects, Nantes (FR) 

(72) Inventors: Robin Melinand, Carquefou (FR); 
Florent Buisson, Nantes (FR) 

(73) Assignee: MYSCRIPT, Nantes (FR) 

( *) Notice: Subject to any disclaimer, the term ofthis 
patent is extended or adjusted under 35 
U.S.C. 154(b) by O days. 

(21) Appl. No.: 14/558,181 

(22) Filed: 

(65) 

Dec. 2, 2014 

Prior Publication Data 

(51) 

(52) 

(58) 

US 2016/0154998 Al 

Int. Cl. 
G06K 9/00 
G06F 3/0488 
G06T 11160 
G06T 11120 
U.S. Cl. 

Jun. 2, 2016 

(2006.01) 
(2013.01) 
(2006.01) 
(2006.01) 

CPC ....... G06K 9/00422 (2013.01); G06F 3/04883 
(2013.01); G06K 9/00402 (2013.01); G06T 

111203 (2013.01); G06T 11160 (2013.01) 
Field of Classification Search 
CPC .. G06K 9/00422; G06K 9/222; G06T 11/60; 

G06T 11/203; G06F 3/04883; G06F 3/033; 
F02B 2075/025; G09B 5/065 

USPC ....... 382/189, 107, 120, 123, 188, 203, 214, 
382/253, 290, 309, 321; 345/418, 419, 420, 

345/440, 441; 700/90, 95, 117, 159, 180, 
700/182; 716/50, 51, 52, 122; 359/556, 

359/554, 555 
See application file for complete search history. 

Input 113 

I 1111111111111111 11111 1111111111 1111111111 111111111111111 IIIIII IIII IIII IIII 
US009489572B2 

(IO) Patent No.: US 9,489,572 B2 
Nov. 8, 2016 (45) Date of Patent: 

(56) 

EP 
EP 

References Cited 

U.S. PATENT DOCUMENTS 

5,544,265 A 
5,596,656 A 
5,809,267 A 
5,880,743 A * 

6,233,351 Bl 
6,292,190 Bl 

8/ 1996 Bozinovic et al. 
1/1997 Goldberg 
9/1998 Moran et al. 
3/1999 Moran .................... G06T 13/80 

345/473 
5/2001 Feeney et al. 
9/2001 Corn 

(Continued) 

FOREIGN PATENT DOCUMENTS 

1355275 10/2003 
1030263 Bl 5/2004 

(Continued) 

OTHER PUBLICATIONS 

Nritten Opinion and International Search Report issued for PCT/ 
EP2015/002400 dated Mar. 24, 2016. 

Primary Examiner - Sheela C Chawan 
(74) Attorney, Agent, or Firm - McDermott Will & 
Emery LLP 

(57) ABSTRACT 
A system and method that is able to recognize a user's 
natural drawing of geometric shapes. The system and 
method is able to process single-stroke and multi-stroke 
geometric shapes. It can also apply implicit and user defined 
constraints to the geometric shapes. The system and method 
applies these constraints at the vector component level rather 
than the primitive level. It does this by breaking down both 
the geometric shapes and constraints on a vector component 
level. This allows the system and method to handle a larger 
number of geometric shapes and constraints. After applying 
the constraints to the geometric shapes at the vector com­
ponent level, the system and method outputs smooth geo­
metric shapes that incorporated both the implicit and user 
defined constraints. 

Preprocessing 
114 

37 Claims, 12 Drawing Sheets 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 2 of 23 PageID #:  294Page 294 of 347



(56) References Cited 

U.S. PATENT DOCUMENTS 

6,411,732 Bl 6/2002 Saund 
6,459,442 Bl 10/2002 Edwards et al. 
6,476,834 Bl 11/2002 Doval et al. 
7,256,773 B2 * 8/2007 Kolmykov-Zotov 

7,324,691 B2 1/2008 Li et al. 
7,352,902 B2 4/2008 Li et al. 
7,385,595 B2 6/2008 Bryborn et al. 
7,639,250 B2 12/2009 Xu et al. 
8,102,383 B2 1/2012 Cohen et al. 
8,159,501 B2 4/2012 Rao 
8,564,620 B2 10/2013 Bellamy et al. 
8,670,623 B2 3/2014 Oota 
8,718,375 B2 5/2014 Ouyang et al. 

US 9,489,572 B2 
Page 2 

2005/0275622 Al 
2008/0198146 Al 
2009/0278848 Al 
2010/0100866 Al 
2010/0149109 Al 
2010/0251188 Al 
2011/0185272 Al 

G06F 3/04883 2011/0279455 Al 
2012/0176416 Al 

178/18.01 2012/0221938 Al 

12/2005 
8/2008 

11/2009 
4/2010 
6/2010 
9/2010 
7/2011 

11/2011 
7/2012 
8/2012 

Patel et al. 
Bryborn et al. 
Robertson et al. 
Kamper et al. 
Elias 
Fu et al. 
Rajkurnar 
McDaniel 
Dondurur et al. 
Patterson et al. 

FOREIGN PATENT DOCUMENTS 

EP 1519300 Bl 7/2009 
EP 1454225 Bl 1/2013 
WO 2012115853 A2 8/2012 
WO 2014046302 Al 3/2014 

* cited by examiner 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 3 of 23 PageID #:  295Page 295 of 347



1
0

0
~

 

In
p

u
t 

S
ur

fa
ce

 
10

4 

I 

P
ro

ce
ss

or
 

10
6 

I 
O

pe
ra

tin
g 

O
th

e
r 

S
ys

te
m

 
A

pp
lic

at
io

ns
 

11
0 

11
2 

S
eg

m
en

ta
tio

n 
R

ec
og

ni
tio

n 
La

ng
ua

ge
 

E
xp

er
t 

E
xp

er
t 

11
6 

E
xp

er
t 

11
8 

12
0 

M
e

m
o

ry
 1

08
 

FI
G

. 
1 

<E
--f

-
D

is
pl

ay
 1

02
 

e . 00
 . ~
 

~
 
~
 

~
 =
 

~
 

z 0 ~
 

~C
IO

 

N
 

0 .... O
'I 

rJ
J =­ ('D ('D
 .....
 .... 0 .... .... N

 d r.,;
_ 

\0
 

~
 

0
0

 
\0

 
ti

t 
-...

.l 
N

 =
 

N
 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 4 of 23 PageID #:  296Page 296 of 347



In
p

u
t 

11
3 

FI
G

. 
2 

I 

P
ri

m
iti

ve
 

R
ec

og
ni

tio
n 

11
8 

P
re

pr
oc

es
si

ng
 

11
4 

G
es

tu
re

 
D

e
te

rm
in

a
tio

n
 

11
6 

G
es

tu
re

 
R

ec
og

ni
tio

n 
12

0 
I 

C
on

st
ra

in
t S

ol
vi

ng
 

I 
I G

ra
ph

ic
al

 E
di

tin
g 

M
e

th
o

d
 1

22
 

O
u

tp
u

t 
12

6 

12
4 

e . 00
 . ~
 

~
 
~
 

~
 =
 

~
 

z 0 ~
 

~C
IO

 

N
 

0 .... O
'I 

rJ
J =- ('D ('D
 .....
 

N
 

0 .... .... N
 d r.,;
_ 

\0
 

~
 

0
0

 
\0

 
ti

t 
-...

.l 
N

 =
 

N
 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 5 of 23 PageID #:  297Page 297 of 347



U.S. Patent Nov. 8, 2016 Sheet 3 of 12 US 9,489,572 B2 

~ 
N 

/ ~~ 

~ 
◊ ◊ ◊ 

0 
O') 
.-I 

f'I 
~ 

.-I 

◊ ◊ 
00 ◊ N 

I 
.-I 

,,_ 
'❖ ......... 

-·--.--- '--~~. 

ct al 

~ 
tt) 

tt) 

C, . 
C, 

u.. u: 

u 
tt) 

C, 
u.. 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 6 of 23 PageID #:  298Page 298 of 347



U.S. Patent 

. 
C, -LL 

Nov. 8, 2016 Sheet 4 of 12 

LIJ 
m 
C, 
LL 

US 9,489,572 B2 

s::t 
s::t 
.-I 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 7 of 23 PageID #:  299
Page 299 of 347



U.S. Patent Nov. 8, 2016 Sheet 5 of 12 US 9,489,572 B2 

. 
C, -LL. 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 8 of 23 PageID #:  300Page 300 of 347



U.S. Patent Nov. 8, 2016 

<( 

"' . 
<!1 -LL 

Sheet 6 of 12 US 9,489,572 B2 

c:0 
111:t' . 
<!1 
LL 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 9 of 23 PageID #:  301Page 301 of 347



U.S. Patent Nov. 8, 2016 Sheet 7 of 12 US 9,489,572 B2 

-LL 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 10 of 23 PageID #:  302Page 302 of 347



U.S. Patent Nov. 8, 2016 Sheet 8 of 12 US 9,489,572 B2 

-LL 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 11 of 23 PageID #:  303Page 303 of 347



U.S. Patent Nov. 8, 2016 Sheet 9 of 12 US 9,489,572 B2 

-LL 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 12 of 23 PageID #:  304Page 304 of 347



U.S. Patent Nov. 8, 2016 Sheet 10 of 12 US 9,489,572 B2 

-LL 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 13 of 23 PageID #:  305Page 305 of 347



U.S. Patent Nov. 8, 2016 Sheet 11 of 12 US 9,489,572 B2 

. 
C, 
u. 

. 
C, -u. 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 14 of 23 PageID #:  306Page 306 of 347



U.S. Patent Nov. 8, 2016 Sheet 12 of 12 

u 
Ln . 
(!) 

LI. 

US 9,489,572 B2 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 15 of 23 PageID #:  307Page 307 of 347



US 9,489,572 B2 
1 

SYSTEM AND METHOD FOR 
RECOGNIZING GEOMETRIC SHAPES 

TECHNICAL FIELD 

The present invention relates generally to the field of 
computing device interfaces capable of recognizing user 
input of geometric shapes. 

BACKGROUND 

Computing devices continue to become more ubiquitous 
to daily life. Such devices take the form of computer 
desktops, laptops, tablet PCs, e-book readers, interactive 
whiteboards, mobile phones, smartphones, wearable com­
puters, global positioning system (GPS) units, enterprise 
digital assistants (ED As), personal digital assistants (PD As), 
game consoles, and the like. Further, computing devices are 
being incorporated into cars, trucks, farm equipment, manu­
facturing equipment, building environment control ( e.g., 
lighting, HVAC), and home and commercial appliances. 

Computing devices generally consist of at least one 
processing element, such as a central processing unit (CPU), 
some form of memory, and input and output devices. The 
numerous varieties of computing devices as well as their 
subsequent uses necessitate a variety of input devices. One 
type of input device is a touch sensitive surface such as a 
touch screen or touch pad wherein user input is received 
through contact between the user's finger or an instrument 
such as a pen or stylus and the touch sensitive surface. 
Another type of input device is an input surface that senses 
motions made by a user above the input surface and without 
touching the input surface. Either of these methods of input 
can be used generally for drawing or inputting shapes. When 
the user input is a shape, the computing device must 
interpret the user's natural drawing technique using, for 
example, an on-line geometric shape recognition system or 
method. 

Generally, on-line geometric shape recognition systems or 
methods monitor the initiation of a stroke, such as when the 
user contacts a touch sensitive surface (pen-down); the 
termination of a stroke, such as when the user stops con­
tacting a touch sensitive surface (pen-up); and any move­
ments (i.e. the stroke) the user makes with his or her finger 
or pen between the initiation and termination of the stroke. 

On-line geometric shape recognition systems or methods 
may be classified as single-stroke or multi-stroke. Single­
stroke recognition analyzes each single-stroke as a separate 
primitive. A primitive is a geometric shape. The system may 
only utilize single-stroke primitives or may utilize shorthand 
for primitives that would otherwise require multiple strokes. 
These single-stroke systems or methods typically have less 
input errors but may require users to memorize stroke 
patterns for multi-stroke primitives if shorthand is utilized. 
Multi-stroke recognition systems can recognize natural 
drawing and are more intuitive to users because one does not 
have to learn shorthand. 

2 
Preprocessing typically includes discarding irrelevant 

input data and normalizing, sampling, and removing noise 
from relevant data. 

Primitive recognition specifies the different ways to break 
down the input data into individual lines, shapes, or other 
segments based on a set of basic models ( e.g., lines, circles, 
ellipses, arcs, and points). Primitive recognition generally 
associates the segments with possible primitive candidates. 
Primitives can be any type of shape or curve, from basic 

10 ( e.g., line segment, circle, ellipse, arc of circle, arc of ellipse, 
and point) to more complex (e.g., sinusoidal, spline, Bezier, 
and parametric function plots). Primitive candidates can 
comprise single-stroke, multi-stroke, and/or geometric 
variations of shapes. Primitive recognition may also be 

15 preceded by gesture determination that determines whether 
the input data is geometric shape or a gesture (e.g., an input 
stroke that provides additional information as to the relation 
of already input geometric shapes). 

Constraint solving generally includes checking the primi-
20 tives against a set of constraints ( e.g., length equality, angle 

equality, parallelism, symmetry, alignment, tangency, con­
nection, and perpendicularity). Typically, constraints are 
defined on a primitive level, meaning they are associated 
with specific primitives. Constraints can be implicit or 

25 explicit. Implicit constraints are such that the system infers 
a constraint based on user input of primitives. For example, 
the system or method may detect that two lines are close 
enough to being perpendicular and infer that a perpendicular 
restraint should apply, outputting two perpendicular lines. In 

30 this example, perpendicularity is an example of an implicit 
constraint. Explicit constraints are such that the user explic­
itly specifies additional constraints to apply. For instance, 
the system or method may not detect that two lines were 
intended to be perpendicular. A user may input an additional 

35 gesture to provide this explicit constraint. An on-line geo­
metric shape recognition system or method may recognize 
both implicit and explicit constraints. Once the set of primi­
tives and set of constraints are built, a constraint solving 
method enforces the maximum number of possible con-

40 straints. Following constraint solving, the on-line geometric 
shape recognition system or method outputs smooth geo­
metric shapes. 

Constraint solving at the primitive level is usually limited 
in the number of primitives and constraints that a system can 

45 analyze because constraints are generally defined at the 
primitive level and closely linked to primitive types. Each 
new primitive or constraint introduced into the system 
causes exponentially more relationships between primitives 
and constraints, creating exponentially more possibilities to 

50 analyze during constraint solving. 
The present system and method provides improved results 

for user input recognition by defining the constraints at a 
vector component level rather than primitive level. By 
defining constraints on the vector component level, the 

55 system and method is able to better handle increasingly large 
sets of primitives and constraints. 

SUMMARY 

Whether one uses a single or multi-stroke system, on-line 60 

geometric shape recognition systems or methods usually 
consist of preprocessing, primitive recognition, and con­
straint solving. In practice, on-line geometric shape recog­
nition systems or methods may include these steps along 
with additional steps. Further, on-line geometric shape rec- 65 

ognition systems or methods may not clearly delineate each 
step or may perform the steps in an alternate order. 

The examples of the present invention that are described 
herein below provide methods, systems, and software for 
use in on-line geometric shape recognition. These permit a 
user to enter geometric shapes into a computing device as 
one would on a piece of paper. The present shape recognition 
system and method includes a computing device connected 
to an input device in the form of an input surface. A user is 
able to provide input by applying pressure to or gesturing 
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above the input surface using either his or her finger or an 
instrument such as a stylus or pen. The present system and 
method monitors the input strokes. After preprocessing the 
input strokes, the present system and method determines 
whether or not the input stroke is a gesture. If the input 
stroke is a gesture, the present system and method matches 
the gesture with an instruction ( e.g., add an additional 
constraint or delete a drawing) to apply to a preexisting 
drawing. If the input is not a gesture, the present system and 
method determines which primitive closely matches the 10 

input stroke. Finally, the present system and method applies 
the set of constraints to the set of primitives to output smooth 
geometric shapes. After the output is displayed as a drawing 
on the output device, the user may proceed to adjust or 
otherwise enrich the output drawing with more shapes or 15 

constraints. 

4 
FIG. 3F shows a pictorial illustration of a possible junc­

tion constraint involving the end of a line segment and line 
segment in accordance with an example of the present 
system. 

FIG. 3G shows a pictorial illustration of a possible 
junction constraint involving a line segment and a portion of 
a circle in accordance with an example of the present 
system. 

FIG. 4A shows a pictorial illustration of a possible user 
input in accordance with an example of the present system. 

FIG. 4B shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

FIG. 4C shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 
example of the present system. 

FIG. 4D shows a pictorial illustration of a possible output 
in accordance with an example of the present system. An object of the disclosed system and method is to 

provide an on-line geometric shape recognition system and 
method that can interpret a user's natural drawing style and 
output cleaned-up geometric shapes. This can be done by 
providing a system and method whereby the input strokes 
are associated with either primitives or gestures that the user 
can use to explicitly define constraints. Using the primitives 
and constraints associated with the user input, the system is 
able to output smooth geometric shapes. 

FIG. 4E shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 

20 example of the present system. 

Yet a further object of the disclosed system and method is 
to provide a simpler definition of constraints. This can be 
done by providing a system and method that defines con­
straints on a vector component level rather than on a 
primitive level. 

25 

30 

FIG. 4F shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

FIG. SA shows a pictorial illustration of a possible user 
input in accordance with an example of the present system. 

FIG. SB shows a pictorial illustration of a possible output 
with possible additional user input in accordance with an 
example of the present system. 

FIG. SC shows a pictorial illustration of a possible output 
in accordance with an example of the present system. 

Another object of the disclosed system and method is to 
relate primitives and constraints at the vector component 
level. This can be done by providing a system and method 
that breaks down primitives into sets of vector components 
and analyzes the relationship between the constraints and 35 

primitives at the vector component level. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth by way of examples in order to provide 
a thorough understanding of the relevant teachings. How­
ever, it should be apparent to those skilled in the art that the 

An object of the disclosed system and method is also to 
provide an on-line geometric shape recognition system and 
method that allows further editing of the output. This can be 
done by providing a system and method that recognizes 40 

certain input editing gestures. 

present teachings may be practiced without such details. In 
other instances, well known methods, procedures, compo­
nents, and/or circuitry have been described at a relatively 
high-level, without detail, in order to avoid Uilllecessarily 
obscuring aspects of the present teachings. 

The present system and method will be more fully under­
stood from the following detailed description of the 
examples thereof, taken together with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a computing device in 
accordance with an example of the present system. 

The various technologies described herein generally 
relate to on-line geometric shape recognition. The system 
and method described herein may be used to recognize a 

45 user's natural drawing style input through the processes of 
primitive recognition and constraint solving. The process of 
constraint solving can include the breaking down and com­
parison of primitives and constraints at the vector compo­
nent level. 

FIG. 2 shows a block diagram of a system for on-line 50 

geometric shape recognition in accordance with an example 
FIG. 1 shows a block diagram of an exemplary computing 

device 100. The computing device may be a computer 
desktop, laptop, tablet PC, e-book reader, mobile phone, 
smartphone, wearable computer, digital watch, interactive 
whiteboard, global positioning system (GPS) unit, enterprise 

of the present system. 
FIG. 3A shows a pictorial illustration of a possible per­

pendicularity constraint in accordance with an example of 
the present system. 

FIG. 3B shows a pictorial illustration of a possible length 
equality constraint in accordance with an example of the 
present system. 

FIG. 3C shows a pictorial illustration of a possible angle 
equality constraint in accordance with an example of the 
present system. 

FIG. 3D shows a pictorial illustration of a possible 
parallelism constraint in accordance with an example of the 
present system. 

FIG. 3E shows a pictorial illustration of a possible junc­
tion constraint involving ends of line segments in accor­
dance with an example of the present system. 

55 digital assistant (EDA), personal digital assistant (PDA), 
game console, or the like. Device 100 includes at least one 
processing element, some form of memory and input and/or 
output (I/O) devices. The components communicate with 
each other through inputs and outputs, such as connectors, 

60 lines, buses, cables, buffers, electromagnetic links, net­
works, modems, transducers, IR ports, antennas, or others 
known to those of ordinary skill in the art. 

The device 100 includes at least one input surface 104. 
The input surface 104 may employ technology such as 

65 resistive, surface acoustic wave, capacitive, infrared grid, 
infrared acrylic projection, optical imaging, dispersive sig­
nal technology, acoustic pulse recognition, or any other 
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appropriate technology as known to those of ordinary skill 
in the art. The input surface 104 may be bounded by a 
permanent or video-generated border that clearly identifies 
its boundaries. 

In addition to the input surface 104, the device 100 may 
include one or more additional I/O devices ( or peripherals) 
that are communicatively coupled via a local interface. The 
local interface may have additional elements to enable 
communications, such as controllers, buffers (caches), driv-

6 
processor 106 can read information from and write infor­
mation to the memory 108. In the alternative, the memory 
108 may be integral to the processor 106. In another 
example, the processor 106 and the memory 108 may both 
reside in a single ASIC or other integrated circuit. 

ers, repeaters, and receivers, which are omitted for simplic- 10 

ity but known to those of skill in the art. Further, the local 
interface may include address, control, and/or data connec­
tions to enable appropriate communications among the other 
computer components. 

The software in memory 108 includes the on-line geo­
metric shape recognition computer program, which may 
include one or more separate programs, each of which 
comprises an ordered listing of executable instructions for 
implementing logical functions. The operating system 110 
controls the execution of the on-line geometric shape rec-
ognition computer program. The operating system 110 may 
be any proprietary operating system or a commercially 
available operating system, such as WEBOS, WINDOWS®, 
MAC and !PHONE OS®, LINUX, and ANDROID. It is 
understood that other operating systems may also be utilized 

One such I/O device may be at least one display 102 for 15 

outputting data from the computing device such as images, 
text, and video. The display 102 may use LCD, plasma, 
CRT, or any other appropriate technology as known to those 

without departing from the spirit of the system and method 
disclosed herein. 

of ordinary skill in the art. At least some or all of display 102 
may be co-located with the input surface 104. Other addi- 20 

tional I/O devices may include input devices such as a 
keyboard, mouse, scanner, microphone, touchpads, bar code 
readers, laser readers, radio-frequency device readers, or any 
other appropriate technology known to those of ordinary 
skill in the art. Furthermore, the I/O devices may also 25 

include output devices such as a printer, bar code printers, or 
any other appropriate technology known to those of ordinary 
skill in the art. Finally, the I/O devices may further include 
devices that communicate both inputs and outputs such as a 
modulator/demodulator (modem; for accessing another 30 

device, system, or network), a radio frequency (RF) or other 
transceiver, a telephonic interface, a bridge, a router, or any 
other appropriate technology known to those of ordinary 
skill in the art. 

The memory 108 may include other application programs 
112 related to geometric shape recognition as described 
herein, totally different functions, or both. The applications 
112 include programs provided with the device 100 upon 
manufacture and may further include programs downloaded 
into the device 100 after manufacture. Some examples 
include a text editor, telephone dialer, contacts directory, 
instant messaging facility, computer-aided design (CAD) 
program, email program, word processing program, web 
browser, and camera. 

The on-line geometric shape recognition computer pro­
gram with support and compliance capabilities may be a 
source program, executable program ( object code), script, or 
any other entity comprising a set of instructions to be 
performed. When a source program, the program needs to be 
translated via a compiler, assembler, interpreter, or the like, 

The device 100 also includes a processor 106, which is a 
hardware device for executing software, particularly soft­
ware stored in the memory 108. The processor can be any 
custom made or commercially available general purpose 
processor, a central processing unit (CPU), a semiconductor 
based microprocessor (in the form of a microchip or chip­
set ), a macroprocessor, microcontroller, digital signal pro­
cessor (DSP), application specific integrated circuit (ASIC), 
field programmable gate array (FPGA) or other program­
mable logic device, discrete gate or transistor logic, discrete 
hardware components, state machine, or any combination 
thereof designed for executing software instructions known 
to those of ordinary skill in the art. Examples of suitable 
commercially available microprocessors are as follows: a 
PA-RISC series microprocessor from Hewlett-Packard 
Company, an 80x86 or Pentium series microprocessor from 
Intel Corporation, a PowerPC microprocessor from IBM, a 
Spare microprocessor from Sun Microsystems, Inc., a 68xxx 
series microprocessor from Motorola Corporation, DSP 
microprocessors, or ARM microprocessors. 

The memory 108 can include any one or a combination of 
volatile memory elements ( e.g., random access memory 
(RAM, such as DRAM, SRAM, SDRAM, etc.)) and non­
volatile memory elements (e.g., ROM, EPROM, flash 
PROM, EEPROM, hard drive, magnetic or optical tape, 
memory registers, CD-ROM, WORM, DVD, redundant 
array of inexpensive disks (RAID), another direct access 
storage device (DASD), etc.). Moreover, memory 108 may 
incorporate electronic, magnetic, optical, and/or other types 
of storage media. The memory 108 can have a distributed 
architecture where various components are situated remote 
from one another but can also be accessed by the processor 
106. The memory 108 is coupled to a processor 106, so the 

35 which may or may not be included within the memory, so as 
to operate properly in connection with the operating system. 
Furthermore, the on-line geometric shape recognition com­
puter program with support and compliance capabilities can 
be written as (a) an object oriented programming language, 

40 which has classes of data and methods; (b) a procedure 
programming language, which has routines, subroutines, 
and/or functions, for example but not limited to C, C++, 
Pascal, Basic, Fortran, Cobol, Perl, Java, and Ada; or (c) 
functional programming languages for example but no lim-

45 ited to Hope, Rex, Common Lisp, Scheme, Clojure, Racket, 
Erlang, OCaml, Haskell, and F#. 

The system may be initiated when processor 106 detects 
a user entered stroke via the input surface 104. The user may 
enter a stroke with a finger or some instrument such as a pen 

50 or stylus. The user may also enter a stroke by making gesture 
above input surface 104 if technology that senses motions 
above input surface 104 is being used. A stroke is charac­
terized by at least the stroke initiation location, the stroke 
termination location, and the path upon which the user 

55 connects the stroke initiation and termination locations. 
FIG. 2 is a schematic pictorial of a system for on-line 

geometric shape recognition in accordance with an example 
of the present system. Once initiated with at least one input 
stroke 113, the system preprocesses 114 the strokes. Pre-

60 processing 114 can include normalizing the path connecting 
the stroke initiation and termination locations by applying 
size normalization and/or methods such as B-spline approxi­
mation to smooth the input. 

After preprocessing, the system determines whether the 
65 stroke is a gesture or not in the context of an existing 

drawing. A gesture is an input stroke that provides additional 
information regarding the existing drawing. If the gesture 
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determination 116 recognizes a gesture, the system then 
passes the input to gesture recognition 120. The system may 
then recognize the input as an annotation defining an explicit 
constraint the user may wish to impose on existing geomet-
ric shapes. In one embodiment, the gesture recognition 120 
may use manually tuned heuristics based on polyline 
approximation of the gesture strokes and their position 
compared to the primitives to detect the gestures and dis­
tinguish between them in context of the existing drawing. 
However, any gesture recognition 120 method known to 
those of ordinary skill in the art may be used. The recognized 
gesture is passed on to the constraint solving method 122. 
The constraint solving method 122 will be discussed below. 
The gesture may also be associated with graphical editing 
instructions. In this case, the gesture is passed onto the 
graphical editing 124. 

The graphical editing 124 may be any method known to 
those of ordinary skill in the art to edit existing output 126. 
Such graphical editing 124 typically uses information from 
the gesture recognition 120 and the output 126 to adjust the 
current drawing by erasing it, filling in shapes with patterns 
or colors, changing the thickness or highlighting certain 
lines, or otherwise editing the current output 126 in ways 
known to those of ordinary skill in the art. 

If gesture determination 116 does not detect a gesture, the 
input is passed to the primitive recognition 118. Primitives 
may include the basic geometric shapes ( e.g., line segment, 
circle, ellipse, arc of circle, arc of ellipse, and point) or 
additionally more complex shapes ( e.g., sinusoidal, spline, 
Bezier, and parametric function plots). The system may also 
define a "junk" primitive, which cause the system to discard 
the input as an unrecognized primitive. Depending on the 
number of primitives defined in the system, primitive rec­
ognition 118 may include single-stroke primitive recogni­
tion that treats each stroke as a separate primitive to process. 
Primitive recognition 118 may also include multi-stroke 
recognition that treats multiple consecutive input strokes as 
single primitive. 

8 
resents the constraint solving method 122 adding the per­
pendicularity constraint internally. 

In another instance, the constraint solving method 122 
may not detect that the user intended two perpendicular line 
segments in FIG. 3A and output the non-perpendicular line 
segments in the middle illustration 130. The user may then 
annotate the junction of the two line segments with a square 
134, which the system would recognize as a gesture. The 
gesture recognition 120 would pass this gesture onto the 

10 constraint solving method 122, which would adjust the 
output to be two perpendicular line segments, as seen in the 
output 132 of far right illustration in FIG. 3A. 

In FIGS. 3A-3G, the constraints can be deduced by the 
constraint solving method 122 or explicitly armotated by the 

15 user. The annotations of these figures (i.e., a square 134 for 
perpendicularity in FIG. 3A, two small line segments 136 
for length equality in FIG. 3B, two arcs 138 for angle 
equality in FIG. 3C, two arrows 140 for parallelism in FIG. 
3D, a circle 142 around the ends ofline segments to form an 

20 junction in FIG. 3E, a circle 144 around the end of a line 
segment and line segment to form a junction in FIG. 3 F, and 
a circle 146 around a line segment and portion of a circle for 
a junction or tangency in FIG. 3G) are one embodiment, and 
the present system and method may use any gestures for 

25 these constraints as well as others. Further, constraints 
naturally associated with primitives may be deduced during 
primitive recognition 118 prior to the constraint solving 
method 122. For instance, the primitive recognition 118 may 
recognize a square from the input and also apply the 

30 constraints of four equal sides, four internal right angles, and 
parallel opposite sides. If primitive recognition 118 recog­
nizes a polyline, it may also apply the junction constraint 
where the lines intersect. However, for clarity this specifi­
cation will only refer to the constraint solving method 122 

35 as applying all constraints even though it is envisioned that 
the primitive recognition 118 may handle this function in 
some situations. 

The system may employ any combination of single and 
multi-stroke recognition methods known to those of ordi- 40 

nary skill in the art to determine which primitive most 
closely matches the input 113. One example of primitive 
recognition 118 is to fit the input 113 with all primitives, 
giving a score for each fitting attempt. Dynamic program­
ming may then be used to select the best set of primitives to 45 

encompass all of the input strokes based on the best overall 
fitting scores. Once the best set of primitives has been 
chosen, the set of primitives is sent to the constraint solving 
method 122. 

The constraint solving method 122 includes defining 
constraints and primitives at the vector component level 
rather than at a primitive level. When defining constraints at 
the primitive level, constraints are associated with specific 
primitives. However, by defining constraints at the vector 
component level a user may add additional constraints and 
primitives without adding exponentially more work. For 
example, when the junction constraint is defined and applied 
at the primitive level with two line segments, it must first be 
associated with the beginning or ending of a line segment. 
Once a circle primitive is added to the present system and 
method, the junction constraint must also be associated with 

50 the circle center together with other line segment externali­
ties. This constraint becomes even more complicated once 
ellipses and other more complex primitives are added to the 
present system and method, even though the constraint is 

The constraint solving method 122 may receive input 
from the primitive recognition 118, gesture recognition 120, 
and/or output 126. Constraints link primitives together ( e.g., 
length equality, angle equality, parallelism, symmetry, align­
ment, tangency, connection, and perpendicularity). FIGS. 
3A-3G are pictorial illustrations of possible constraints. In 55 

each case, the far left illustration is the input 113 and the far 
right illustration is the output 126. The middle illustration is 
the application of constraints by the constraint solving 
method 122. Constraints can be implicit, deduced by the 
constraint solving method 122 depending on the primitives 
provided by the primitive recognition 118, or can be explicit, 
defined by the user through gestures. For instance, the 
constraint solving method 122 may deduce the two line 
segments input 128 by the user in FIG. 3A were intended to 
be perpendicular and automatically apply the perpendicu­
larity constraint, outputting 132 the far right illustration of 
FIG. 3A. In this example, the middle illustration 130 rep-

still defining just a junction between two points. 
To avoid this exponential increase in complexity, the 

constraint solving method 122 breaks to down both primi­
tives and constraints at the vector component level, such that 
the method focuses on the relationships between points. In 
one embodiment, the constraint solving method 122 may 

60 define at least three items: points, lengths, and slope angles. 
To define primitives as items, the constraint solving method 
122 may break down the primitives into their items. For 
example, a line segment primitive may be defined by the two 
extremity points, a slope, and a length. Another example is 

65 a circle primitive defined by a central point and radius 
length. With the primitives broken down to their items, the 
constraint solving method 122 applies vector component 
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constraints. Even though the constraint solving method 122 
may include breaking down the primitives into their vector 
component items, in other embodiments, the primitive rec­
ognition 118 may break down the primitives into the vector 
components prior to passing the information to the con­
straint solving method 122. In this alternative embodiment, 
the primitive items from the primitive recognitions 118 
would still have constraints applied to them by the constraint 
solving method 122. 

Unlike constraints defined on the primitive level, con­
straints defined at the vector component level link items 
together. Vector component constraints may include: 

Slope Angle Constraint defined between two points and 
one slope angle; 

10 
FIGS. 4A-4F show a schematic pictorial illustration of 

possible inputs and outputs relating to a rectangle and 
polyline in accordance with an example of the present 
system. FIG. 4A shows a schematic illustration of an input 
of a rectangle. After preprocessing 114, the gesture deter­
mination 116 would not define this input as a gesture and 
pass the input on for primitive recognition 118. After primi­
tive recognition 118 determined the input was a rectangle, 
the information would be passed on to the constraint solving 

10 method 122. The constraint solving method 122 would apply 
the constraints known for a rectangle (e.g., four line seg­
ments that intersect at four interior right angles, and opposite 
sides are parallel and of equal length). This would produce 
the rectangle shown in FIG. 4B as output. 

Length Constraint defined between two points (A, B) and 15 

one length (L) so that IIABll=L; 
A user may further add to the rectangle with input shown 

FIG. 4C. The primitive recognition 118 would recognize this 
as a polyline primitive. The constraint solving mechanism 
122 would also detect a junction in the middle of the new 
polyline that is a right angle as well as junction with comer 

Projection Constraint defined between two points (A, B), 
a length (L) and a slope(s) so that Bis the projection of 
A following slope(s) at distance (L) and vice-versa; 

Junction Constraint defined between two points (A, B) to 
ensure A=B; 

Slope Angle Difference Constraint defined between two 
slope angles (sl, s2) and a given value (v) so that 
s2-sl=v; 

Length Ratio Constraint defined between two lengths (Ll, 
L2) and a given value (r) so that Ll/L2=r; 

Length Sum Constraint defined between three points (A, 
B, C) and one length (L) so that IIACll+IIBCll=L; and 

Existence Constraint defined for any point, and useful if 
it is isolated and not linked by any other constraint 

Other constraints may be defined in a similar mamier as 
would be known to those of skill in the art. Further, any 
constraint may be defined as a combination of vector com­
ponent constraints. One benefit of using vector component 
constraints is that the constraint solving method 122 may 
deduce the value of an item if some of the other items are 
known. As an example, the Length Constraint links two 
point items (A, B) to a length item L. So, if A and B are 
known, the value of L can be determined. Conversely, if A 
and L are known, B can be defined as on a circle of radius 
L centered on A, which information is added to the inter­
section parameter ofB. The same applies ifwe switch A and 
B. By breaking down both primitives and constraints on a 
vector component level the present system and method will 
be able to solve more situations. 

Once the constraint solving method 122 has broken down 

20 of the previous rectangle. This would produce new output 
shown in FIG. 4D. A user may want another junction that 
was not detected and add annotation 148 to the output as 
shown in FIG. 4E. This amiotation 148 would be processed 
as a gesture, recognized as a gesture to indicate a junction, 

25 and passed on to the constraint solving method 122. The 
constraint solving method would take output along with this 
gesture and all other relevant constraints to produce new 
output shown in FIG. 4F. 

FIGS. SA-SC show a schematic pictorial illustration of 
30 possible input and output relating to a polyline in accordance 

with an example of the present system. FIG. SA shows a 
schematic illustration of an input of a polyline. After pre­
processing 114, the gesture determination 116 would not 
define this input as a gesture and pass the input on for 

35 primitive recognition 118. After primitive recognition 118 
determined the input was a polyline, the information would 
be passed on to the constraint solving method 122. The 
constraint solving method 122 would apply the constraints 
detected by in the primitive polyline: two junctions between 

40 three line segments, parallelism between the first and third 
line segments, the corresponding angle quality between the 
two angles, and length equality between the first and second 
line segments. This would produce the polyline output 
shown in FIG. SB as output. A user may further indicate 

45 perpendicularity as shown with the additional small box 
annotation 150 on the second angle shown FIG. SB. This 
annotation 150 would be processed as a gesture, recognized 
as a gesture to indicate perpendicularity, and passed on to the 
constraint solving method 122. The constraint solving 

the primitives into items, the constraint solving method 122 
may apply all possible constraints to the primitives or may 
build a list of specific constraints based on priority. By 
placing constraints in a hierarchy, the constraint solving 
method 122 avoids applying contradictory constraints. For 
instance, constraints that maintain primitive integrity may be 
high priority. This ensures that primitives do not change 
their inherent shape (e.g., circles will remain a point and a 
radius). A second priority may constraints that the constraint 55 

solving method 122 implicit in the primitives such as a 
junction of a polyline. Other lower priority constraints may 

50 method would take output along with this gesture and all 
other relevant constraints to produce new output shown in 
FIG. SC. 

Through the present on-line geometric shape recognition 
system and method, the best results for user input drawing 
recognition are provided by breaking down primitives and 
constraints on a vector component level. By applying con-
straints to primitives on the vector component level and 
rebuilding the altered primitives for output, the present 
on-line geometric shape recognition system and method is 
able to handle more primitives and constraints without an 
exponential increase in difficulty. 

be those defined explicitly by the user (e.g., user defined 
parallelism) or those for pairs of primitives (e.g., a line 
segment tangentially intersecting to a circle). However, this 60 

hierarchy is only one example, and the present system and 
method is able to prioritize constraints in any mamier one 
skilled in the art would necessitate. After the constraint 
solving method 122 applies the proper constraints to the 
primitives, it rebuilds the primitives from their vector com- 65 

ponent levels to produce output 126 in the form of smooth 
geometric shapes. 

While the foregoing has described what is considered to 
be the best mode and/or other examples, it is understood that 
various modifications may be made therein and that the 
subject matter disclosed herein may be implemented in 
various forms and examples, and that they may be applied 
in numerous other applications, combinations, and environ-
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ments, only some of which have been described herein. 
Those of ordinary skill in that art will recognize that the 
disclosed aspects may be altered or amended without depart­
ing from the true spirit and scope of the subject matter. 
Therefore, the subject matter is not limited to the specific 
details, exhibits, and illustrated examples in this description. 
It is intended to protect any and all modifications and 
variations that fall within the true scope of the advantageous 
concepts disclosed herein. 

We claim: 
1. A non-transitory computer readable medium having a 

computer readable program code embodied therein, said 
computer readable program code adapted to be executed to 
implement a method for providing geometric shape recog­
nition for at least one input stroke, said method comprising: 

recognizing at least one primitive that corresponds to at 
least one input stroke; 

applying at least one constraint to the at least one primi­
tive, wherein the at least one constraint and at least one 
primitive are applied on a vector component level; and 

providing an output based on the application of the at least 
one constraint to the at least one primitive, 

12 
11. The non-transitory computer readable medium 

according to claim 1, wherein the possible at least one 
constraint comprises at least one of length equality, angle 
equality, parallelism, symmetry, alignment, tangency, con­
nection, and perpendicularity. 

12. The computer program product according to claim 1, 
wherein the possible at least one constraint comprises at 
least one of Slope Angle Constraint, Length Constraint, 
Projection Constraint, Junction Constraint, Slope Angle Dif-

lO ference Constraint, Length Ratio Constraint, Length Sum 
Constraint, or Existence Constraint. 

13. The non-transitory computer readable medium 
according to claim 1, wherein the at least one primitive 

15 comprises at least one of a line segment, circle, ellipse, arc 
of circle, arc of ellipse, and point. 

14. A method for providing geometric shape recognition 
for at least one input stroke on a computing device, the 
computing device comprising a processor and at least one 

20 non-transitory computer readable medium under control of 
the processor, said method comprising: 

wherein if the at least one constraint comprises multiple 
constraints, the multiple constraints are applied to the at 25 

least one primitive based on a priority order, wherein 

recognizing, by the at least one non-transitory computer 
readable medium, at least one primitive that corre­
sponds to at least one input stroke; 

applying, by the at least one non-transitory computer 
readable medium, at least one constraint to the at least 
one primitive, wherein the at least one constraint and at 
least one primitive are applied on a vector component 
level; and 

the priority order comprises constraints maintaining the 
at least one primitive's integrity, constraints implicit in 
the at least one primitive, and constraints defined by a 
gesture. 

2. The non-transitory computer readable medium accord­
ing to claim 1, wherein the at least one primitive comprises 
a plurality of input strokes. 

3. The non-transitory computer readable medium accord-

30 providing, by the at least one non-transitory computer 
readable medium, an output based on the application of 
the at least one constraint to the at least one primitive, 

ing to claim 1, wherein the at least one input stroke is at least 35 

one user gesture made above an input surface. 

wherein if the at least one constraint comprises multiple 
constraints, the multiple constraints are applied to the at 
least one primitive based on a priority order, wherein 
the priority order comprises constraints maintaining the 

4. The non-transitory computer readable medium accord-
ing to claim 1, wherein the at least one input stroke is 
preprocessed, wherein the preprocessing includes at least the 
normalization and smoothing of the at least one input stroke. 40 

at least one primitive's integrity, constraints implicit in 
the at least one primitive, and constraints defined by a 
gesture. 

15. The method according to claim 14, wherein the at least 
one primitive comprises a plurality of input strokes. 5. The non-transitory computer readable medium accord­

ing to claim 4, wherein the at least one primitive is defined 
on the vector component level as being constituted of at least 
one point, length, or slope angle. 

16. The method according to claim 14, wherein the at least 
one input stroke is at least one user gesture made above an 
input surface. 

6. The non-transitory computer readable medium accord- 45 

ing to claim 5, wherein the at least one constraint is defined 
17. The method according to claim 14, wherein the at least 

one input stroke is preprocessed by the at least one non­
transitory computer readable medium, wherein the prepro­
cessing includes at least the normalization and smoothing of 
the at least one input stroke. 

on the vector component level as applying to at least one 
point, length, or slope angle. 

7. The non-transitory computer readable medium accord-
ing to claim 6, wherein the at least one constraint to apply 50 

to the at least one primitive is associated with the at least one 
primitive. 

18. The method according to claim 17, wherein the at least 
one primitive is defined on the vector component level as 
being constituted of at least one point, length, or slope angle. 

19. The method according to claim 18, wherein the at least 
one constraint is defined on the vector component level as 

55 applying to at least one point, length, or slope angle. 

8. The non-transitory computer readable medium accord-
ing to claim 4, wherein the preprocessed at least one input 
stroke is analyzed to determine whether the at least one input 
stroke is a gesture, wherein if the at least one input stroke is 
a gesture, the gesture can provide at least one further 
constraint to the output based on the application of the at 
least one constraint to the at least one primitive. 

9. The non-transitory computer readable medium accord­
ing to claim 8, wherein the gesture provides graphical 
editing instructions to apply to the output based on the 
application of the at least one constraint to the at least one 
primitive. 

10. The non-transitory computer readable medium 
according to claim 9, wherein the graphical editing instruc­
tions comprise at least a deletion instruction. 

20. The method according to claim 19, wherein the at least 
one constraint to apply to the at least one primitive is 
associated with the at least one primitive. 

21. The method according to claim 17, wherein the 
60 preprocessed at least one input stroke is analyzed to deter­

mine whether the at least one input stroke is a gesture, 
wherein if the at least one input stroke is a gesture, the 
gesture can provide at least one further constraint to the 
output based on the application of the at least one constraint 

65 to the at least one primitive. 
22. The method according to claim 21, wherein the 

gesture provides graphical editing instructions to apply to 

Case 2:25-cv-00532     Document 1-14     Filed 05/15/25     Page 21 of 23 PageID #:  313Page 313 of 347



US 9,489,572 B2 
13 

the output based on the application of the at least one 
constraint to the at least one primitive. 

23. The method according to claim 22, wherein the 
graphical editing instructions comprise at least a deletion 
instruction. 

2~. The method according to claim 14, wherein the 
possible at least one constraint comprises at least one of 
length equality, angle equality, parallelism, symmetry, align­
ment, tangency, connection, and perpendicularity. 

14 
at least one primitive's integrity, constraints implicit in 
the at least one primitive, and constraints defined by a 
gesture. 

28. The non-transitory computer readable medium 
according to claim 27, wherein the at least one primitive 
comprises a plurality of input strokes. 

29. The non-transitory computer readable medium 
according to claim 28, wherein the at least one primitive is 
defined on the vector component level as being constituted 
of at least one point, length, or slope angle. 25. The method according to claim 14, wherein the 10 

possible at least one constraint comprises at least one of 
Slope Angle Constraint, Length Constraint, Projection Con­
straint, Junction Constraint, Slope Angle Difference Con­
straint, Length Ratio Constraint, Length Sum Constraint, or 
Existence Constraint. 

30. The non-transitory computer readable medium 
according to claim 29, wherein the at least one constraint is 
defined on the vector component level as applying to at least 

15 
one point, length, or slope angle. 

31. The non-transitory computer readable medium 
according to claim 30, wherein the at least one constraint to 
apply to the at least one primitive is associated with the at 
least one primitive. 

26. The method according to claim 14, wherein the at least 
on~ primitive comprises at least one of a line segment, circle, 
ellipse, arc of circle, arc of ellipse, and point. 

27. A non-transitory computer readable medium having a 
computer readable program code embodied therein said 20 

computer readable program code adapted to be execu~ed to 
i1:1~lement a method for providing geometric shape recog­
mt10n for at least one input stroke, said method comprising: 

preprocessing at least one input stroke; 

32. The non-transitory computer readable medium 
according to claim 30, wherein the gesture provides graphi­
cal editing instructions to apply to the output based on the 
application of the at least one constraint to the at least one 
primitive. 

33. The non-transitory computer readable medium 
according to claim 32, wherein the graphical editing instruc­
tions comprise at least a deletion instruction. 

analyzing the preprocessed the at least one input stroke to 25 

determine whether the at least one input stroke is a 
gesture: 

34. The non-transitory computer readable medium 
according to claim 27, wherein the at least one input stroke 

30 
is at least one user gesture made above an input surface. 

wherein if the at least one input stroke is not a gesture: 
recognizing at least one primitive that corresponds to 

the at least one input stroke; 
35. The non-transitory computer readable medium 

according to claim 27, wherein the possible at least one 
constraint comprises at least one of length equality, angle 
equality, parallelism, symmetry, alignment, tangency, con-

applying at least one constraint to the at least one 
primitive, wherein the at least one constraint and 
the at least one primitive are applied on the vector 
component level; 

nection, and perpendicularity. 
36. The non-transitory computer readable medium 

according to claim 27, wherein the possible at least one 
constraint comprises at least one of Slope Angle Constraint, 
Length Constraint, Projection Constraint, Junction Con-

wherein if the at least one input stroke is a gesture, the 35 

gesture provides at least one further constraint to an 
output based on the application of the at least one 
constraint to the at least one primitive, wherein the at 
least one constraint and the at least one primitive are 
applied on the vector component level; and 40 

straint, Slope Angle Difference Constraint, Length Ratio 
Constraint, Length Sum Constraint, or Existence Constraint. providing an output based on the application of the at least 

one constraint to the at least one primitive, 
wherein if the at least one constraint comprises multiple 

constraints, the multiple constraints are applied to the at 
least one primitive based on a priority order, wherein 45 

the priority order comprises constraints maintaining the 

37. The non-transitory computer readable medium 
according to claim 27, wherein the at least one primitive 
com_Prises at least one of a line segment, circle, ellipse, arc 
of cJrcle, arc of ellipse, and point. 

* * * * * 
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U.S. Patent No. 9,965,175 

Claim Language Infringement Read 

1. A system for digital note taking on 
computing devices, each computing device 
comprising a processor and at least one non-
transitory computer readable medium for 
recognizing handwriting note taking input 
under control of the processor, the at least 
one non-transitory computer readable 
medium configured to: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The computing devices on which 
Goodnotes 6 is used include a processor and a computer readable medium 
(Goodnotes app) for recognizing handwriting note taking input under control of the 
processor. 
 
See e.g.: 
https://www.goodnotes.com/pricing;  
https://www.goodnotes.com/features;  
https://support.goodnotes.com/hc/en-us/articles/10779382123919-Reflow-your-
handwriting-with-Lasso-Resize-Mode#h_01J8584JHDY4ME8YX1K4BXC866 
(reflow feature) 

cause display of, on a display interface of a 
computing device, digital ink in a block 
layout in accordance with a layout of 
geometric blocks of the handwriting input 
and a configuration of the computing device 
display interface, said configuration of the 
computing device being defined by 
horizontal and vertical dimensions of the 
display interface, and wherein the at least 
one non-transitory computer readable 
medium is configured to:  

Goodnotes 6 causes display of, on a display interface of a computing device, digital 
ink in a block layout in accordance with a layout of geometric blocks of the 
handwriting input and a configuration of the computing device display interface.  
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Figure 1 

As denoted by the red boxes in Figure 2, each of the words is a geometric block of 
handwriting input. 
 

 
Figure 2 

As can also be seen in the above image, the configuration of the computing device 
is defined by horizontal and vertical dimensions of the display interface (i.e., the 
edges of the virtual paper). 
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when the computing device display interface 
changes from a configuration whereby the 
geometric blocks of digital ink fit in 
horizontal adjacency within the horizontal 
dimension of the display interface to another 
configuration of reduced horizontal 
dimension, the reduced horizontal dimension 
being less than a cumulative horizontal 
geometric block dimension of the geometric 
blocks, cause moving of said one or more 
geometric blocks relatively to said others of 
geometric blocks while otherwise 
maintaining the layout of the said others of 
geometric blocks. 

When the computing device display interface changes from a configuration whereby 
the geometric blocks of digital ink fit in horizontal adjacency within the horizontal 
dimension of the display interface to another configuration of reduced horizontal 
dimension, the reduced horizontal dimension being less than a cumulative 
horizontal geometric block dimension of the geometric blocks, one or more of the 
geometric blocks is moved relative to said others of geometric blocks while 
otherwise maintaining the layout of the said others of geometric blocks. 
 
As depicted in Figure 3 and Figure 4 below, when the horizonal dimension is 
reduced to a configuration that is less than the cumulative horizontal geometric 
block dimension of the geometric blocks (blue box), the geometric blocks 
containing certain words are moved relative to other blocks while otherwise 
maintaining the layout. 
 

  
Figure 3 
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Figure 4 

The implementation of this claimed feature is shown in Goodnotes’s own video1 
and written materials2 promoting new features in Goodnotes 6. In the video, the 
reflow feature is referred to as a “massive upgrade” and demonstrates that when the 
horizontal dimension is reduced to less than the cumulative horizontal block 
dimension of the text, portions of the text are moved relative to other portions of the 
text. See Video at 8:00-8:20. Goodnotes also separately touted this feature on 
Reddit, explaining that one of Goodnotes 6 “new handwriting editing capabilities” 
is that “[y]our handwriting now reflows as seamlessly as typed text when you lasso 
and resize width, copy and paste, add space in the middle of sentences, or align left/ 
right/center.” 

 
 

 
1 https://www.youtube.com/watch?v=hNWQKI8FzJs, “Goodnotes Event: 3 new features to supercharge your productivity, creativity & learning” (Oct. 3, 2024).  
2 https://www.reddit.com/r/GoodNotes/comments/1fnfft0/new_in_v650_smart_ink_sticky_notes_math_assist/, “New in v6.5.0 - Smart Ink, Sticky Notes, Math 
Assist, Hover fix, and more (September 23rd, 2024).” 
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U.S. Patent No. 10,082,951 

Claim Language Infringement Read 

1. A system for providing interactive ink on 
a computing device, the computing device 
comprising a processor, a memory and at 
least one non-transitory computer readable 
medium for recognizing handwriting input 
under control of the processor, the at least 
one non-transitory computer readable 
medium configured to: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The computing devices on which 
Goodnotes 6 is used include a processor, a memory, and a computer readable 
medium (Goodnotes app) for recognizing handwriting input under control of the 
processor. 
 
See e.g.: 
https://www.goodnotes.com/pricing; 
https://www.goodnotes.com/features; 
https://support.goodnotes.com/hc/en-us/articles/10779382123919-Reflow-your-
handwriting-with-Lasso-Resize-Mode#h_01J8584JHDY4ME8YX1K4BXC866 
(reflow feature); 
https://support.goodnotes.com/hc/en-us/articles/7353695997199-Convert-
handwriting-to-text-in-Goodnotes-6 (convert-to-text). 

cause display of, on a display interface of the 
computing device, first digital ink in 
accordance with first handwriting input; 

Goodnotes 6 causes display on a display interface of the computing device, first 
digital ink in accordance with first handwriting input. 
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Figure 1 

allocate spatial or temporal references to ink 
elements of the first digital ink; 

Goodnotes 6 allocates spatial and or temporal references to ink elements of the first 
digital ink. Specifically, each of the letters/words is allocated a spatial or temporal 
reference. This is confirmed by Goodnotes 6 convert-to-text feature and reflow 
feature.  
 
The convert-to-text allows a user to confer handwritten notes created in Goodnotes 
to typed text by (i) selecting the Lasso Tool from the tool bar; (ii) circling the 
handwritten notes to convert; (iii) selecting “Convert” menu option; (iv) tapping the 
Text menu option to display the text; and (v) selecting the Convert button. 
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Figure 2 

 
Figure 3 

After the “Convert” button is pressed, Goodnotes 6 displays a screen with typed text 
replacing the corresponding handwritten text. 
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Figure 4 

 
Goodnotes 6 reflow feature also meets this limitation. As discussed with respect to 
claim 1 of the ’175 patent, when the horizontal dimension is reduced to less than the 
cumulative horizontal block dimension of the text, portions of the text are moved 
relative to other portions of the text. In order for entire words to be moved relative 
to one another (as opposed to individual strokes), Goodnotes 6 allocates spatial or 
temporal references to ink elements of the first digital ink. 

map the spatial or temporal references to 
corresponding recognized elements of the 
first handwriting input; and 

As noted with respect to the previous element, Goodnotes 6 maps the spatial or 
temporal references to corresponding recognized elements of the first handwriting 
input. This is evidenced by the convert-to-text feature which successfully converts 
handwriting input to typed text. Is it also evidenced by the reflow feature which 
successfully moved words while maintaining an appropriately structured layout. 

determine and store, in the memory of the 
computing device, ink objects including the 
spatial or temporal references and mapped 
recognized elements 

As noted above with respect to the previous elements, Goodnotes permits a user to 
convert-to-text or reflow after the digital ink is entered. In order for these features to 
operate successfully, Goodnotes 6 determines and stores in memory the ink objects 
along with spatial or temporal references that are mapped to recognized elements. 
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U.S. Patent No. 11,402,991 

Claim Language Infringement Read 

1. A system for edi ng digital documents on 
compu ng devices, each compu ng device 
comprising a processor and at least one non-
transitory computer readable medium for 
recognizing handwri ng input under control of 
the processor, the processor configured to: 

Goodnotes 6 is a digital note taking app that can be used on compu ng device with iOS, 
Windows, and Android opera ng systems. The compu ng devices on which Goodnotes 6 
is used include a processor and a non-transitory computer readable medium (Goodnotes 
app) for recognizing handwri ng input under control of the processor. The processor is 
configured to execute the instruc ons below based on Goodnotes 6. 
 
See e.g.: 
h ps://www.goodnotes.com/pricing; 
h ps://www.goodnotes.com/features; 
h ps://support.goodnotes.com/hc/en-us/ar cles/7443501398671-Scribble-to-Erase-
Handwri ng (scribble to erase) 
 
 

process a handwri ng input, wherein the 
handwri ng input can represent handwri ng 
content to be added to displayed text of 
previously processed handwri ng content or an 
edi ng gesture for enac ng control on the 
displayed text of the previously processed 
handwri ng content; 

Goodnotes 6 causes the processor to process a handwri ng input. Among other things, 
the handwri ng input to be an edi ng gesture that enacts control of the displayed text of 
previously processed handwri ng content. Goodnotes refers to this as “Scribble to Erase.” 

cause display of, on a display interface of a 
compu ng device, first digital ink in accordance 
with document content; 

Goodnotes 6 causes the processor to display on a display interface of a compu ng device 
first digital ink in accordance with document content. 
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Figure 1 

determine whether one or more strokes of the 
handwri ng input correspond to i) the 
handwri ng content to be added to the 
displayed text of the previously processed 
handwri ng content or ii) one or more edi ng 
gestures for enac ng control on the displayed 
text of the previously processed handwri ng 
content by 1) determining characteris cs of the 
handwri ng input, 2) determining context of the 
handwri ng input by evalua ng a loca on of the 
one or more strokes of the handwri ng input 
rela ve to the displayed text of the previously 
processed handwri ng content, 3) comparing 
geometric features of the one or more strokes 
of the handwri ng input with respect to the 
displayed text of the previously processed 
handwri ng content, and 4) considering a 
language of the displayed text of the previously 
processed handwri ng content; and 

When a scribble gesture is made over a word, Goodnotes 6 determines whether the 
gesture edi ng gestures for enac ng control on the displayed text of the previously 
processed handwri ng content. It does so by (1) determining characteris cs of the 
handwri ng input (2) determining context of the handwri ng input by evalua ng a 
loca on of the one or more strokes of the handwri ng input rela ve to the displayed text 
of the previously processed handwri ng content, (3) comparing geometric features of the 
one or more strokes of the handwri ng input with respect to the displayed text of the 
previously processed handwri ng content, and (4) considering a language of the displayed 
text of the previously processed handwri ng content.  
 
Specifically, Goodnotes 6 determines that the handwri ng input is a scribble in a loca on 
over previously processed handwri ng content and further by comparing the scribble with 
respect to the displayed text and by considering the language of the displayed text of the 
previously processed handwri ng input.  
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Figure 2 

cause display of, on the display interface, 
second digital ink in accordance with the 
handwri ng input. 

When Goodnotes 6 determines that the input is a scribble, it deletes the underlying word 
and causes display of, on the display interface, second digital ink in accordance with the 
remaining handwri ng input. 
 

 
Figure 3 
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U.S. Patent No. 10,410,316 

Claim Language Infringement Read 

1. A system for providing editing of digital 
ink on computing devices, each computing 
device comprising a processor and at least 
one non-transitory computer readable 
medium for recognizing handwriting input 
under control of the processor, the at least 
one non-transitory computer readable 
medium configured to: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The computing devices on which 
Goodnotes 6 is used include a processor and a non-transitory computer readable 
medium (Goodnotes app) for recognizing handwriting input under control of the 
processor. The computer readable medium is configured to perform the actions 
below. 
 
See e.g.: 
https://www.goodnotes.com/pricing; 
https://www.goodnotes.com/features; 
https://www.youtube.com/watch?v=hNWQKI8FzJs (at 9:10) 
 

cause display of, on a display interface of a 
computing device, digital ink in accordance 
with the handwriting input; 

Goodnotes 6 causes display of, on a display interface of a computing device, digital 
ink in accordance with the handwriting input. 
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Figure 1 

determine, from segmentation information of 
the handwriting input determined through 
the recognition of the handwriting input, 
ranges of elements of the digital ink; 

Goodnotes 6 causes display of, on a display interface of a computing device, digital 
ink in accordance with the handwriting input. This is demonstrated by the fact that 
the app allows handwriting to be pasted in the middle of a sentence or paragraph. As 
shown in the following elements, for this to happen, Goodnotes 6 determines from 
segmentation information of the handwriting input determined through the 
recognition of the handwriting input, ranges of elements of the digital ink (i.e., the 
beginning and end of handwritten text words). 
 

cause display of, on the display interface, an 
input cursor in relation to the determined 
digital ink element ranges; and 

Goodnotes 6 causes display of, on the display interface, an input cursor in relation 
to the determined digital ink element ranges. As shown below, the input cursor is 
placed in relation to the displayed digital ink elements (in between “for” and 
“digital”). 
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Figure 2 

cause said display of the input cursor within 
a region of overlap of ranges of elements of 
the digital ink determined in the step of 
determining ranges of elements of the digital 
ink. 

Goodnotes 6 causes the display of the input cursor within a region of overlap of 
ranges of elements of the digital ink determined when determining ranges of 
elements of the digital ink. As shown above, the input cursor is placed in between 
words of handwritten text. 
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U.S. Patent No. 10,181,076 

Claim Language Infringement Read 

1. A non-transitory computer readable 
medium having a computer readable 
program code embodied therein, said 
computer readable program code adapted to 
be executed to implement a method for 
providing geometric shape recognition for at 
least one input stroke, said method 
comprising: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The Goodnotes app is a computer 
readable program code adapted to be executed to implement a method for providing 
geometric shape recognition for at least one input stroke. 
 
See e.g.: 
https://www.goodnotes.com/pricing; 
https://www.goodnotes.com/features; 
https://support.goodnotes.com/hc/en-us/articles/360000113596-Draw-perfect-lines-
curves-and-shapes (draw perfect shapes) 
 

recognizing at least one shape primitive that 
corresponds to at least one input stroke; 

Goodnotes 6 recognizes at least one shape primitive that corresponds to at least one 
input stroke. As shown in the images below, Goodnotes 6 recognized the shape 
primitive as a square that corresponds to at least one input stroke. 
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Figure 1 

 
 

 
Figure 2 

defining the at least one shape primitive as a 
plurality of vector components; 

Goodnotes 6 defines the shape as a plurality of vector components. As shown in the 
image below, the vector components are the line segments between the dots. 
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Figure 1 

 
 

applying at least one vector component level 
constraint to the vector components, the at 
least one constraint geometrically linking at 
least two of the vector components; and 

Goodnotes 6 applies at least one vector component level constraint to the vector 
components, the at least one constraint geometrically linking at least two of the 
vector components. As can be seen above the, the constraint geometrically linking 
at least two of the vector components (such as at a corner). This occurs even in 
situations where the handwriting input may not connect two lines (as seen in Figure 
1), but the shape still includes a constraint that connects the lines (as seen in Figure 
2). 

providing an output based on the application 
of the at least one constraint to the vector 
components. 

Goodnotes 6 provides an output based on the application of the at least one 
constraint to the vector components. This output is depicted above in Figure 2) 
which depicts the complete shape. 
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U.S. Patent No. 10,013,603 

Claim Language Infringement Read 

1. A system for recognizing an arrangement 
of multiple objects on computing devices, 
each computing device comprising a 
processor, a memory and at least one non-
transitory computer readable medium for 
recognizing handwriting input under control 
of the processor, the at least one non-
transitory computer readable medium 
configured to: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The app can recognize an 
arrangement of multiple objects. The computing devices on which Goodnotes 6 is 
used include a processor, a memory, and a computer readable medium (Goodnotes 
app) for recognizing handwriting notetaking input under control of the processor. 
 
See e.g.: 
https://www.goodnotes.com/pricing; 
https://www.goodnotes.com/features; 
https://support.goodnotes.com/hc/en-us/articles/10779390143247-Select-content-
with-the-Lasso-Tool#h_01J857YQNCQ1NJ44896ZEFZ0KA (edit mode with lasso 
tool) 
 

determine, with the medium, at least one 
geometrical relationship between a plurality 
of recognized elements of the handwriting 
input; and 

Goodnotes 6 determines at least one geometrical relationship between a plurality of 
recognized elements of the handwriting input.  

As shown below, Goodnotes 6 includes an “Edit Mode” that allows the user to 
select an entire section of handwriting input (using the lasso tool) and then further 
press on a word to select only that word for editing (i.e., the word “Recognizing”). 
For the app to perform this functionality, the app determines a geometrical 
relationship between the plurality of recognized elements of the handwriting input 
(i.e., the several words) and allows selection of only one of those elements (i.e., the 
word “Recognizing”) by pressing on a portion of the word. 
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Figure 1 

 

 
Figure 2 

 

allocate, with the medium, the recognized 
elements having the at least one geometrical 
relationship therebetween to corresponding 

As illustrated above, Goodnotes 6 allocates the recognized element having the at 
least one geometrical relationship therebetween to corresponding positions of an 
arrangement of the recognized elements (i.e., the word “Recognizing”) by at least 
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positions of an arrangement of the 
recognized elements at least partially 
determined by boundaries of the recognized 
elements. 

partially determined by boundaries of the recognized elements (i.e., the light blue 
colors surrounding each letter in the word “Recognizing”). 
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U.S. Patent No. 9,489,572 

Claim Language Infringement Read 

1. A non-transitory computer readable 
medium having a computer readable 
program code embodied therein, said 
computer readable program code adapted to 
be executed to implement a method for 
providing geometric shape recognition for at 
least one input stroke, said method 
comprising: 

Goodnotes 6 is a digital note taking app that can be used on computing device with 
iOS, Windows, and Android operating systems. The Goodnotes app is computer 
readable program code adapted to be executed to implement a method for providing 
geometric shape recognition for at least one input stroke. 
 
See e.g.: 
https://www.goodnotes.com/pricing; 
https://www.goodnotes.com/features; 
https://support.goodnotes.com/hc/en-us/articles/360000113596-Draw-perfect-lines-
curves-and-shapes (draw perfect shapes) 

recognizing at least one primitive that 
corresponds to at least one input stroke; 

Goodnotes 6 recognizes at least one shape primitive that corresponds to at least one 
input stroke. As shown in the images below, Goodnotes 6 recognized the primitive 
as a square that corresponds to at least one input stroke. 

 
Figure 1 
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Figure 2 

applying at least one constraint to the at least 
one primitive, wherein the at least one 
constraint and at least one primitive are 
applied on a vector component level; and 

Goodnotes 6 applies at least one constraint to the at least one primitive. The 
constraint and one primitive are further applied on a vector component level. As 
seen in the image below, Goodnotes 6 applies at least one constraint (i.e., depicted 
by “dots”) to the primitive (i.e., square shape) on a vector component level (i.e., 
segments connected by the “dots”). 
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Figure 3 

providing an output based on the application 
of the at least one constraint to the at least 
one primitive, 

As shown in the images above, Goodnotes 6 provides an output on the screen based 
on the application of the constraints to the primitive.  

wherein if the at least one constraint 
comprises multiple constraints, the multiple 
constraints are applied to the at least one 
primitive based on a priority order, wherein 
the priority order comprises constraints 
maintaining the at least one primitive's 
integrity, constraints implicit in the at least 
one primitive, and constraints defined by a 
gesture. 

As shown above, if the constraint comprises multiple constraints, the multiple 
constraints are applied to the at least one primitive based on a priority order, 
wherein the priority order comprises constraints maintaining the at least one 
primitive's integrity, constraints implicit in the at least one primitive, and constraints 
defined by a gesture. 
 
For instance, as shown above, when the handwritten input stroke is close to but does 
not connect the ends of the primitive (see Figure 1, Goodnotes 6 prioritizes 
maintaining the primitive’s integrity by connecting the line segments to create the 
square shape (see Figure 2), but also includes constraints implicit in the primitive 
(e.g., the constraints in the middle of the side of the square), and constraints defined 
by a gesture (e.g., moving constraints via the user’s finger to move portions of the 
primitive to create a new shape). 
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