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Declaration of Lauren Gluckman
I, Lauren Gluckman, state and declare as follows:
l. Introduction

1. | have prepared this Declaration in connection with a petition for
inter partes review of U.S. Patent No. 8,471,812 which | understand will be filed
concurrently with this Declaration.

2. I am currently a Senior Research Analyst at Finnegan, Henderson,
Farabow, Garrett & Dunner, LLP, 901 New York Avenue, NW, Washington, DC
20001-4413.

3. | am over eighteen years of age and am competent to make this
Declaration. | make this Declaration based on my own personal knowledge and
based on my knowledge of library science practices.

4, | earned a Master of Science in Library Science (“MLS”) from
Rutgers University in 1993, and a Bachelor of Arts in Political Science from
Rutgers University in 1991. | have worked as a librarian for over thirty years. |
have been employed at Finnegan, Henderson, Farabow, Garrett & Dunner, LLP
since August 2021. My previous position, from 2006-2021, was as the Head of
Collection Management and Reference Librarian at the Montague Law Library at
Penn State Law of the Pennsylvania State University. From 2002-2006, | was
employed as a Reference Librarian at Sutherland Asbill & Brennan. | was

employed as a Senior Reference Librarian at the United States Senate Library from
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Declaration of Lauren Gluckman

1996-2002 and from 1993-1995 | was an Assistant Librarian at Debevoise &
Plimpton.

5. I am a member of the American Association of Law Libraries.
Il. Standard Library Practice for Receiving, Cataloging, and Making
Materials, including Serial and Monograph Publications, Publicly Available

6. | have knowledge of and experience with standard library practices
regarding the receipt, cataloging, shelving, and making materials, including serial
and monograph publications, available to the public. | have knowledge of and
experience with the Machine-Readable Cataloging (MARC) system, an industry-
wide standard that libraries use to catalog materials. | also have knowledge of and
experience with OCLC (previously called Online Computer Library Center, Inc.)
and OCLC Control Numbers, which are unique accession numbers assigned by the
OCLC system when a bibliographic record is catalogued and made available to the
public through WorldCat. OCLC control numbers are often used by the public to
search for specific records within WorldCat, which is an online database of
586,648,074 bibliographic records from libraries throughout the world as of
December 2024 (Source: https://www.oclc.org/en/worldcat/inside-worldcat.html).

7. Based on standard library practice, when a library receives a print
item, the cataloguer or cataloguer’s assistant will examine the item and date-stamp

and/or affix a label to the item with the library name and/or barcode with the date it
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Declaration of Lauren Gluckman

was received. Next, the library will catalog the item within a few days of receiving
it. As a general practice, cataloguing is centralized and performed by a cataloguing
department within a library or university setting.

8. Normally, after an item is cataloged, the public may access the item
by searching a library online catalog, browsing the physical library shelves,
searching a physical card catalog, or by seeking assistance from a Librarian to
identify the item. Standard library practice is to make an item available to the
public within several days of cataloging. If an item requires original cataloguing,
the item will be made available to the public up to and including one week from
the date of receipt.

I11. Serial Publications

9. A serial publication, often known as a “journal’ or “periodical,” is a
resource issued in successive parts and has no predetermined conclusion. These
successive parts are commonly referred to as “issues,” and each issue is usually
chronologically numbered and dated. The presence of enumeration, years of
coverage, and/or other chronological information also indicates a serial
publication.

10. There are significant differences between cataloging finite resources
(books/monographs) and continuing resources (serials). For serials, the catalog

record provides information about the serial as a whole, including the first or
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Declaration of Lauren Gluckman

earliest available issue. It also provides information as to holdings — the volumes
and issues, with dates, received by the library and made available to the public. In
serials cataloging, there are identifying characteristics unique to serials that are
slightly different from monographs (books). The issue date for a print serial
publication, for example, generally appears on the cover (front or back), the
masthead page, the title page (if any), the table of contents page(s), or on the pages
of the individual articles contained in the issue. The initial periodicals cataloging
record will sometimes not reflect all subsequent changes in publication details
(including minor variations in title, etc.). More information regarding the unique
aspects of cataloguing serials can be found at this link:

https://www.loc.gov/aba/pcc/conser/scctppt/Basic-2014/Basic-Trainee-

Mannual.pdf.

IV. Monographs versus Serials Cataloguing of Conference Proceedings
11. Conference proceedings often consist of a collection of individual
papers presented at a meeting, symposium or conference held during a specific
time-period in a designated geographic place. Although some ongoing
conference publications are catalogued as serials (if a conference publication
exhibits evidence of seriality after the first issue and it does not contain a
distinctive title or series number), cataloguing a conference publication as a

monograph can provide the public a way to easily locate and access the
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Declaration of Lauren Gluckman

conference resource, and its papers, by searching by a unique title, topic, or
other data points based on descriptive elements of the conference proceeding.
Monographs are efficient for public searching and offer the public an easier
way to discover what an institution holds, while changes to the record are not
an issue.
V. Ownership and Date-Stamp

12. Libraries have different policies on whether to date-stamp received
publications. It is becoming increasingly common for libraries to no longer
date-stamp the publications they receive. In the past, it was common practice to
affix an ownership and date stamp somewhere within the publication, usually
on the cover page, verso of the cover page, or a designated page within the
publication. The timing of when an ownership/date stamp is entered on the
monograph or periodical can vary from one library to another. It could occur
when the item is received in acquisitions after shipment to the library, or at the
time of cataloging. Therefore, it is possible for there to be instances when the
date of receipt precedes the cataloging date or vice versa.
VI. MARC Records

13. The MARC system was developed during the 1960s to standardize
bibliographic catalog records so they could be read by computers and shared

among libraries. By the mid-1970s, MARC had become the international
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standard for cataloging bibliographic materials and is still used today. Many
libraries provide public access to their MARC records via their electronic
cataloging systems at the library. In a MARC record, each field provides
specific information about the cataloged item, including how materials are held
and when they were made available to the public.

14.  The MARC record system uses specific three-digit numeric codes
(“field tags”) (from 001-999) to identify each field in a catalog record. For
example, field tag 008 provides the six-digit date an item was catalogued (Date
entered on file). The first six characters of field tag 008 are always in the
“YYMMDD” format. Descriptions and definitions of all the character
positions of field tag 008 are outlined here:
https://www.loc.gov/marc/bibliographic/ bd008a.html.

15. As s relevant to this Declaration, MARC field tag 022 provides
the International Standard Serial Number (ISSN), a unique identification
number assigned to a serial publication. MARC field tag 245 sets forth the
Title and statement of responsibility for the work. MARC field tag 260 sets
forth information relating to the place of publication, printing, distribution, and

copyright date.
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VIl. Open Access Resources and SPIE Digital Library

16.  Open Access (OA) refers to all electronic resources available online
without any licensing or copyright restrictions. A publication is considered Open
Access when there are no financial, legal, or technical barriers to accessing it. This
means anyone can read, download, copy, distribute, print, search for, and search
within the information or use it for education or any other legal purpose. Examples
of Open Access resources include articles, journals, books, conference
proceedings, theses, videos, music, and more. Open Access has become
increasingly popular in scholarly research and communication as academic
resource prices have significantly increased over the past decade, and academic
libraries' budgets have not kept pace with these new expenses.

17. The SPIE Digital Library is a publicly accessible online platform on
optics and photonics, providing access to technical publications from SPIE
Journals, Conference Proceedings and Presentations, and eBooks from SPIE Press
from 1962 to the present. It is located at the following website:

https://www.spiedigitallibrary.org. The SPIE Digital Library provides the ability to

search and browse features or to view tables of contents and abstracts for free.
Access to its full text content generally requires a subscription or a pay-per-view

purchase unless the content is freely available through Open Access.
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18.  New papers from SPIE's Journals and Proceedings are published as
they receive approvals and complete production. Print publications follow
completion of the online volume. For e-First publications, the electronic version is
the publication of record, and citation information indicates the online publication
date according to details provided from the SPIE Digital Library,

(https://www.spiedigitallibrary.org/about-the-dl).

VIIl. U.S. Copyright Office Records

19. The United States Copyright Office, a part of the Library of Congress,
Is the official U.S. government body which maintains copyright certificates and
copyright records of registration in the United States, including providing public
access to an online catalog of copyright records held by the Copyright Office. The
copyright records contained in the public catalog are routinely used by copyright
title researchers who are attempting to clear a chain of title for copyrighted works.
The records contained in the public catalog also denote the date of creation and the
date of publication of the copyrighted work.
IX. The Internet Archive

20.  The Internet Archive, a 501(c)(3) non-profit and founded in 1996, is a
publicly available digital library of Internet sites and other cultural artifacts that
can be searched and accessed in digital form. Its mission is to provide Universal

Access to All Knowledge including books, films, magazines, websites, videos,
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Declaration of Lauren Gluckman

software programs, audio recordings, and television. Like a physical library, it
provides free access to everyone. The Internet Archive is available here:
https://archive.org/.

21. The Internet Archive created a resource known as the “Wayback

Machine” (https://web.archive.org/). The Wayback Machine is named in reference

to the famous Mr. Peabody’s WABAC (pronounced way-back) machine from the
Rocky and Bullwinkle cartoon show. The Wayback Machine makes it possible to
search and browse more than 450 billion publicly available web pages stored in the
Internet Archive's web archive. Visitors to the Wayback Machine can search the
Archive by keyword or a website URL. If archived records for a URL or the key
words are available, the visitor will be presented with a display of available dates.
The visitor may select one of those dates and be taken to the collection of web
captures associated with the specific web crawl and point in time the capture came
from.

22. This archived data made viewable by the Wayback Machine is
obtained using web archiving software that automatically stores copies of files
available via the Internet, each file preserved as it existed at a particular point in
time.

23.  The Internet Archive assigns a URL to all archived files within the

Wayback Machine in the following format: http://web.archive.org/web/[Year in

10
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yyyy][Month in mm][Day in dd][Time code inhh:mm:ss]/[Archived URL]. This is
known as an “extended URL” format.
X.  Public Availability of Bove

24.  This Declaration relates to the date of receipt, accessibility, and public
availability of the following reference: Bove, V. Michael, et al. “Adding hyperlinks
to digital television.” SMPTE journal 108.11 (1999): 795-801. I understand the
Bove reference is being submitted as Exhibit 1012.

25.  As detailed below, | have reviewed the print reference of SMPTE
Journal containing Bove which was retained by Wisconsin TechSearch (WTS)
from the supplier Linda Hall Library- University of Missouri on May 2, 2025, to
determine the date of public accessibility and availability for this reference.

26.  Appendix 1 to this Declaration is a true and accurate copy of the
cover page, table of contents and the reference for the print version of Bove, V.
Michael, et al. “Adding hyperlinks to digital television.” SMPTE journal 108.11
(1999): 795-801. Appendix 1 also sets forth the reference was received by Linda
Hall Library NOV 17 1999, as indicated with a date stamp.

27. Appendix 2 to this Declaration is a true and accurate copy of the
Linda Hall Library public catalog record for its copy of SMPTE journal containing
Bove which was downloaded from

https://catalog.lindahall.org/discovery/fulldisplay?docid=alma992679233405961 &

11
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context=L&vid=01LINDAHALL INST:LHL&lang=en&search scope=MyInstitut

ion&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=issn,conta

INs,0036-1682,AND&mode=advanced&offset=0 on May 2, 2025.

28. The Linda Hall Library public catalog record, Appendix 2 sets forth
the publication, contents, and holdings information for its copy of SMPTE journal
containing Bove. Appendix 2 also denotes SMPTE journal containing Bove may
be requested from the closed stacks in the Linda Hall Library.

29.  Appendix 3 contains the MARC record for its holdings of SMPTE
journal containing Bove. Appendix 3 was downloaded from

https://catalog.lindahall.org/discovery/sourceRecord?vid=01LINDAHALL INST:

LHL&docld=alma992679233405961&recordOwner=01LINDAHALL INST on

May 2, 2025. Appendix 3 confirms the fixed data elements of MARC field tag 008
as “760405c¢19769999nyumrlp 0 aleng d”. As discussed above, the first six
characters “760405” are in typical “YYMMDD” format and indicate, SMPTE
journal was cataloged by Linda Hall Library on April 5, 1976. The “c” refers to the
publication as a continuing resource currently published since 1976.

30. MARC field tag 022 sets forth the unique ISSN as 0036-1682.
MARC field tag 245 sets forth the title of the publication as $aSMPTE journal :

$bpublication of the Society of Motion Picture and Television Engineers. MARC

12
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field tag 260 sets forth information relating to the place of publication and the
publisher of SMPTE journal as $a[Scarsdale, NY] : $bThe Society.

31. Based on the information in Appendices 2 and 3 attached to this
Declaration, standard library practices, and my experience as a librarian SMPTE
journal containing Bove was received by the Linda Hall Library NOV 17 1999 as
set forth in the date stamp.

32.  Accordingly, based on the information set forth in Appendices 2 and
3 attached to this Declaration, standard library practices and my experience as a
librarian, SMPTE journal containing Bove, would have been made available to the
public within a few days of being checked-in and cataloged on NOV 17 1999. The
interested public could have accessed SMPTE journal containing Bove by
searching the Linda Hall Library public catalog, visiting the Library and requesting
the volume within a few days of NOV 17 1999.

XI.  Public Availability of Oami

33.  This Declaration relates to the date of receipt, accessibility, and public
availability of the following reference: Ryoma Oami, Eiji Kasutani, Akio Yamada,
“Mobile multimedia library: an MPEG-7 application with camera-equipped mobile
phones,” Proc. SPIE 5909, Applications of Digital Image Processing XXVIII,
59090N (16 September 2005). I understand Oami is being submitted as Exhibit

1005.

13
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Declaration of Lauren Gluckman

34.  As detailed below, | have reviewed the print reference of Applications
of Digital Image Processing XXVIII containing Oami which was retained by
Wisconsin TechSearch (WTS) from the supplier Linda Hall Library- University of
Missouri on May 2, 2025; the U.S. Copyright Record for the Applications of
Digital Image Processing XXVIII containing Oami; and the SPIE Digital Library
website record for Applications of Digital Image Processing XXVIII containing
Oami, to determine the date of public accessibility and availability for this
reference.

35.  Appendix 4 to this Declaration is a true and accurate copy of the
cover page, title page, verso and table of contents for the print issue of Proceedings
of SPIE, Applications of Digital Image Processing XXVIII 2-4 August 2005 San
Diego, California held by the Linda Hall Library-University of Missouri which
includes Oami, Ryoma, Eiji Kasutani, and Akio Yamada. “Mobile multimedia
library: an MPEG-7 application with camera-equipped mobile phones.” Appendix
4 also sets forth the reference was received by Linda Hall Library 10-31-05, as
indicated with a handwritten entry on page iii. In addition, the verso states the “e-
First Publication for Proceedings: As of July 2005, Papers in the Proceedings of
SPIE are first published electronically in the SPIE Digital Library

(www.spiedl.org) and subsequently in print and CD-ROM”.

14
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Declaration of Lauren Gluckman

36. Appendix 5 to this Declaration is a true and accurate copy of the
Linda Hall Library public catalog record for its copy of Applications of Digital
Image Processing XXVIII containing Oami, which was downloaded from

https://catalog.lindahall.org/discovery/fulldisplay?docid=alma994591033405961&

context=L&vid=01LINDAHALL INST:LHL&Ilang=en&search scope=MyInstitut

ion&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=title,conta

ins,Applications%200f%20Digital%201mage%20Processing%20 X XVIII, AND&m

ode=advanced&offset=0 on May 2, 2025.

37. The Linda Hall Library public catalog record, Appendix 5 sets forth
the publication, contents, and holdings information for its copy of Applications of
Digital Image Processing XXVIII containing Oami. Appendix 5 also denotes
Applications of Digital Image Processing XXVIII containing Oami is located at
TA1632 .A66 2005 in the Linda Hall Library.

38.  Appendix 6 contains the MARC record for its holdings of
Applications of Digital Image Processing XXVIII containing Oami which was
downloaded from

https://catalog.lindahall.org/discovery/sourceRecord?vid=01LINDAHALL INST:

LHL&docld=alma994591033405961&recordOwner=01LINDAHALL INSTon

May 2, 2025. Appendix 6 confirms the fixed date elements of MARC field tag 008

as “051031s2005 wauab b 101 0engd”. As discussed above, the first six

15
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characters “051031” are in typical “YYMMDD” format and indicate, Applications
of Digital Image Processing XXVIII was cataloged by Linda Hall Library on
October 31, 2005. The “s” refers to a single known date of publication of 2005.

39. MARC Field tag 020 sets forth the unique ISBN 0819459143. MARC
field tag 245 sets forth the title of the publication as $aApplications of digital
image processing XXVIII : $b2-4 August 2005, San Diego, California, USA /
$cAndrew G. Tescher, chair/editor ; sponsored and published by SPIE--the
International Society for Optical Engineering ; organized with the support of the
International Telecommunications Union. MARC field tag 260 sets forth
information relating to the place of publication, the publisher and the date of
publication as $aBellingham, Washington : $bSPIE, $cc2005.

40. Based on the information in Appendices 5 and 6 attached to this
Declaration, standard library practices and my experience as a librarian,
Applications of Digital Image Processing XXVIII containing Oami was received by
Linda Hall Library on 10-31-05, as indicated with a handwritten entry page iii.

41.  Accordingly, based on the information set forth in Appendices 5 and
6 attached to this Declaration, standard library practices and my experience as a
librarian, Applications of Digital Image Processing XXVIII containing Oami,
would have been made available to the public within a few days of being checked-

in and cataloged on 10-31-05. The interested public could have been able to access

16
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Applications of Digital Image Processing XXVIII containing Oami by (i) searching
the Linda Hall Library public catalog, visiting the Library and searching the stacks
at Call Number TA1632 .A66 2005; or (ii) by asking a Library staff member and
being directed to the print resource located in the Library at Call Number TA1632
A66 2005 within a few days of 10-31-2005.
XI1. United States Copyright Office Record for Oami

42.  Section XII of this Declaration relates to the date of publication for
the United States Copyright Office record for Applications of Digital Image
Processing XXVIII: vol. 5909, 2-4 August 2005.

43.  Appendix 7 to this Declaration is a true and accurate copy of the
record for Applications of Digital Image Processing XXVIII: vol. 5909, 2-4 August

2005 which was downloaded from https://cocatalog.loc.gov/cqi-

bin/Pwebrecon.cqi?Search Arg=Applications+of+Digital+Image+Processing+XX

VII+&Search Code=TALL&PID=m02t1xrq0elEmypEh73lI8GT&SEQ=2025050

6121700&CNT=25&HIST=1 on May 2, 2025.

44.  Appendix 7 denotes a date of creation “2005” and a date of
publication “2005-08-02” for the title Applications of digital image processing

XXVIII : vol. 5909, 2-4 August 2005.

17
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45.  Appendix 8 is a true and accurate Certificate of Registration from the
United States Copyright Office displaying the Date of Publication of this Particular
Issue as August 2, 2005.

46.  In my professional opinion, Appendices 7 and 8 provide the official
United States Copyright Office record and Certificate of Registration for
Applications of Digital Image Processing XXVIII : vol. 5909, 2-4 August 2005 with
a date of publication of 2005-08-02 to be accurate, true and correct.

XI11. SPIE Digital Library Record for Oami

47.  Section XIII of this Declaration relates to the date of public
accessibility for the following reference Oami, Ryoma, Eiji Kasutani, and Akio
Yamada. “Mobile multimedia library: an MPEG-7 application with camera-
equipped mobile phones” in Applications of Digital Image Processing XXVIII,
edited by Andrew G. Tescher, Proc. SPIE Vol. 59090N (16 September 2005)
retrieved from the SPIE Digital Library online platform.

48.  The print version indicates e-First Publication for Proceedings as of
July 2005 where papers in the Proceedings of SPIE are first published

electronically in the SPIE Digital Library, https://www.spiedl.org/ and

subsequently in print.
49. On May 6, 2025, | searched Google Chrome to locate

https://www.spiedlorg/ where | was taken to the current website

18
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https://www.spiedigitallibrary.org/ attached here as Appendix 9. From Appendix

9, | selected “Papers”, https://www.spiedigitallibrary.org/conference-proceedings-

of-spie attached here as Appendix 10. From Appendix 10 | selected “Browse by

Volume Number”, https://www.spiedigitallibrary.org/conference-proceedings-of-

spie/browse/volume-number attached here as Appendix 11,

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/browse/volume-

number and continued my selection of “5000-5999”,

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/browse/volume-

number/5000-5999 attached here as Appendix 12. | further selected the range

“5000- 5999”, https://www.spiediqgitallibrary.org/conference-proceedings-of-

spie/browse/volume-number/5000-5999 attached here as Appendix 13 further

selecting the Volume 5909, Applications of Digital Image Processing XXVII|,

https://www.spiedigitallibrary.org/conference-proceedings-of-SPIE/5909.toc

attached here as Appendix 14 and navigating to Oami attached here as Appendix
15, https://www.spiedigitallibrary.org/conference-proceedings-of-
spie/5909/59090N/Mobile-multimedia-library--an-MPEG-7-application-with-
camera/10.1117/12.623829.short.

50. Appendix 15 sets forth Oami was added to the SPIE Digital Library
on 16 September 2005. On May 6, 2025 | selected “Purchase Single Article” and

was taken to a payment page to purchase a copy of Oami. | entered my details
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including payment information for the cost of the reference, $22.26. | next clicked
“download pdf” which is attached to my Declaration as Appendix 16. | compared
Appendix 4, a dated print version of Oami and Appendix 16 and conclude they
are the same text and figures except for formatting differences, they are the same
document.

51. Itis my professional opinion that members of the public could have
accessed the conference proceeding titled Applications of Digital Image Processing
XXVIII containing Oami by attending the conference in person August 2-4, 2005 or
by visiting the SPIE Digital Library website using the steps above on or after 16
September 2005.

XIV. Public Availability of SPIE Digital Library Records

52.  As detailed in the steps below, | searched the Internet Archive’s
Wayback Machine and located the details where the e-First publication for
Proceedings of SPIE are discussed.

53. I first navigated to the Internet Archive website at https://archive.org/.

I next navigated to The Wayback Machine (which is prominently displayed on the
homepage of the Internet Archive website) and clicked on its URL.:
https://web.archive.org/. In the search box, I entered the search term “spie.org”
which took me to a page displaying the 32,239 URL’s captured for the URL prefix

https://web.archive.org/web/20050715000000*/spie.org. | then navigated to the

20
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year 2005 and began reviewing the July dates for details related to their
publications. | then chose (clicked on) July 27, 2005 which was captured 3 times
on the date. The first snapshot listed under July 27, 2005 detailed as 03:15:15. This
took me to the following extended URL.:

https://web.archive.org/web/20050727031515/http://spie.ora/ where | selected

“Publications” then “Proceedings” which details the e-First publication of the
Proceedings of SPIE attached here as Appendix 17,

https://web.archive.org/web/20050715090230/http://www.spie.org/app/Publication

s/index.cfm?fuseaction=proceedings.

54.  The Publications-Proceedings details provided at the archived website
on July 15, 2005 states the following procedures: “Editor-reviewed papers from
post-meeting Proceedings of SPIE will be available within two to four weeks after
each symposium as PDF documents downloadable from the SPIE Digital Library
(SDL). The new e-First publication model begins with meetings held after June
2005. Print volumes will be ready to ship by six weeks after the meeting, and
collections of proceedings on CD-ROM by eight weeks after the meeting. Papers
from on-site Proceedings will be available in the SDL at the start of the
symposium. In the e-First model, the date the paper appears in the SDL is the

official publication date for that paper.”
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55. Based on the information in Appendix 17 and my review of the
details, members of the interested public could have accessed Oami in the SPIE
Digital Library as detailed in Section XI1I of this Declaration.

XV. Conclusion

56. Insigning this Declaration, | understand it will be filed as evidence in
a contested case before the Patent Trial and Appeal Board of the United States
Patent and Trademark Office. | understand | may be subject to cross-examination
In this case and that cross-examination will take place within the United States. If
cross-examination is required of me, | will appear for cross-examination within the
United States during the time allotted for cross-examination.

57. | declare that all statements made herein of my knowledge are true,
that all statements made on information and belief are believed to be true, and that
these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code.

Executed on June 6, 2025 in State College, Pennsylvania.

7\

Lauren Gluckman
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TECHNICAL PAPER

Adding Hyperlinks to Digital Television

By V. M. Bove, Jr., J. Dakss, S. Agamanolis, and E. Chalom

Hyperlinked video is where objects are made selectable by some form of
user interface, and the user’s interactions with these objects modify the

presentation of the video. Identifyin
of the chief difficulties in authoring

g and tracking the objects remains one
hyperlinked video; we solve this prob-

lem through the use of a video tracking and segmentation algorithm that
uses color. texture, motion, and position parameters. An author uses a
computer mouse to scribble roughly on each desired object in a frame of

video, and the system generates a se

gmentation mask for that frame and

following frames. This technique was applied in the production of a soap

opera program, with the result that the

user can inquire about purchasing

clothing and furnishings used in the show. This paper will discuss this and
other uses of the technology, describe our experiences in using the seg-
mentation algorithm for hyperlinked video purposes in both broadcast and
on-demand modes, and present several different user-interface methods

appropriate for hyperlinked video.

sers of the World Wide Web

(WWW) have become accus-
tomed to hyperlinks, whereby click-
ing on a word or graphic selects
another page. or perhaps modifies the
current one. The idea of hyperlinked
video, for selecting objects, has often
been discussed as a desirable possi-
bility. For instance, consider a fash-
ion program in which clicking on an
article of apparel provides informa-
tion about it, or a nature program that
lets children go on safari and collect
specimens. Playback of such materi-
al is well within the capabilities of
typical digital television decoders
with graphical overlay capability.
However, creating it has posed a
challenge because of the tediousness
of identifying the clickable regions in
every frame manually and the diffi-
culty of segmenting and tracking
them automatically.

A method, which simplifies the
authoring problem, has been devel-
oped for tracking and segmenting
objects. During editing, the author
simply uses the mouse to scribble

Presented at the 140th SMPTE Technical Conference
(paper no. 140-51), in Pasadena, CA., October 28-31.
1998, V. Michael Bove, Jr., Jonathan Dakss, Stefan
Agamanolis, and Edmond Chalom are with the MIT
Media Lab, Cambridge, MA 02139. An unedited ver-
sion of this paper appears in DTV Reality Check—The
First Year, SMPTE, 1998. Copyright © 1999 by
SMPTE.
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roughly on each desired object in a
frame of video. The system generates
a filled-in segmentation mask for that
frame and for preceding and follow-
ing frames, until there is a scene
change or the entrance of new
objects. Regions can then have an
action (e.g. graphical overlay, switch-
ing to a different video data stream,
transmission of data on a back chan-
nel) associated with them.

The viewer can select objects by a
variety of means, including ordinary
remote controls or remote controls
with inertial sensors. In our demon-
strations, a video projector that iden-
tifies and locates a laser pointer
aimed at its screen.

Our hyperlinked video system has
two main technical underpinnings.
First, a novel method of using color,
texture, motion, and position for
object segmentation and tracking of
video. While the author is indicating
regions of importance by scribbling
with the mouse, our system uses a
combination of these features to
develop multimodal statistical models
for each region. The system then cre-
ates a segmentation mask by finding
entire regions that are statistically
similar and tracking them throughout
a video scene. The second piece is a
scripting language for object-based
media called Isis, which enables the

association of the mask with the
video frames, and the association of
actions with selecting regions at par-
ticular times.

This system was utilized to author
a prototype hyperlinked video pro-
gram that resembles an episode of a
television serial drama. It enables the
viewer to select props, clothing, and
scenery and shows purchasing infor-
mation for the item, including the
price and retailer. The content of a
program, named “HyperSoap,” was
produced believing that existing tele-
vision material could not be adapted
effectively to hyperlinked video. This
entailed changes in the way
“HyperSoap™ was scripted, shot, and
edited when compared to a traditional
television program. A great deal was
learned about how people interact
with hyperlinked video, and the
design of several modes of user inter-
action was based on this information.

Authoring Hyperlinked Video

Several companies have announced
products for hyperlinked video
authoring. VisualSHOCK MOVIE
from the New Business Development
Group of Mitsubishi Electric
America, Inc., concentrates on web
and local playback (e.g. CD-ROM,
DVD-ROM). The authoring tool, the
Movie MapEditor, requires specify-
ing a rectangular bounding box
around the location of a desired
object in the starting and ending
frames of a video sequence. A track-
ing algorithm estimates the position
of the hot button in intermediate
frames: manual tracking by the opera-
tor is also supported. HotVideo from
IBM’s Internet Media Group has a
similar approach, but supports a larg-
er set of geometrical object shapes.
Intermediate locations of an object
may be specified by multiple
keyframes or located by a tracking
algorithm. Another current authoring
tool for incorporating an object-track-
ing algorithm is Veon’s V-Active.

It was found that this method for
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ADDING HYPERLINKS TO DIGITAL TELEVISION

associating links or actions to objects
is too coarse for the objects found in
many varieties of video sequences.
To enable the association of links
with arbitrarily shaped regions, a sys-
tem is needed which can differentiate
between objects with higher preci-
sion.

Segmenting Objects

Some automated segmentaton
method is necessary to enable the
author to specify clickable regions
that follow object outlines rather than
simple geometrical shapes, and if we
do not want to require manual outlin-
ing in every frame. For example, the
VisualSEEk system! automatically
identifies regions based on color and
texture distribution. This and other
automatic systems are limited by the
ability of the system to generate an
internal model that corresponds to
actual objects as required by the
author. Good quality is important for
situations in which the labels the sys-
tem generates for pixels (known as a
segmentation mask) are rendered for
the viewer, for example to indicate
the clickable regions. It must be
noted, of course, that playing back
video with a detailed segmentation
will require much more information
to be transmitted or at least retained
on the server than would be the case
with geometrical regions that can be
described in terms of their coordi-
nates.

A novel segmentation system that
classifies every pixel in every frame
of a video sequence as a member of
an object, or group of objects, as
defined by an author, has been devel-
oped.23 The system enables the
author to define objects by labeling
representative clusters of pixels in a
single frame. The pixels, which the
author has classified, are then tracked
through the remaining frames of the
sequence. The system computes mul-
tiple features for all of the pixels in
the sequence, including color, texture,
motion, and position. For each frame,
statistical models for each object are
created based on the features of the
classified pixels. These models are
then used to classify each unlabeled
pixel to the object with highest statis-
tical similarity.

We have created a simple drawing
tool that enables the author to indi-
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cate regions of importance within a
video sequence. The user selects a
single representative frame from the
sequence (typically one in which the
important regions are fully visible)
and uses the mouse to highlight rep-
resentative pixels for each desired
object. When the author has finished
labeling pixels in the frame, the sys-
tem estimates the location of these
pixels within each of the remaining
frames in the sequence using block
matching. When this stage is com-
plete, there are pixels in each frame,
classified to correspond to objects.
The next stage of processing will
assign the rest of the pixels in the
image to one of these objects.

Starting from a small subset of pix-
els that the author has indicated in
one frame and classifying every pixel
in every frame is done by calculating
a multimodal statistical model based
on a variety of different features
including the color, motion, and posi-
tion of a pixel and the texture and
motion properties of a small neigh-
borhood centered upon it. This yields
a more robust segmentation, where
the quality is minimally affected by
misleading data from a single feature.
Because a region’s model is multi-
modal, it is possible to specify a
region that has red and yellow pixels,
and the system will not assign inter-
mediate shades of orange to that
object.

After calculating a multidimen-
sional feature vector for every pixel
in the video sequence, we use the fea-
ture information for the tracked pixels
to form a statistical model for each
user-identified region. We then com-
pare the feature information of each
unclassified pixel to these models and
label the pixel as a member of the
region to which it bears the greatest
statistical similarity. Basically, fea-
ture information is used to express
each region as a mathematical func-
tion so that we can input feature val-
ues of unclassified pixels and receive
as output the probability that the pixel
corresponds to that region.

Because only statistical methods
are employed to classify pixels, it is
likely that there will be small aberra-
tions in otherwise consistent classifi-
cation, such as a small group of mis-
labeled pixels surrounded by properly
classified pixels. We use two algo-

rithms during a post-processing stage
to help rectify these aberrations. To
help remove small groups of misclas-
sified pixels, a process is used that
unclassifies each pixel that was origi-
nally classified with a certainty below
a set threshold. A second algorithm,
known as K-nearest neighbor (KNN),
reassigns the unclassified pixels to
the region that is most popular among
its neighboring pixels.

Because objects in video are likely
to reoccur in several shots and the
system is run on shots individually, at
this stage the author may wish to
adjust region labels, which have been
set locally to values representing a
region or object globally. This could
also mean adjusting mask values to a
special number (i.e., 0), which corre-
sponds to regions where no action or
link is desired.

At this stage the system has gener-
ated a second video sequence con-
taining the segmentation information
for every frame of the input sequence.

Associating Actions with
Objects

If pixel-level identification of
objects is possible (as it is with our
system), a person can interact with
the video during playback by indicat-
ing one or more pixels comprising a
particular object; the playback system
can then cause a corresponding event
or action to occur. This event could
be the display of additional informa-
tion about the object, such as the ren-
dering of text or an image, or perhaps
retrieving information from a URL on
the web. An event could also be a
change in the way the video is pre-
sented, such as showing scenes from
alternate camera angles or playing
back a different part of the video,
which is relevant to the selected
object. For example, the hyperlinked
video HyperCafe* allows a person to
navigate through various video clips
of conversations occurring in a cafe,
by selecting actors in the video or
icons appearing at certain times dur-
ing the presentation.

One possible implementation for
enabling this association is to provide
a database in which object labels can
be cross-referenced with descriptions
of the objects (if one of the desired
actions is to render object informa-
tion) or instructions for executing
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ADDING HYPERLINKS TO DIGITAL TELEVISION

actions. Many of the existing hyper-
linked video systems utilize this
infrastructure. For example,
Visual SHOCK maintains an anchor
list, accessible by a drop-down menu
system, where data structures con-
taining link information are stored
and referenced. The playback system
for “HyperSoap,” built in a scripting
environment called Isis,? maintains
an internal database consisting of a
list of lists, in which each corre-
sponds to a particular object and con-
tains text strings, including the name
of the object, as well as actions asso-
ciated with it.

Interacting with Hyperlinked
Video

In this section, we describe various
issues confronting us when we
designed our playback system.
Important user interface issues,
including methods in which the pres-
ence of links are indicated in video,
mechanisms used by the viewer to
select objects, and approaches to ini-
tiating link events are described in
detail. In many cases, our solutions to
these issues vary greatly from exist-
ing implementations.

One reason for this difference is
that our attention focused on user
interaction mechanisms apart from
the desktop PC. Therefore, we con-
cerned ourselves with the television
paradigm. In some ways, using a
mouse on a PC may be natural for
hyperlinked video, considering that
people are used to using a mouse to
activate hyperlinks on the web.
However, the desktop is not an ideal
place to view video; additionally,
many of the genres of content suit-
able for hyperlinked video are pro-
grams which people are accustomed
to watching in their living rooms.

We designed our system with the
intent of simulating a future televi-
sion-viewing scenario, one in which a
device with significant computational
ability (e.g. a set-top box, enhanced
television receiver, or DVD player)
could render video content while
receiving directions about playback
from both the viewer and the content
itself. For our implementation, we
used a projection screen and a video
projector, which displayed video data
transmitted by a workstation running
Isis, a scripting environment used to
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create our playback software.

When displaying hyperlinked
video, it is important to indicate the
presence of hyperlinks to viewers in a
manner which does not distract the
viewer from the content of the video.
This also enables a scenario in which
the viewer chooses to watch the pre-
sentation in a passive manner, as one
might read a document on the web
without choosing to click on hyper-
linked words. Ideally, viewers might
be able to adjust the manner in which
hyperlink opportunities are presented
to suit their own preferences.

Many of the existing hyperlinked
video playback tools utilize a com-
mon and minimally distracting
method for presenting hyperlink
opportunities to the viewer. Since the
viewer will be interacting with the
video using a pointing device (a
mouse or its equivalent), when the
viewer moves the cursor over a
hyperlinked region, the cursor
changes shape. At the same time, a
name or description for the link is
displayed in an area of the screen.
IBM’s HotVideo software goes a step
further and changes the cursor to an
icon, which corresponds to the type
of information contained in a link,
such as a small document if the link
is text or a film reel if the object links
to another video stream. HotVideo
also displays an indicator at all times,
which changes color to indicate when
there are hyperlink opportunities
within the frames of video that are
being shown to the viewer. This
method is also used by WebTV’s
WebPIP, as there is always only one
hyperlink opportunity in a video seg-
ment.

Other approaches can be more dis-
tracting. Whenever a frame contains
hyperlinked objects, HotVideo can
also render the wireframe shapes that
the author used to indicate the
regions. This method is suitable
when there are only a small number
of objects present in each frame of
video, but can cause the video to
become quite cluttered for higher
numbers of objects. It can also be
confusing to the viewer if the linked
object occupies a large portion of the
video frame and may surround other
objects, such as a wall in an interior
shot of a house. Another potentially
distracting display method, which a

HotVideo author can choose, is to
render the pixels within the wire-
frame shape in a different manner
than the ones outside the shape, such
as adjusting the brightness or color
tint of those pixels. In favor of having
the author determine this method per
link, many of these systems do not
allow the viewer to choose the
method in which all links are indicat-
ed.

Since our method allows for identi-
fying objects at a pixel level, the
presence of hyperlinks is shown by
highlighting all of the pixels that
comprise a selected object. This high-
lighting effect is achieved by using
Isis’ ability to overlay an image
buffer with a video stream in real-
time. During playback, there is an
image buffer whose pixels are all set
to a solid color. When the viewer
selects a pixel corresponding to a
hyperlinked object, the playback
script retrieves the segmentation
mask for the next frame and sets the
alpha channel of the pixels in the
image buffer to correspond to the
selected object’s pixels in the seg-
mentation mask. In this manner, the
only pixels in the image buffer that
will be rendered are the ones corre-
sponding to the selected object. Then,
when the next frame of video is ready
to be shown, Isis composites this
frame of video with the image buffer
(keeping the image buffer slightly
transparent) thus indicating the pres-
ence of a hyperlink. If the viewer
continues to select pixels from the
same object, the playback script
updates the alpha channel of the pix-
els in the image buffer. When the
user stops selecting pixels, the script
continues to update and render the
image buffer but adjusts the trans-
parency of the buffer over time. This
gives the viewer the impression that
the link is “fading” out of the picture.
We have also implemented two of
these buffers simultaneously, allow-
ing the system to show the presence
of another object while the previously
selected object may still be fading.

The means by which the viewer of
hyperlinked video selects links
should be simple to use and feel as
natural to the viewer as possible.
Since people are comfortable using a
remote control device to browse tele-
vision programming, it makes sense
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ADDING HYPERLINKS TO DIGITAL TELEVISION

Figure 1. (Top) A video frame with training points overlaid on it; (bottom) the resulting seg-

mentation.

for them to use this device to browse
through hyperlinks in that content.
WebTV provides buttons on the
remote that can be pressed when the
icon appears, indicating the presence
of a link for the present segment. The
viewer can then choose to view the
web page content referenced by the
link or archive the link for later view-
ing. When several links are present,
we envision a button on the remote
Page 30 of 112
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control, which would allow the view-
er to cycle through the hyperlinked
objects on the screen while a graphi-
cal overlay would be provided to
indicate the location of each object as
it is selected during the cycle. The
remote might also incorporate a posi-
tion touch pad, a joystick, or an iner-
tial sensor.

For our demonstrations, we used a
handheld laser pointer as the interac-

tion mechanism and set up a projec-
tion device to project frames of video
and track the position of the laser on
the screen. To do this, we added a
small digital camera to a regular
video projector and built the func-
tionality into the Isis playback script
to use the camera’s output. Since the
laser pointer forms a red dot with sig-
nificantly greater intensity than any
of the red pixels of the projected
video, the system looks at only the
red channel of the camera’s output
and applies a bounding-box algorithm
to determine the center of the laser
spot. We then apply a linear transfor-
mation to correct for possible key-
stone distortion and compute a cali-
brated (x,y) position for the laser in
units of screen pixels.

Since the viewer may have no prior
knowledge of which objects in the
video are hyperlinked, there must be
some method to allow the user to
browse through objects shown on the
screen before selecting one. To
achieve this with our laser pointer
interface, the playback script tracks
the number of frames in which the
viewer has pointed to the same
object. If the viewer selects the
object for more than a set number of
frames, the script assumes the viewer
intended to select that object. To
show the user that the object has been
selected, the pixel values in the image
buffer for highlighting are set to a
solid color, thus modifying the
appearance of the highlighting.

The temporal nature of video raises
an interesting issue regarding the dis-
play and timing of events associated
with embedded hyperlinks. Whereas
hyperlinked documents on the web
are stationary and can be read in any
desired fashion. there is a flow to
video content generally not controlled
by the viewer. While all of the exist-
ing systems direct web browsers to
video links immediately, we have
found that displaying lengthy or
detailed information while the video
continues to run may cause the view-
er to feel distracted from the video
content, reading or examining an
image simultaneously. Likewise, a
delay in showing the link information
may blur the context of the informa-
tion so that it is no longer relevant to
the video presentation. Thus, events
triggered by selecting hyperlinks
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ADDING HYPERLINKS TO DIGITAL TELEVISION

must be presented in a way which
maintains the continuity of the video
while still presenting the desired link
information to the viewer in a timely
and meaningful fashion.

Additionally, the system architec-
ture ‘and the capabilities of the view-
er’s equipment may affect the degrees
of freedom available. If the video is
playing on-demand from a server, or
locally from a DVD, random access
and pausing are possible, and it is not
necessary to do much caching of con-
tent. The segmentation mask does
not necessarily need to be transmit-
ted, or could be transmitted only
when the user is actually pointing at
something on the screen. In a broad-
cast environment, different content
design might be needed since pausing
is not possible; also the display
device needs the segmentation mask
at all times. We’ve experimented
with strategies appropriate for each
case. In an early experiment, select-
ing a link caused the video to be
interrupted immediately to show the
viewer the link content. After a set
period of time, the link content would
disappear and the video would
resume from the last frame shown
before the interruption. While some
users enjoyed the instant response
from the system, others found it
somewhat troubling as their interac-
tions would interrupt important
moments within the content, such as
cutting an actor off while they were
delivering a line. Also, people tended
to forget the context of the video con-
tent before the interruption and found
themselves somewhat lost in the plot
of the video when it resumed.

Our next implementation yielded a
more pleasant manner of interaction.
Once a viewer selected a hyperlink,
the script would wait until the video
reached a natural breakpoint (for
instance, after an actor finishes
speaking a set of lines) before inter-
rupting and showing the link’s infor-
mation. This yielded a much more
favorable reaction from users of the
system, although the initial reaction
of many first time users waiting for
information was that the playback
mechanism was not working proper-
ly. Others who felt more interested in
the link information than in the video
content expressed that they would
have preferred instant feedback.
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Figure 2. A viewer indicates a desired object by pointing at it with a special remote control.

In addition to this mode of interac-
tion, we decided to implement two
additional modes for our system and
gave the user the capability to toggle
between all three modes during play-
back. The first additional mode over-
laid an abridged version of the link
information while the video contin-
ued to run. Based on the area of the
screen where the user selected an
object, the system would try to render
the information so that it would be
less likely to occlude other hyper-
linked objects. This could be com-
bined with a feature similar to
WebTV’s, where each link was
archived to enable the viewer to see
the complete information after the
end of the program. (Fig. 1.)

“HyperSoap”

We used our authoring and play-
back systems to create “HyperSoap,”
a four-minute prototype hyperlinked
video drama in which the content was
closely patterned after daytime soap
operas. We oversaw every aspect of
the production of “HyperSoap™ con-
tent, including scriptwriting, story-
boarding and directing the shoot, and
post-processing the video and audio.
Every item on the set, including
clothes, props, and furnishings, was
taken from the JCPenney catalog and
was for sale. Pointing the laser

remote at the screen highlighted
selectable objects and keeping the
pointer fixed on one object for an
extended period selected it. In
instant-feedback mode (simulating a
broadcast), a small text window
would be displayed on the screen
containing the item’s description,
brand name, price, and a logo for the
distributor. In breakpoint mode, more
descriptive text boxes would be
shown, as well as a still image resem-
bling a photo of the item from a cata-
log. This same information could also
be rendered at the end of the scene.
(Figs. 2 and 3.)

In breakpoint mode, we used music
to help maintain continuity between
the video and the hyperlink informa-
tion. A soundtrack was composed for
*HyperSoap™ with the unique quality
that it could continue despite inter-
ruptions and still help to underscore
the action being played out in the
video. This was achieved by having
the composer write pieces of music
for specific parts of the scene, which
could be seamlessly looped by the
playback script. When the scene
changed from one part to the next, the
music for the previous part would
fade out while the new one began. As
a result, when the user selected a link,
the background music for the scene
would continue through the interrup-
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Marina T.D.

Earrings

Figure 3. Information called up by selecting an object.

tion. Many users commented that the
music helped to bridge the interrup-
tions of the program content when
objects were selected.

Our authoring system produced
enough pixel-level segmentation of
the 40 objects appearing in
“HyperSoap” to permit the use of the
segmentation mask for highlighting.
A total of 45 shots, where the number
of linkable objects per shot ranged
from 10 to 20, were needed to be run
through the system individually. We
found that to maintain consistently
high-quality segmentation. we needed
to retrain the system after approxi-
mately 30 frames, or approximately
one second of video. This was largely
done to prevent the propagation of
errors during the tracking of the
author-specified pixels: however, it
still provided an exceptional level of
automation of the segmentation
process. Typically, an average of
5.000 pixels were classified in each
training frame by the author, so that
for each 30-frame sequence the
authoring system was required to
classify 99.8% of the total pixels.
Additionally, we found we were able
to reduce the amount of data in the
segmentation mask by subsampling
the data vertically and horizontally by
a factor of two. This had a minimal
effect on the quality of the upsampled
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mask when it was rendered.

“HyperSoap” raised several inter-
esting issues regarding the differ-
ences between traditional television
programming and hyperlinked video
content. A traditional television soap
opera is designed in such a way that
simply adding hyperlinks and allow-
ing interruptions would likely detract
from its effectiveness because they
would obstruct the flow of one of the
most important components of this
format, the story,

In designing the content for
“HyperSoap,” we had to move away
from a form where the story is central
and any product placement or viewer
interaction are decorations to a new
form where all of these components
are equally important and dependent
on each other for the survival of the
presentation. The knowledge that
everything would be for sale and
viewers would be interacting often
was part of the program’s design
from the very beginning. This
entailed several changes in the way
the scene was scripted, shot, and edit-
ed when compared to a traditional
television program.

For example, shots were designed
to emphasize the products for sale
while not drawing too much attention
away from the flow of the story. This
often required close-ups of certain

objects that would have otherwise
been difficult to see or select with our
interaction device; actions needed to
be written in the script so these close-
ups would not seem unnatural.
Similarly, the scene was edited so
that shots were either long enough or
returned often enough for viewers to
spot products and decide to select
them. Also, the story itself involved
the products in ways that might
increase their value to the consumer.
Integrating the story with the prod-
ucts made interruptions to show prod-
uct information less jarring overall.

Conclusion

We found knowledge of all the
objects in “HyperSoap™ were for sale
and that the program was designed
for the dual purpose of entertainment
and shopping motivated viewers to
stay tuned and to interact with the
products. As an additional way to
motivate viewers to select products,
we also implemented another version
of “HyperSoap™ in which selecting
objects revealed details about the plot
and characters in the drama which
pertained to those items. We feel that
both of these types of programming
would create an intriguing form of
interaction, were they to be imple-
mented in a broadcast model. Other
potential types of content likely to
benefit from “hyper” capabilities
include how-to videos, particularly
those involving complicated compo-
nents, such as repairing an automo-
bile or learning to fly an airplane.
Likewise, training videos that demon-
strate complex processes where sev-
eral people perform tasks simultane-
ously (for example, a surgical proce-
dure or a football play) could allow
viewers with different backgrounds to
learn more about the tasks or people
whose purpose particularly interests
them. This same idea could be
applied to documentaries and educa-
tional programming, for example
enabling children to learn more about
particular aspects of nature by select-
ing animals and plants observed in
safari footage, as if they were collect-
ing specimens on a real safari.

Although we used the Isis language
for our production, it is quite possible
to use standard tools (such as Java).
While the computational demands of
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segmentation are quite high, display
is well within the capabilities of a
typical PC or a set-top box with
graphical overlay capabilities.
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Mobile Multimedia Library: an MPEG-7 application
with camera-equipped mobile phones
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ABSTRACT

This paper proposes a Mobile Multimedia Library (MML), a new application of information retrieval using camera-
equipped mobile phones. MML allows users to get information of an unknown object anywhere and anytime. A user
simply takes a picture of the object by a mobile phone and sends it directly to an MML server on which the picture is
analyzed to identify the object. The MML server retumns the identification result to the mobile phone and the user can
browse information of the object on the display of the mobile phone. This application employs the k-Nearest Neighbor
approach using eight MPEG-7 visual features to identify objects. A prototype system for animal identification has been
developed to demonstrate effectiveness of the MML framework. It takes about ten seconds on average for the identifica-
tion in which 63% and 79% queries were correctly identified within first four and first ten candidates, respectively, out
of 229 categories.

Keywords: MPEG-7, CBIR, content based image retrieval, camera-equipped mobile phone, multimedia library, k-
Nearest Neighbor

1. INTRODUCTION

Mobile phones have evolved into ubiquitous communication and information retrieval tools from mere handsets just for
telephoning. E-mail exchange and Internet connection functionalities are outstanding features that have spurred this evo-
lution. Many people nowadays exchange e-mails with mobile phones instead of computers thanks to the mobility. In-
formation retrieval services through the Internet are also frequently utilized with mobile phones. On-demand train time-
table/transfer information search and restaurant guides are examples of services frequently used in Japan. These services
are available anywhere and anytime just only using mobile phones without any preparation in advance. Mobile phones
are hence considered to be very valuable terminals despite their inconvenience of inputting characters with a limited
number of small buttons.

A camera equipped on recent mobile phones is one of the solutions to improve this inconvenience. The camera is
originally incorporated just to simply enjoy taking pictures and sharing them with other people through e-mails, but the
camera has become to draw attention as an input means. An OCR (Optical Character Reader) functionality is, for exam-
ple. installed to automatically input such text strings as URLs and phone numbers to mobile phones without typing
them. Barcode reading functionality is another example developed to input text embedded in two dimensional barcodes.
Current usage of the camera is just to provide an alternative way to input text strings, but the camera has much more
promising potential as an information input means.

Object appearance is substantial information acquired by the camera. This inspires us with an idea that the camera can
also be exploited to take unknown objects for acquiring their information. The camera functions as an input means of
non-verbal, visual information triggering information retrieval. When a person happens to encounter an unknown flower
during trekking, for example, s/he can immediately obtain the flower information just by taking a picture of it. CBIR
(Content-Based Image Retrieval) technologies help us to achieve this retrieval.

The research area of CBIR i is now very acuve and many applied systems have been proposed so far. QBIC' (Query By
Image Content), VisualSEEK?, and MARS" are examples of such CBIR systems. In these systems, a query image is pro-
vided for searching similar images from an image database. Similarity is measured based on low-level image fealures
representing color, shape and texture. Some of them accept sketch images as a query instead of natural images"’, and

" r-oami@az.jp.nec.com; phone +81-44-431-7710; fax +81-44-431-7590

Applications of Digital image Processing XXVIII, edited by Andrew G. Tescher,
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keywords as well. CBIR technologies are extended to web-oriented systems, such as WebSEEK® and RetrievalWare®
CBIR applications are now being investigated in various fields, and their application area is still growing.

A new application with camera-equipped mobile phones, Mobile Multimedia Library (MML), is proposed in this pa-
per. This is an information retrieval application that enables us to get information from a picture of an object taken by a
camera on mobile phones. The picture is analyzed with a CBIR technology using MPEG-7 visual features''"", including
the color layout description proposed by us’. This application inherently solves a general problem of query-by-example
for CBIR, that is, how to obtain a proper query to feed CBIR systems. Two major issues are also solved for its practical
use.

One of them is restriction on computational resources of mobile phones. Object identification is computationally in-
tensive unlike OCR or barcode reading functionality, so that it is quite difficult to perform it only using the resources on
mobile phones. The identification is, therefore, performed on a server in place of resource-restricted mobile phones. E-
mail exchange and internet connection functionalities of mobile phones are exploited to exchange information between
mobile phones and the server. The other issue is semantic gaps between capability of the current CBIR systems and
ability of human recognition’. Human interaction is hence incorporated to bypass the semantic gaps.

In Section 2, the concept of MML and the system architecture are depicted. The algorithm of image analysis and
MPEG-7 visual features used for this application is then described in Section 3. A prototype developed for identifying
animals and its evaluation results are presented in Section 4 and 5. Other possible MML applications are shown in Sec-
tion 6, which illustrates the usefulness of the MML framework.

o CONCEPT OF MOBILE MULTIMEDIA LIBRARY AND ITS ARCHTECTURE

2.1. Concept of Mobile Multimedia Library

Mobile Multimedia Library (MML) is an information retrieval application that provides information from a picture of
an object taken by a camera on mobile phones, anywhere and anytime. The object is identified using the picture, and the
results are presented on a screen of mobile phones.
The advantages of this application are as follows:
(1) No necessity of carrying encyclopedia
This is an overall advantage the application has. A single camera-equipped mobile phone is enough to acquire in-
formation of target objects anywhere and anytime. No other preparation is necessary.
(2) Easy input of a visual query
This is an advantage of using camera-equipped mobile phones. Taking a picture of a target object is the only re-
quired operation, which is quite easy so that many people including children have already managed a camera on
mobile phones. The picture is directly used as a visual query.
(3) No necessity of background knowledge of objects

(1) Query picture input ! A query picture (2) Object

o B identification RIS
Identification results =
i : Visual
(candidate categories) e DE
L WA MML
i=tion’ | 2-Zabca Thumbnail click server
e _
s |7 & |(3) Candidate object Encyclopedic
. 1+ Cwmgar | 8 G category presentation information DB
Users | Encyclopedic
mobile information
phone

There are theee kinds of - .

::... LT [4} Encyf: lopedic h
the rer Greveys ans | information presentation
these speces are several

races that have different

Figure 1: System overview of MML.
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This is an advantage CBIR has. The MML application allows us to search objects just from their appearance. No
knowledge about taxonomy, which is often needed to consult encyclopedias, is required for getting information
of target objects.
(4) Customized search and presentation of retrieved information
This comes from the characteristics of a mobile phone as a private terminal. User preference information, which is
stored implicitly in private data such as e-mails or explicitly as a user profile in mobile phones, can be used for
this customization. For example, presented information can be customized according to the level of his/her knowl-
edge or interest.

2.2. System overview

The MML application is implemented in a form of a client-server type application that consists of camera-equipped mo-
bile phones and a remote server, which is called MML server, to retrieve information. Object identification process is
performed on the MML server instead of resource-restricted mobile phones for its practical use, since the identification
process usually needs much computational power.
The system architecture of the MML is shown in Figure 1. Information of an object is retrieved by the MML in the
following manner.
l.  query picture input,
2. object identification based on query analysis,
3. interactive selection of a proper candidate, and
4. information presentation for selected object category
In Step 1, the user takes a picture of the unknown object by a camera-equipped mobile phone. This picture is uploaded
to a remote MML server as a query. In Step 2, the query picture is analyzed on the MML server to identify the object in
the picture. MPEG-7 visual features are extracted from the query and compared to the features of training images stored
in a visual feature DB. As a result, several object categories are derived as candidates based on the identification results.
In the following of the paper, the term “candidate object category” is used to refer object categories selected as candi-
dates that the unknown object can belong to. In Step 3, a web page containing the identification results is presented on
the screen of the mobile phone. This page contains representative images corresponding to each candidate object cate-
gory. Each representative image is linked to encyclopedic information of the corresponding object category. In Step 4,
one of the candidates is selected by clicking one of the representative images, and the encyclopedic information about
the clicked object category is displayed on the user’s mobile phone.
The MML server has two types of databases: a visual feature DB and an encyclopedic information DB, as shown in
Figure 1. The former DB contains visual features of training images, which are samples included in each object category
and used for query analysis to identify the object. The latter DB has encyclopedic information to be provided to the user.

i ALGORITHM FOR OBJECT IDENTIFICATION

3.1. Overview

The object identification process on the MML server in Figure 1 is depicted in Figure 2. Visual features are first ex-
tracted from a query picture. The distance values between the query features and the training image features in the fea-
ture DB are next computed for each elementary feature description standardized as MPEG-7, such as the color layout
and the edge histogram. Total distance between two images is then computed by summing the individual distance values
that are computed and normalized for each feature description. The obtained total distance values are finally fed to ob-
Ject identification process to determine candidate object categories for the query. In the following subsections, database
configuration on the MML server is described. Each step is then described in more detail.

3.2. Visual feature database on the MML server

In the visual feature DB in Figure 2, visual features for plenty of training images are stored for each object category
together with its representative image. This is for coping with different appearance and variation. Appearance of objects
varies with their viewing angle and capturing conditions, which results in different feature values. Some object catego-
ries have several variations, that is, entities that have inherently different appearance even within the same object cate-
gory (e.g. male lions have manes, but female ones do not). Whereas increasing the number of training images for each
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Figure 2: Diagram for query analyzing process to find candidate object categories.

object category improves completeness, this makes processing time longer and this does not always result in improving
identification results. A proper number of the training images should be determined in consideration of this trade-off.

3.3. Feature extraction

The feature extraction process in Figure 2 extracts various visual features from the query picture. Several elementary
visual feature descriptions defined in MPEG-7"" are employed as listed in Table 1 because of their discriminating poten-
tial. The interoperability of the features is also their advantage in building an extensible retrieval system. This makes it
possible to exchange features and matching results among different systems.

For the object information retrieval application, we employed the following eight elementary feature descriptions: four
color features (the color layout, the color structure, the dominant color, and the scalable color), two texture features (the
edge histogram, and the homogeneous texture), and two shape features (the contour shape, and the region shape). These
features can be extracted automatically, except that object segmentation masks necessary for computing shape features
are manually generated. A future work is to incorporate one of conventional automatic segmentation methods into the
feature extraction process. The dimensionality of each elementary feature is listed in Table 1. Please see the Appendix
for more detailed specification.

3.4. Distance computation between the query image and training images

Distance values are computed between each pair of the query and the training image stored in the visual feature DB. The
computed distance values are fed to object identification process.

[n the distance computation for each pair, distance values for the eight elementary feature described in Section 3.3 are
first individually computed. Distance functions as described in MPEG-7 Part 8" are employed for this computation.

The obtained eight individual distance values are then normalized to equalize the range of distance values among dif-
ferent elementary features. The normalization is performed with the mean and the standard deviation of distance distri-
bution in the visual feature DB. Distance values within [-3 0, 3 0" ] are linearly mapped onto the interval [0, 1] and the
values outside the range are represented with the closest end point, that is, zero or one.

The normalized distance values for individual elementary features are then summed up with a set of certain weighting
coefficients to calculate the total distance. The optimal weighting
coefficients were derived in a learning process with a set of training
images. The combination of eight coefficients was exhaustively

Table 1: MPEG-7 elementary visual fea-
tures used for object identification

searched in the learning process. Visual Features Dimensionality
Color Layout 18 dims

3.5. Object identification by k-Nearest Neighbor approach Color Structure 256 bins

Object identification is performed using the total distance values Dominant Color < 8 colors

obtained in the previous subsection. k-Nearest Neighbor ap- Scalable Color 256 bins

proach'?, which gave the best accuracy among several methods we ~ _Edge Histogram 80 bins

tried, is taken for this identification. The total distance values are Homogeneous Texture | 2 + 60 dims

first sorted in the ascendant order, and the number of samples for Contour Shape < (3 +62) dims

each object category included in the first & rank is counted. The _Region Shape 35 dims
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object categories with high frequency are finally selected as candidates after sorted by the frequency.

4. PROTOTYPE SYSTEM

A prototype system for identifying animals was developed as an example to demonstrate the proposed MML frame-
work. This section describes this animal identification system.

4.1. Prototype system for animal identification

A third-generation mobile phone was used in this prototype system. This has a camera whose resolution is about 300
thousand pixels and its screen size is 33 mm x 45 mm. A computer with a Pentium 3GHz CPU, which has an ADSL
connection to the Internet, was utilized for the MML server.

For uploading a query picture from the mobile phone to the MML server, e-mail exchange function of the mobile
phone was exploited, that is, the picture was enclosed in an e-mail as an attachment, and sent to the server. On the server
side, a program module periodically checking a designated mail account was implemented, and e-mails were immedi-
ately downloaded and pictures were separated from the e-mails when they were found. The pictures are then provided to
the identification process in Figure 2.

A process for animal identification is launched by the e-mail checking module, and a web page showing identification
results are generated. Details about the web page design are described in Section 4.2. Terminal adaptation related to
screen size was performed in generating the web page. The size of the representative images is adjusted to the screen
size so that all the candidates can be seen without scrolling according to the types of mobile terminals. An environment
variable that notifies a platform and a browser type was checked to distinguish different terminals.

The DB for encyclopedic information for each animal was generated from some sources available on the Internet. The
information such as in-depth descriptions of animals and their living environment was included.

4.2. Web page design for showing animal candidates

The web page showing identification results is designed to include representative images for first four candidate catego-
ries as shown in Figure 3 (a). This is because “four” is considered to be the maximum number to show the representa-
tive images simultaneously without losing details necessary for distinguishing the animals. It is certain that more than
four candidates can be displayed with smaller images, but this sometimes makes it hard to differentiate the candidate
objects at a glance on a small screen of a mobile
phone. In the case of PDAs or smart phones that MML

have a larger screen, more candidates like first ten Identification Results
can be displayed. The query image is also dis-
played at the bottom just for confirmation.

The web page is designed so as to minimize user
operation. The first candidate animal category is
focused when the web page is presented on the
mobile phones. Hence if the first candidate is the
animal category a user wants to know, just one
click action is enough to show the information.
The focus is easily moved by pressing buttons cor-
responding to moving focus, so that the user can Your query:
selects one of the representative images.

Encyclopedic information as shown in Figure 3
(b) is displayed on the screen of the mobile phone
by clicking one of the four images. The second
image is assumed to be clicked in this example.
This web page contains the representative image of
this category, a link to a page including various  (a) Web page showing iden- (b) Encyclopedic information
images belonging to the same category, and de- tification results. for the animal selected in (a).
scription regarding this animal category. The link
is included for checking other images of this cate-
gory as well to confirm that this is the correct ani-
mal category. Thus users can easily get informa-

Encyclopedic
Information

Browse Zebra's Images:

3-Congar| 4-Cal There are three kinds of
zebras in Africa: Moun-
tain zebras, Savanna
zebras, and Grevey's
zebras. These zebras
have different stripe
patterns.

Figure 3: Web pages for identification results and ency-
clopedic information that is shown after one of the candi-
date animal categories is selected.
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(a) The web Page that shows (b) Retrieved information by (c) Detailed descriptions about
identification results. clicking the picture of the first “lion”. These descriptions are
candidate “lion™ in (a). shown by scrolling the screen.

Figure 4: Screen shots presented to a user by the prototype system.

tion of animals using the MML application.

: PROTOTYPE DEMONSTRATION AND EXPERIMENTAL RESULTS

5.1. Demonstration of the prototype system

Figure 4 shows screen shots presented to a user by the prototype system. The left most image shows the web page dis-
playing the first four candidates. If the user clicks the top-left lion image, the information about lion is obtained as
shown in the middle picture. When scrolling the screen, detailed descriptions about lions appear as shown in the right-
most image. The highlighted description of “Browse Lions Images™ is for browsing other lion images.

It was confirmed using this prototype that all the operations required to users, from taking a picture of an animal to
browse information displayed, can smoothly be done with only a single hand as designed. The processing time for ani-
mal identification is about ten seconds on average, which would be acceptable in ordinary use cases.

5.2. Evaluation of identification algorithm

Experiments for evaluating the accuracy of the animal identification algorithm were carried out. A feature database stor-
ing features for 2681 ftraining images

from 229 animal species was built. The 80
query images for evaluation were 600,
including 335 pictures actually taken by
a camera at a zoo in Japan. Weighting

70

- 3 - . . . — k-_-zi‘ |
Loefﬁ(_::enls used for weighting individ- 60 k=40
ual distance values of each MPEG-7 k=60
description tools were optimized using 50 e
training images included in the feature g

40 +k=|(}0__

DB.

Figure 5 shows the identification re-
sults of the identification algorithm for
several different number & of nearest
neighbors. Each curve corresponds to a
different k, ranging from 20 to 100. The
horizontal axis indicates the rank to Rank
which the correct result is included.
Hence the accuracy increases monotoni-

Identification accuracy (%)

30

20 - ' ’ : : —

Figure 5: Identification accuracy for several k values.
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cally with the rank value.

The accuracy is 63% when first four candidate animal categories are provided, which occurs at k = 100. If ten candi-
dates can be displayed, which is the case for smart phones with a larger screen, the accuracy increases up to 79%. Cur-
rently, more than 80% of the total species included in the feature DB belong to the dog category, which means many
animals with similar appearance are included. If only one candidate is shown to a user, the accuracy is about 33% at
most and the best performance is achieved when & = 20. This implies the importance of human interaction.

The accuracy is expected to increase if more different types of animals are included with the DB. According to this re-
sult, the parameter k was set to 100 in the prototype system mentioned in Section 4.1.

6. OTHER POSSIBLE APPLICATION SCENARIOS FOR MML

The framework of the MML is widely applicable, not limited to animal identification system described above. This
framework is quite general, so that many application examples are considered in the same framework. The followings
are possible examples for which the MML framework can effectively be applied.

® Flower identifying systems

® Building/monument guide systems

® Museum guide systems

@® Product information retrieval systems with logo identifier

® Navigation systems to a nearest store with logo identifier

The flower identifying systems are very similar to the animal identification mentioned in this paper. In this case, loca-
tion and time information, which can be obtained by GPS (Global Positioning System) or the clock of mobile phones, is
also effectively utilized as well as visual features to identify flowers. The building/monument guide systems are also
similar to the animal identification, but location information becomes much more relevant. The museum guide systems
are used in museums or art galleries to retrieve information of paintings and statues.

The product information retrieval systems are a little different from the previous three examples, which are just for re-
trieving information of the objects in themselves. In this application, taking a logo of a store makes it possible to access
its product information such as price for each product sold there or electric coupons can be retrieved. On the other hand,
the nearest store corresponding to the identified logo is searched in the navigation systems, and navigation service to the
store is provided with a map and location information obtained by GPS.

The MML framework can, furthermore, be applied to conventional CBIR systems in themselves. One of the problems
of the conventional CBIR systems is how to acquire an appropriate query. Camera-equipped mobile phones can be em-
ployed to solve this problem.

)3 CONCLUSION

A Mobile Multimedia Library, an MPEG-7 application with camera-equipped mobile phones has been proposed in this
paper. Mobile phones are exploited as means for inputting a query image, uploading the image to an MML server, and
browsing information returned from the MML server. The MML server analyzes the query image to identify the object a
user wants to know, and then the identification result with their related information is sent to the user and presented.
MPEG-7 visual features are used for identifying the objects. The developed animal identification prototype system
demonstrated the usefulness of the MML.
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APPENDIX: MPEG-7 VISUAL FEATURES FOR MML
The following eight MPEG-7 features are utilized in the prototype system of MML for animal identification.
Color Layout
This feature expresses brief color layout information for rectangular regions. This is extracted by computing DCT for
8x8 small image generated by shrinking an entire rectangular region to this size. Low frequency components are se-
lected and quantized to yield the elements of the color layout. The feature data size is usually very small, typically 8
bytes for an rectangular region, but it has a very high discriminative capability. 18 coefficients (six coefficients for all
Y, Cb and Cr components) are used in our system.
Color Structure
This feature expresses both color distribution and a local color structure together. An N x N (typically 4 x 4) structuring
element is sled over a target rectangular region for capturing the color structure. The frequency of each color appearing
within the element is counted in the HMMD color space. The total number of bins is 256 in the current system.
Dominant Color
This feature describes dominant colors (up to eight colors) for a rectangular region. Region segmentation is first applied
in order to find dominant colors by grouping pixels with similar colors. The portion of each segmented region is also
considered when computing distances between two features.
Scalable Color
This is basically color histogram in the HSV color space, which is encoded by a Haar Transform. The main feature of
this is its scalable characteristics in terms of the number of bins. This scalability is achieved by Haar Transform for the
histogram. The number of bins is 256, which means hue, saturation and value are quantized into 16, 4, and 4 levels, re-
spectively.
Edge Histogram
This feature describes edge histograms for 16 blocks after a rectangular region is divided into the 16 blocks. The histo-
gram is calculated for four directions (horizontal, vertical and two diagonal directions) and for non-directional edges.
The number of bins is, therefore, 80 in total.
Homogeneous Texture
This feature expresses characteristics of texture information using mean energy and energy deviation, which are com-
puted for each frequency channel obtained by Gabor functions. The number of channels is 30 designated by six levels in
angular direction and 5 levels in radial direction. The number of dimensions is 62, including the mean and the standard
deviation for an entire rectangular region.
Contour Shape
This expresses shape information by describing contour of a region based on CSS (Curvature Scale-Shape) representa-
tion. The CSS representation decomposes the contour into convex and concave sections by the points with zero curva-
ture. The circularity and eccentricity are derived from the CSS representation, and the magnitude of the largest peak.
and the position of the remaining peaks are included in the feature.
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Region Shape

This represents a binary shape mask by decomposing it using orthogonal 2-D basis functions defined by the Angular
Radial Transform. This can express shapes consisting of multiple disconnect regions and shapes with some holes. Total
number of dimensions is 35, which is determined by 12 levels in angular direction and 3 levels in radial direction.

Page 58 of 112 5
Proc. of SPIE Vol. 5909 _




APPENDIX 5



https://catalog.lindahall.org/discovery/fulldisplay?docid=alma994591033405961 &context=L &vid=01LINDAHALL_INST:LHL&lang=en&search_scope=Mylinstitution&a  May 2, 2025 at 2:56 PM EDT

daptor=Local%20Search%20Engine&tab=LibraryCatalog&query=title,contains,Applications%200f%20Digital%20Image%20Processing%20XXVII,AND&mode=advanced&offset=0

Browse Journal All Citation Themed Document

!
Search Search Databases Linker Collections Delivery b o ; Menu w
Search anything Library Catalog = \!,a ,O

n For optimum display, please use Chrome or Firefox. Safari users may not be able to see all the relevant information.

& P Backto results list

COMFERENCE PROCEEDING

Applications of digital image processing XXVIII : 2-4 August 2005, San Diego,

California, USA / Andrew G. Tescher, chair/editor ; sponsored and published by SPIE--

the International Society for Optical Engineering ; organized with the support of the
International Telecommunications Union

Tescher, Andrew G.; Society of Photo-optical Instrumentation Engineers; International Telecommunication Union
2005

- Available at Linda Hall Library Books - 2n

e Send to
Tmye!
= o) & ” B B
Email QR Permalink Citation EasyBib Export RIS
Get It
< B to Loc

LOCATION ITEMS
Linda Hall Library

Available , Books - 2nd Floor ; TA1632 .AG6 2005 Y -
(1 copy, 1 available, 1 request) -V
Item in place
Loanable B Ind F TA1632 A
Details
Title Applications of digital image processing XXVIII : 2-4 August 2005, San Diego, California, USA / Andrew
G. Tescher, chair/editor ; sponsored and published by SPIE--the International Society for Optical
Engineering ; organized with the support of the International Telecommunications Union
Other title Digital image processing
Proceedings of SPIE--the International Society for Optical Engineering. v. 5909.
Creator/Contributor er, Andrew G
Subjects
Identifier ISBN : 9780815459145
ISBN : 0819455143
OCLC : (OColL(C)62189828
Series f
nternationa
Publisher Bellingham, Washington : SPIE
Creation date <2005
Format 1v. (various pagings) : ill. (some color), maps ; 28 cm.
General notes Includes bibliographic references and author index.
Virtual Browse
- - - -
{ ications Applications Applications Applications Applications Applications >
gital of digital of digital of digital of digital of digital
e image image image image image

essing processing processing processing processing processing
Page 60 Of 112 8-10 )0 2 5-8 WOV 2-6 VI 2-4 KX 15-17 .. 200(: 28-30




Page 61 of 112



APPENDIX ©



Page 63 of 112



APPENDIX 7



5/2/25, 12:27 PM WebVoyage Record View 1

(Ccopyright

United States Copyright Office

Try the Copyright Public Records System (CPRS) pilot with enhanced
search features and filters.

Help Search History Titles Start Over

Public Catalog

Copyright Catalog (1978 to present) at DC4
Search Request: Simple Search = Applications of Digital Image Processing XXVIII

Qprﬂviuus next E

I Labeled View

Search Results: Displaying 1 of 1 entries

Applications of digital image processing XXVIII :

Type of Work: Entry not found.
Registration Number / Date: TX0006266473 / 2005-11-18
Title: Applications of digital image processing XXVIII : vol. 5909, 2-4 August 2005.
Copyright Claimant: Society of Photo Optical Instrumentation Engineers
Date of Creation: 2005
Date of Publication: 2005-08-02
Copyright Note: Cataloged from appl. only.

Names: Society of Photo Optical Instrumentation Engineers

Qprﬂviuus next b

Save, Print and Email (Help Page) |

Select Download Format v [ Format for Print/Save ]

Enter your email address: [ Email ]

Help Search History Titles Start Over

Contact Us | Request Copies | Get a Search Estimate | Frequently Asked Questions (FAQs) about Copyright |
Copyright Office Home Page | Library of Congress Home Page

Pa(ge 65 0of 112

https://cocatalog.l6€.gov/cgi-bin/Pwebrecon.cgi?v1=1&ti=1,1&Search%5F Arg=Applications%200f%20Digital %20Image%20Processing%20XXVIlI&Search%
5FCode=TALL&CNT=25&PID=Ai0dFW_ncl32k08uRNwa5ie4&SEQ=20250506123017&SID=1 11



APPENDIX 8



g {"1

NS AT e g Ea gy (TR AL SAAY
Adiiticnal Cerificate (17 U.s.C. TUE

Certificate of Registration
Short Form SE

This Certificate issued under the seal of the Copyright For 8 Serial

- . 3 g UNITED STATES COPYRIGHY OFFICE
Office in accordance with title 17, United States Code,
attests that registration has been made for the work

REGISTRATION NUMBER

identified below. The information on this certificate has PBEAT == ~
- been made a part of the Copyright Office records. [ TX 6-266—473 |
- (ERRARAMANOIEL
A 32 - ! ; !
'1870° ! BTHRO062654 7T
Mo S Uil R /
United States Register of Copyrights and Director Effective Date of Registration

Examined By /// /7 ‘ﬁg
THe— MOV 872005 :
Correspondena Deposit Receved TWDNOV 1 8 2005

One
Foe Received

DO NOT WRITE ABOVE THIS LINE.
1 TITLE OF THIS SERIAL AS IT APPEARS ON THE COPY
Applications of Digital Image Processing XXVIII

VolumeV¥ NumberV¥ Dale on copies¥ ISSNY
5909 2-4 August 2005
s SRS S S S RS S S = = == s e S

NAME AND ADDRESS OF THE AUTHOR AND COPYRIGHT CLABMANT IN THIS COLLECTIVE WORK MADE FOR HIRE

N

Society of Photo Optical Instrumentation Engineers
PO Box 10 e &
Bellingham WA 98227-0010

l

= s e asi s S ue s |
DATE OF PUBLICATION OF THIS PARTICULAR ISSUE YEARINWHICHCREATIONCF
3 Month ¥ Day ¥ Year ¥ THRISUEWASCOMPLETED ~ (F
EARLIERTHANTHE YEAROF
August 2 2005 FURLICATIONE
Year p

CERTIFICATION®: [, theundersigned, hereby certify that lam the copyrightclaimantor the authorized agent of the copyrightclaimantof the work identified

n thus application, that all the conditions specified in Lhe instructions on the back df this form age mel, that the statements made by me
m this application are correct to the best of my knowled D W
Handwritten signature (X) %ﬂ@kb

Jacki e
Typed or printed name of signer Saud
PERSON TO CONTACT FOR CORRESPONDENCE ABOUT THIS CLAIM DEPOSIT ACCOUNT
Name p-__Jacki Sande Account number p
Address (if ather than given below) p- Name of account
Daytime phone p (_360) 676-3290 x210
Foxpp( 360) 647-1445 Emut p»_jackis@spie.org
Certificate | NamaV
willube SPIE c/o Jacki Sand SE.HD'&;.L:.;-EL-E!'.‘!EHTS
mailed 0 Jac € IN THE SAHIE PACKAGE:
In window 1 Appleation torm
envalope Numbor/Street/Apt ¥ 2 ﬁmﬂbh $30 lling fea In
to this PO Box 10 d‘iecknl’mnmynrﬁmmnbbln
Ciy/Saia/ZIPY e i
Bellingham WA 98227-0010 ﬁ%‘ ngess

10 noonce Ave SE

Was| D.C 205!
17uUsc B who makes & falsa 3 stk nddod
arus &pgg alebmnm nmmfﬁ. roprasentation of a material fact in tho application for copyright reg! p forby soction 409, or tn amy wiitien statemant flled n conneclion
Rev Juna 2002—20,000 Web Raov: Juna 2002 @ Printed on recyclod paper U.S Governmaent Pnmiing Office 2000-461-113/20,021

Pa__g_f_:_ 67 of 112




APPENDIX 9



https://www.spiedigitallibrary.org/ May 6, 2025 at 5:26 PM EDT

Thi This website uses cookies to provide you with a variety of services and to improve the usability of our website. By using the website, m

yoL you agree to the use of cookies in accordance with our Privacy Policy.

SPIE. SPIE.2S%  SPIE.&¥  /ophes.org signin | Viewcant | Help
ADVANCED SEARCH >
CONFERENCE PROCEEDINGS T
SPIE. DS Search Digital Library Q
o LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS s — |
SEE NEW

CONFERENCE

Search the world's largest collection of
optics and photonics applied research.

Enter Search Term Q SEARCH >

ADVANCED SEARCH >

SPIE. 60>

@

0=

SPIE.ARVR MR

SPIE. V=" Go>

SPIE. s - Featured Presentation Featured Article
o WEST
NONLINEAR QUANTUM BIOIMAGING WITH ALIGNMENT PERFORMANCE VERIFICATION
BRIGHT SQUEEZED LIGHT OF TWO-MIRROR FOCAL CORRECTOR
- OPTICS USING COMPUTER-GENERATED
New Proceedings HOLOGRAMS FOR ULTRAVIOLET TELESCOPE
Read Recent Conference Proceedings Watch the Presentation Read the Aricle
N
TECHNOLOGIES

The most viewed articles by technology, from SPIE Journals and Proceedings

ASTRONOMY

J. Astronomical Telescopes, Instruments, and Systems [2021}8 OpenAccess




<Enhance youl

Reviewer Training Program

Become a great peer reviewer! This essential peer
review training course offers a blend of online learning
and hands-on peer review experience.

Get Started with the Reviewer Training Program

Ie]
LENS.ORG

SPIE has partnered with Lens.org, a patent and
scholarly research knowledge base, to improve user
experience by providing more completa citation
information and streamlined citation discovery.
Look for the Lens logo on article pages to begin

using this new service

SPIE. editage

Professional English
Language Editing Services

it 3 wel-writton and porfectly =
manuscript that meets
ublication standards.

Use code SPIEIS

te get a 15% discount.

LEARN MORE

ENGLISH LANGUAGE EDITING SERVICES
SPIE partners with Editage to offer English language
editing services to researchers worldwide.

15% discount applied at checkout

Page 70 of 112

The Copernicus CO2M mission for monitoring anthropogenic carbon dioxide
emissions from space

Proceedings of SFIE (2021) a Open Access

BIOMEDICAL OPTICS & MEDICAL IMAGING

Identification of different types of tumors based on photoacoustic spectral
analysis: preclinical feasibility studies on skin tumors

J. of Biomedical Optics (2023) a OpenAccess

Kernel Flux: a whole-head 432-magnetometer optically-pumped
magnetoencephalography (OP-MEG) system for brain activity imaging during
natural human experiences

Proceedings of SPIE (2021) a Open Access

COMMUNICATIONS & INFORMATION TECHNOLOGY

High capacity and access rate, data storage using_laser communications

Optical Engineering (2021) a OpenAccess

Modular FSO Optical System Design for Classical and Quantum Optical
Communication Systems

Proceedings of SPIE (2021) a Open Access

DEFENSE & SECURITY

Survey on deep learning applications in digital image security
Optical Engineering (2021) & Open Access

Tactical agility for Al-enabled multi-domain operations
Proceedings of SPIE (2023) a Open Access

ELECTRONIC IMAGING & SIGNAL PROCESSING

cameras
Optical Engineering c2022}a OpenAccess

Research on bridge defect detection technology based on image processing
technology

Proceedings of SPIE (2023) a Open Access

ENERGY

of regular solar panels

J. Photonics for Energy (202!}8 OpenAccess

GALACTIC: high performance alexandrite crystals and coatings for high power
space applications

Proceedings of SPIE (2021} a Open Access

LASERS

Structured light for ultrafast laser micro- and nanoprocessing
Optical Engineering (2021) & Open Access

Development of LISA laser system at NASA
Proceedings of SPIE (2023) a Open Access

LIGHT SOURCES & ILLUMINATION



Page 71 of 112

Speckle control for electro-holographic display using high-brightness yellow

Communication Systems
Proceedings of SPIE (2021) g Open Access

LITHOGRAPHY & MICROELECTRONICS

Potential of E-beam lithography for micro- and nano-optics fabrication on large
areas

J. Micro/Manalithography, MEMS, and MOEMS (2023) a OpenAccess

High-NA EUV Lithography exposure tool: advantages and program progress

Proceedings of SPIE (2021)

METROLOGY

Enabling_precision coordinate metrology for universal optical testing_ and
alignment applications

Optical Engineering (2021}

Novel diffraction-based overlay metrology utilizing phase-based overlay for
improved robustness

Proceedings of SPIE (2021)

NANOTECHNOLOGY

Graphene/molybdenum disulfide nanocomposites: characterization and
optoelectronic application

J. Nanophotonics (2023) a Open Access

Carbon nanotube EUV pellicle tunability and lifetime
Proceedings of SPIE (2021) a OpenAccess

OPTICS

communications: survey and challenges

Optical Engineering (2023) 8 OpenAccess

Gateway
Proceedings of SPIE (2023) a Open Access

REMOTE SENSING

Satellite remote sensing_of river discharge: a framework for assessing the accuracy
of discharge estimates made from satellite remote sensing observations

J. Applled Remote Sensing (2023) @ OpenAccess

A synchronized remote sensing monitoring approach in the Livingstone island
region of Antarctica

Proceedings of SPIE (2023) a Open Access

SENSORS

Technical concepts of automotive LIDAR sensors: a review
Optical Engineering c2023}a OpenAccess

New developments of multilinear and multispectral infrared sensors for space
applications at LYNRED

[ S L T L Tia [




Site Map

Home

Conference Papers
Conference Presentations
Joumnals

eBooks

About

Subscriptions

Information for
Authors
Proceedings Authors
Joumnal Authors

eBook Authors

Page 72 of 112

Information for
Reviewers
Reviewer Guidelines

Reviewer Training Program

Information for
Librarians
Resources

Subscriptions

FILLETUIIYE U3 1L LU | ) WP ALLESS

Contact &
Support

TECHNICAL SUPPORT
spiedisuppori@spie.org

CUSTOMER SERVICE
+1 360 676 3290

Hours:
8:00 am to 5:00 pm PST

Help Center | Contact Us

Policy | Terms of Use

Connect

Lf] ¢ [in]

© 2025 SPIE




APPENDIX 10



https://www.spiedigitallibrary.org/conference-proceedings-of-spie May 6, 2025 at 5:27 PM EDT

g l.'_
SPIE. Zroves P o

17-22 January 2026 Share your research

SPIE SPIE.S%  SPIE. &5 ""-%phcs.org

CONFERENCE PROCEEDINGS -
spl E DIGITAL Search Digital Library Q
o LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS 2 g

Proceedings

SPIE conferences bring together engineers and scientists to present
their latest research and to network with peers. Each year SPIE
conferences result in approximately 350 proceedings volumes
comprising 16,000+ papers and presentation recordings reporting on
photonics-driven advancements in areas such as biomedicine,
astronomy, defense and security, renewable energy, and more.

Recent SPIE Conferences | Browse by Year | Browse by Volume Number

NEW PROCEEDINGS PRESENTATIONS

Al for Medical Imaging

SPIE. ! co>  SPIE, Ve GO >
SPIE.
SPIE. AR VR MR co- s igarONICS Atk

SPIE. Ve co>  SPIE.bAMAce .

Featured Presentation

New Proceedings
CXR-DINO: PAVING THE WAY FOR A

RECENTLY PUBLISHED SPIE CONFERENCE PROCEEDINGS MEDICAL VISION FOUNDATION MODEL

THROUGH SELF-SUPERVISED LEARNING IN
CHEST X-RAY ANALYSIS

View the Proceedings Watch the Presentation

Page 74 of 112



Most Viewed Articles

From the Proceedings of SPIE

Research on cracking WIFI wireless network using Kali-Linux penetration testing
software

Lin Wang, Chin Ta Chen, Chih Ming Tsai (2023)

EUYV optics: status, outlook and future

Paul Graeupner, Peter Kuerz, Thomas Stammler, Jan van School, Judon Stoeldraijer (2022)

Enhancing SVT-AV1 with LCEVC to improve quality-cycles trade-offs and enhance
sustainability of VOD transcoding

Guendalina Cobianchi et al. (2022) a Open Access

Metal oxide resist (MOR) EUV lithography processes for DRAM application
Shinichiro Kawakami et al. (2022)

Memory technology: process and cell architecture

Jeongdong Choe (2023)

Overview of stitching for high NA: Imaging and overlay experimental and simulation
results

Matalia Davydova et al. (2023)

Inhwan Lee, Joern-Holger Franke, Vicky Philipsen, Kurt Ronse, Stefan De Gendt, Eric Hendrickx (2023)

Quantum imaging overview
Miles Padgetl (2023) a OpenAccess

Soft x-ray: novel metrology for 3D profilometry and device pitch overlay
Christina Porter et al. (2023)

EUV mask technologies: Evolution and ecosystem for devices
Jin Chi (2024) a OpenAccess

Call for Papers

SPIE.T=7" SPIE. 5:¥ e

SPIE.OPTIFAB

SPIE. =iisiosies”

PH( S PHOTOMASK
SPIE.| PHOTONICS SPIE.TECHNOLOGN
cls |ASIA EUV LITHOGRAPHY
B

Page 75 of 112

INFORMATION

Proceedings ISSN Identification
Proceedings of SPIE: 0277-786X
Proceedings of SPIE, Progress in Biomedical
Optics and Imaging: 1605-7422

Proceedings Policies, Aim, and Scope
See all proceedings policies

TECHNOLOGIES

Astronomy

Biomedical Optics & Medical Imaging
Communication & Information Technologies
Defense & Security

Electronic Imaging & Signal Processing
Energy

Lasers

Light Sources & lllumination
Lithography & Microelectronics
Metrology

Nanotechnology

Optics

Remote Sensing

Sensors



Calls for Papers Access & Subscriptions Write a Paper

PRESENT AND PUBLISH YOUR
LATEST RESEARCH

SUBSCRIPTION AND
MEMBERSHIP INFORMATION

PRESENT YOUR RESEARCH Al
AM SPIE CONFERENCE

Open Calls for Papers Subscribe Today Information for Proceedings Authors

Site Map

Home

Conference Papers
Conference Presentations
Journals

eBooks

About

Subscriptions

| Information for

Authors
Proceedings Authors
Journal Authors
eBook Authors

Page 76 of 112

Information for
Reviewers
Reviewer Gu nes

Reviewer Training Program

Information for
Librarians
Resources

Subscriptions

| Contact &

Support

TECHNICAL SUPFPORT
spiedisupport@spie.org

CUSTOMER SERVICE
+1 360 676 3290

Hours:
8:00 am to 5:00 pm PST

Help Center | Contact Us

SPIE Privacy Policy | Terms of Use

| Connect

L£] € [in]

© 2025 SPIE




APPENDIX 11



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/browse/volume-number

SPIE. g

17-22 January 2026

SPIE. SPIE

DIGITAL
» LiBRARY

SPIE. =%

o~
fophes.org

CONFERENCE PROCEEDINGS

May 6, 2025 at 5:28 PM EDT

el
Share your research

Sign In | View Cart | Help

ADVANCED SEARCH >

spl DIGITAL gital Library Q
o LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS |
Home = BrowseVolume
Browse Proceedings
Browse our growing collection of more than 590,000 conference proceedings papers.
RECENT SPIE CONFERENCES BY YEAR BY VOLUME NUMBER
13000-NOW 12000-12999 11000-11999 10000-10999 9000-9999
8000-8999 7000-7999 6000-6999 5000-5999 4000-4999
3000-3999 2000-2999 1000-1999 1-999
+ 13600-13699
+ 13500-13599
+  13400-13499
+ 13300-13399

Site Map

Home

Conference Papers
Conference Presentations
Journals

eBooks

About

Subscriptions

+ 4+ 4+

13200-13299
13100-13199

13000-13099

Information for
Authors
Proceedings Authors
Joumnal Authors

eBook Authors

Page 78 of 112

Information for
Reviewers
Reviewer Guidelines
Reviewer Training Program

Information for
Librarians
Resources

Subscriptions

SPIE Privacy Policy | Terms of Use

| Connect

£/ ¢ [in]

Contact &
Support

TECHNICAL SUPPORT
spiedisupport@spie.org

CUSTOMER SERVICE
+1 360 676 3290

Hours:
8:00 am to 5:00 pm PST

Help Center | Contact Us

© 2025 SPIE



APPENDIX 12



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/browse/volume-number/5000-5999/5900-5999 May 6, 2025 at 5:31 PM EDT

spl E OPTICS+ Join your colleagues at the leading
@ PHOTONICS multidisciplinary optical sciences and £ 3-7 August 2025
= i technology meeting F ./ Register now
SPIE SPIE.I%S  SPIE "'-%phcs‘org Signin | View Cart | Help
ADYANCED SEARCH >
spl DIGITAL CONFERENCE PROCEEDINGS R E e
@ LIBRARY PAPERS PRESENTATIONS JOURNALS - EBOOKS
Home > BrowseVolume
Browse Proceedings
Browse our growing collection of more than 590,000 conference proceedings papers.
RECENT SPIE CONFERENCES BY YEAR BY VOLUME NUMBER
13000-NOW 12000-12999 11000-11999 10000-10999 9000-9999
8000-8999 7000-7999 6000-6999 5000-5999 4000-4999
3000-3999 2000-2999 1000-1999 1-999
= 5900-5999
Volume Volume Title
5900 Optics for EUV, X-Ray, and Gamma-Ray Astronomy Il
5901 Solar Physics and Space Weather Instrumentation
5902 Focal Plane Arrays for Space Telescopes Il
5903 Astronomical Adaptive Optics Systems and Applications 1|
5904 Cryogenic Optical Systems and Instruments XI
5905 Techniques and Instrumentation for Detection of Exoplanets I
5906 Astrobiology and Planetary Missions
5907 Photonic Devices and Algorithms for Computing VIl
5908 Optical Information Systems 1l
5908 Applications of Digital Image Processing XXVIlI
5910 Advanced Signal Processing Algorithms, Architectures, and Implementations XV
59m Photorefractive Fiber and Crystal Devices: Materials, Optical Properties, and Applications XI
5912 Operational Characteristics and Crystal Growth of Nonlinear Optical Materials Il
5913 Signal and Data Processing of Small Targets 2005
5914 Wavelets XI
5915 Mathematics of Data/Image Coding, Compression, and Encryption VIlI, with Applications
5916 Mathematical Methods in Pattern and Image Analysis
5917 Fourth Generation X-Ray Sources and Optics Ill
5918 Laser-Generated, Synchrotron, and Other Laboratory X-Ray and EUV Sources, Optics, and Applications 11
5919 Soft X-Ray Lasers and Applications VI
5920 Ultrafast X-Ray Detectors, High-Speed Imaging, and Applications
5921 Advances in Metrology for X-Ray and EUV Optics
5922 Hard X-Ray and Gamma-Ray Detector Physics Vil

Page &Of liﬁetrating Radiation Systems and Applications VII



5935
5936

5937

5943
5944
5945
5946
5947
5048
5949
5950
5951

5952
5953

5954

Complex Mediums VI: Light and Complexity

Nanophotonic Materials and Systems |l

Tuning the Optical Response of Photonic Bandgap Structures Il
Plasmonics: Metallic Nanostructures and Their Optical Properties lil
Plasmonic Nano-imaging and Nanofabrication

Physical Chemistry of Interfaces and Nanomaterials IV

Optical Trapping and Optical Micromanipulation 1l

Strongly Correlated Electron Materials: Physics and Nanoengineering

Buildings for Nanoscale Research and Beyond
Nonlinear Optical Transmission and Multiphoton Processes in Organics 1l

Linear and Nonlinear Optics of Organic Materials V

Liquid Crystals IX

Organic Light-Emitting Materials and Devices IX
Organic Photovoltaics VI
Organic Holographic Materials and Applications Il

Organic Field-Effect Transistors IV

Fifth International Conference on Solid State Lighting

Nonimaging Optics and Efficient lllumination Systems Il
Smart Imagers and Their Application
14th Slovak-Czech-Polish Optical Conference on Wave and Quantum Aspects of Contemporary Optics

Optical Materials and Applications

Photonics Applications in Industry and Research IV

Nonlinear Optics Applications

Photonic Crystals and Fibers

Optical Fibers: Technology

Optical Fibers: Applications
Acousto-optics and Photoacoustics

Optical Security Systems

5955
5956
5957
5958
5959
5960
5961

5962
5963
5964
5965
5966
5967

5968

Metamaterials

Integrated Optics: Theory and Applications

Infrared Photoelectronics
Lasers and Applications
Medical Imaging

Visual Communications and Image Processing 2005

Building European OLED Infrastructure
Optical Design and Engineering 11

Advances in Optical Thin Films Il

Detectors and Associated Signal Processing Il
Optical Fabrication, Testing, and Metrology Il

Seventh International Symposium on Optical Storage (ISOS 2005)

2004 Shanghai International Conference on Laser Medicine and Surgery

Laser Florence 2004: A Window on the Laser Medicine World

Page %_lgof lqgtonic Applications in Biosensing_and Imaging




Site Map

Home

Photonic Applications in Devices and Communication Systems

Photonic Applications in Nonlinear Optics, Nanophotonics, and Microwave Photonics

Advanced Topics in Optoelectronics, Microelectronics, and Nanotechnologies Il

Current Research on Laser Use in Oncology: 2000-2004

International Conference on Charged and Neutral Particles Channeling Phenomena
Topical Problems of Nonlinear Wave Physics

Remote Sensing_for Agriculture, Ecosystems, and Hydrology VI

Remote Sensing of the Ocean, Sea Ice, and Large Water Regions 2005

Sensors, Systems, and Next-Generation Satellites 1X

Remote Sensing of Clouds and the Atmosphere X

SAR Image Analysis, Modeling, and Techniques ViI

Image and Signal Processing for Remote Sensing XI

Remote Sensing for Environmental Monitoring, GIS Applications, and Geoclogy V

Lidar Technologies, Techniques, and Measurements for Atmospheric Remote Sensing

International Conference on Space Information Technology

Unmanned/Unattended Sensors and Sensor Networks Il

Electro-Optical and Infrared Systems: Technology and Applications |1

Electro-Optical Remote Sensing

Laser-induced Damage in Optical Materials: 2005

25th Annual BACUS Symposium on Photomask Technology

Chemical and Biological Sensors for Industrial and Environmental Security
Chemical and Biological Standoff Detection Il
Environmentally Conscious Manufacturing V

Sensors for Harsh Environments |1

5800-5899

5700-5799

5500-5599

5300-5399

5200-5299

5100-5199

+
+
&
4
+ 5400-5499
+
+
3
+

Information for | Information for | Contact & Connect
Anithory Reviewers Support




Conference Papers Proceedings Authors
Journal Authors

eBook Authors

Conference Presentations
Journals

eBooks

About

Subscriptions

Page 83 of 112

Reviewer Guidelines

Reviewer Training Program

Information for
Librarians

Resources

Subscriptions

TECHNICAL SUPPORT
spiedisupport@spie.org

CUSTOMER SERVICE
+1 360 676 3290

Hours:
8:00 am to 5:00 pm PST

Help Center | Contact Us

SPIE Privacy Policy | Terms of Use




APPENDIX 13



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/browse/volume-number/5000-5999

SPIE. west™

17-22 January 2026

. can e
SPIE SPIE.i&kw  SPIE.GEw  ophes.org

CONFERENCE PROCEEDINGS

May 6, 2025 at 5:29 PM EDT

ala
Share your research

Sign In ' View Cart | Help

ADVANCED SEARCH >

spl DIGITAL Search Digital Library Q
¢ LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS |
Home > BrowseVolume
Browse Proceedings
Browse our growing collection of more than 590,000 conference proceedings papers.
RECENT SPIE CONFERENCES BY YEAR BY VOLUME NUMBER
13000-NOW 12000-12999 1000-11999 10000-10999 9000-9999
8000-8999 7000-7999 6000-6999 5000-5999 4000-4999
3000-3999 2000-2999 1000-1999 1-999

5900-5999
5800-5899
5700-5799
5600-5699

5500-5599

+
+

e

-

+*

+ 5400-5499
+ 5300-5399
+ 5200-5299
+  5100-5199
+

5000-5099

Site Map

Home

Conference Papers
Conference Presentations
Journals

eBooks

About

Subscriptions

Information for
Authors

Proceedings Authors
Joumal Authors
eBook Authors

Information for
Reviewers
Reviewer Guidelines

Reviewer Training Program

Information for
Librarians

Resources

Subscriptions

Contact &
Support

TECHNICAL SUPPORT
spiedisupport@spie.org
Cl MER SERVICE

+1 360 676 3290

Hours:
8:00 am to 5:00 pm PST

Help Center | Contact Us

SPIE Privacy Policy | Terms of Use

Connect

[£] ¢ [in]

© 2025 SPIE



APPENDIX 14



https://www.spiedigitallibrary.org/conference-proceedings-of-SPIE/5909.toc

SPI E OPTICS+ Join your colleagues at the leading
L 2

PHOTONICS multidisciplinary optical sciences and

.I | : : technology meeting

SPIE SPIE.IS  SPIE. &= ﬁaphcs.org

May 6, 2025 at 5:32 PM EDT

3-7 August 2025
Register now

Sign In | View Cart | Help

CONFERENCE PROCEEDINGS
spl E DIGITAL
o LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS

PROCEEDINGS VOLUME 5909

OPTICS AND PHOTONICS 2005 | 31 JULY - 4 AUGUST 2005

Applications of Digital Image
Processing XXVIII

Editor(s): Andrew G. Tescher

Editor Affiliations +

IN THIS VOLUME

& Sessions, 74 Papers, 0 Presentations, 0 Posters

Image Models and Processing (9)

Next-Generation Multimedia Compression, Transmission, and Architectures (6)

Imaging Security (4)

MPEG-7: The Power of Standard Multimedia Metadata and Content Representation (6)

H.264/AVC Applications (8)

Image Coding and Structures (9)

Content Management and Representation (10)

Posters - Wednesday (22)

+/ Subscribe to Digital Library

VIEWALLABSTRACTS +

Home > Proceedings > Volume 5909

OPTICS AND PHOTONICS 2005
31 July - 4 August 2005
San Diego, California, United States

View the SPIE Conference + Exhibitions

Calandar

IMAGE MODELS AND PROCESSING

Automatic inspection of pavement cracking distress & paper
B. Xu, Y. Huang D.D.S.
Proceedings Volume Applications of Digital Image Processing XXVIIl, 580801 (2005) hitps:/idoi.orgM0.1117/12.613770

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

ma{!r arnn‘l‘ rarnnnitinn and idantifiratinn af arnnnd vahirlac far airhnarna antraniec evctame



E Paper
Olivier Ruch, Jean-Yves Dufour
Proceedings Volume Applications of Digital Image Processing XXV, 530802 (2005) hitps:/idoi.org/10.1117/12.615053

Read Abstracl +

Hausdorff probabilistic feature analysis in SAR image recognition & raper
John A. Saghri, Chessa Guilas
Proceedings Volume Applications of Digital Image Processing XXVIII, 530803 (2005) hitps:/idoi.org/10.1117/12.623699

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Adaptive noise filtering of white-light confocal microscope images using Karhunen-Loeve expansion [ paper
M. Balasubramanian, 5. 5. lyengar, B Wolenski, J. Reynaud, B. W. Beuerman
Proceedings Volume Applications of Digltal Image Processing XXVIII, 580804 (2005) hitps:/idol.org/10.1117/12.615252

A detection method of mura on a coated layer using interference light B paper
Kazutaka Taniguchi, Kunio Ueta, Shoji Tatsumi
Proceedings Volume Applications of Digital Image Processing XXVIII, 590905 (2005) hitps:/idoi.org/10.1117/12.616504

Read Abstract +

Quadratic correlation filter-based target tracking in FLIR image sequences [ paper
A. Bal, M. S. Alam
Procesdings Volume Applications of Digital Image Processing XXVIIl, 580906 (2005) hitps://dol.org/10.1117/12.617868

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVETO MY LIBERARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Minimax distance transform correlation filter-based target detection in FLIR imagery E paper
J FE Khan M S Alam R R Adhami S. M._A. Bhuiyan
Proceedings Volume Applications of Digital Image Processing XXVIII, 580807 (2005) https:/idol.org/0.1117/12.618578

Read Abstract +

A new two-level efficient technique for 2D image patches registration via optimized cross correlation, wavelet

transform, and moments of inertia with application to ladar imaging B paper
Carlos Bejar, Dalila B. Megherbi
Procesdings Volume Applications of Digital Image Processing XXVIIl, 580908 (2005) hitps://dol.org/10.1117/12.620187

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAFER

SAVE TO MY LIBERARY

Image fusion using DFT-based digital filter banks B raper

Proceedings Volume Applications of Digital Image Processing XXV, 530909 (2005) https:/idoi.org/10.1117/12.616660
Read Abstract +

NEXT-GENERATION MULTIMEDIA COMPRESSION, TRANSMISSION, AND ARCHITECTURES

ISMuS: interactive, scalable, multimedia streaming platform [ raper
Jihun Cha, Hyun-Cheol Kim, Seyoon Jeong. Kyuheon Kim, Charalampos Patrikakis, Mihaela van der Schaar
Proceedings Volume Applications of Digital Image Processing XXV, 530804 (2005) hitps:/doi.org/10.1117112.623709

Bead Abstract +

DOWNLOAD PAPER

SAVE TO MY LIERARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Joint wavelet packets for groups of frames in MCTF B paper
Maria Trocan, Christophe Tillier Beatrice Pesquet-Popescu
Proceedings Volume Applications of Digital Image Processing XXVIII, 550908 (2005) hifps://dol.org/10.1117/12.623713

Read Abstract +

MPEG-21 DIA-based video adaptation framework and its application to rate adaptation B paper
Jung Won Kang, Jae-Gon Kim, Dong-San Jun, Jin-Woo Hong
Proceedings Volume Applications of Digital Image Processing XXV, 58090C (2005) https:/idoi.org/10.1117/12.623716

resd ansiage 88 of 112

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER



. DT LICEALT

An effective MP4 streaming method using the schedule information of image objects B paper
Seyoon Jeong, Jihun Cha, Hyun-Cheol Kim, Kyuheon Kim DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIII, 58090E (2005) https:fdol.org/10.1117/12.623815

SAVE TO MY LIBRARY

"}E
i
]
=%
i
3
A
]
0
I+

Performance of scalable video coding with respect to differentiated service requirements B raper
Doug Young Suh, Gwang Hoon Park, Seung Gyun Han, Hyun-Cheol Kim DOWNLOAD PAPER
Proceedings Volume Applications of Digltal Image Processing XXV, 59090F (2005) https://dol.org/10.1117/12.623813

Read Abstract +

SAVE TO MY LIBRARY

Network support mechanisms for scalable media streaming [ raper
Charalampos Z. Patrikakis, Pantelis Karamolegkos, Ignatios Mihailaris, Alexis Lampiris, Hyun-Cheol Kim DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXV, 53080G (2005) hitps://doi.org/M0.111712.624537

Read Abstract +

IMAGING SECURITY

SAVETO MY LIBRARY

Study and validation of tools interoperability in JPSEC B paper
V. Conan, Y. Sadourmny K. Jean-Marie, C_Chan, S._Wee, J_Apostolopoulos DOWNLOAD PAPER

Proceedings Volume Applications of Digital Image Processing XXVIII, 58090H (2005) https://dol.org/10.1117/12.623822
Read Abstract +

SAVE TO MY LIBRARY

Image replica detection based on support vector classifier B paper
Y. Maret, E Dufaux, T. Ebrahimi DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXV, 580901 (2005) hitps://doi.org/10.1117/12.623823

Read Absiract +

SAVE TO MY LIBERARY

Supporting secure transcoding in JPSEC B raper
John G. Apostolopoulos, Susie J. Wee DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIIi, 59080J (2005) https:/idol.orgi10.1117/12.623825

Read Abstract +

SAVE TO MY LIBRARY

Scrambling for anonymous visual communications B paper
Frederic Dufaux, Touradj Ebrahimi DOWNLOAD PAPER
Proceadings Volume Applications of Digltal Image Processing XXVIII, 52090K (2005) https://dol.org/10.1117/12.623826

Read Abstract +

SAVE TO MY LIBRARY

: THE POWER OF STANDARD MULTIMEDIA METADATA AND CONTENT REPRESENTATION

MPEG-7: standard metadata for multimedia content B paper

Wo Chang DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIIl, 59090L (2005) hitps://doi.org/10.1117/12.623824

Read Abstract +
SAVE TO MY LIBRARY

Easy and effective indexing and browsing schemes for digital photo album application B raper
Sang-Kyun Kim, Seungji Yang, Kyongsok Seo, Yong Man Ro, Ji-Yeun Kim DOWNLOAD PAPER

SAVE TO MY LIBRARY

@
B
=
il
o
0
+

Mobile multimedia library: an MPEG-7 application with camera-equipped mobile phones B paper

Ryoma Cami, Efji Kasutani, Akio Yamada DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIII, 59090N (2005) https://doi.org/10.1117/12.623829

&f@dﬂwiﬁj g e 89 Of 1 1 2 SAVE TO MY LIBRARY




Characterizing region of interest in image using MPEG-7 visual descriptors B paper
Min-Sung Ryu, Soo-Jun Park, Chee Sun Won
Proceedings Volume Applications of Digital Image Processing XXV, 580800 (2005) hitps://doi.org/10.1117/12 623830

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Overall framework on digital image searching B paper
Mun-Kew Leong, Joo-Hwee Lim
Proceedings Volume Applications of Digltal Image Processing XXVIII, 58090 (2005) https:/dol.org/10.1117/12.623832

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Emedding MPEG-7 metadata within a media file format B raper

Wo Chang
Proc i Volume Applications of Digital Image Processing XXVIIl, 59030Q (2005) hitps://doi.org/10.1117/12.623834

Read Abstract +

DOWNLOAD PAPER

SAVETO MY LIBRARY

H.264/AVC APPLICATIONS

Some applications of H.264/AVC fidelity range extensions E Paper
Panka| Topiwala
Proceedings Volume Appilcations of Digital Image Processing XXVIIl, 580905 (2006) https:(/dol.org/10.1117/12.623852

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Rate-adaptive H.264 video for information for global reach (IFGR) B raper
Praveen Kota, Karthik Kannan, Zixiang Xiong, Panka] Topiwala, David Hench
Proceedings Volume Applications of Digltal Image Processing XXV, 58080U (2005) https:/idol.org/10.1117/12 623855

Read Abstract +

Comparative study of JPEG2000 and H.264/AVC FRExt I-frame coding on high-definition video sequences
B paper

Pankaj Topiwala
Proceedings Volume Applications of Digital Image Processing XXVIII, 59080V (2005) hitps://dol.org/0.1117/12 623856

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVETO MY LIBRARY

Origins of the performance of H.264/AVC: an account of the development of H.263 and H.264 coding tools
E Paper

Cliff Reader

Proceadings Volume Applications of Digltal Image Processing XXVIII, 52090W (2005) hitps:/fdol.org/10.1117/12.637515

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

AVC/H.264 patent portfolio license B paper
Lawrence A. Horn
Proceedings Volume Applications of Digital Image Processing XXV, 53090Y (20056) https:idoi.org/10.1117/12 623859

Read Abstracl +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Efficient temporal search range prediction for motion estimation in H.264 B raper
Changsung Kim, C.-C. Jay Kuo
Proceedings Volume Applications of Digital Image Processing XXV, 58080Z (2005) hitps://doi.org/10.1117/12.613084

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

An operational rate control scheme for H.264 with two-stage encoding B paper
Do-Kyoung Kwon, Mei-Yin Shen, C.-C. Jay Kuo
Proceedings Volume Applications of Digital Image Processing XXV, 590910 (2005) hitps://doi.org/10.1117/12.613833

Read Abstract +

Efficie it str. SW, of H.264 coded video B paper
Xiaosong:Z L. L

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER



Proceedings Volume Applications of Digital Image Processing XXVIII, 590911 (2005) https:idoi.org/10.1117/12.615637

Read Abstract +

SAVE TO MY LIBRARY

IMAGE CODING AND STRUCTURES

Progressive geometry coding of 3D meshes using hierarchical vertex set split B paper
Jingliang Peng, C.-C. Jay Kuo
Proceedings Volume Applications of Digital Image Processing XXVIIl, 580812 (2005) hitps:/idoi.org/10.1117/12.613076

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

A stereo video coding scheme based on H.264 B paper
Johg Dae Oh, C.-C. Jay Kuo
Proceedings Volume Applications of Digital Image Processing XXVIII, 590914 (2005) https:/fidoi.org/10.1117/12.616116

Read Abslracl +

Adaptive cubic convolution interpolation and sequential filtering for color demosaicing of Bayer pattern image

sensors B paper
Wonpil Yu
Proceedings Volume Applications of Digital Image Processing XXVIII, 580915 (2005) hitps:/idoi.org/0.1117/12.615852

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Bei Wang, C.-C. Jay Ktio
Proceedings Volume Applications of Digital Image Processing XXVIII, 590816 (2005) hitps:/idoi.orgM10.1117/12.616328

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Edge directed image interpolation with Bamberger pyramids B paper
Jose Gerardo Rosiles
Proceedings Volume Applications of Digital Image Processing XXVIII, 530817 (2005) hitps:/idoi.orgM0.1117/12.617828

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Applications based on restored satellite images B paper
D. Arbel, S. Levin, M. Nir, I. Bhasteker
Proceedings Volume Applications of Digital Image Processing XXV, 590919 (2005) hitps:/fidoi.org/10.1117/12.616643

Read Abstract +

Thermogram analysis and classification in breast cancer diagnostics B paper
M. Zavisek, A. Drastich, K. Dvorak M.D,
P dings Volume Applications of Digital Image Processing XXVIII, 58081A (2005) hitps://doi.org/10.1117/12.617051

Read Absiract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Multifocus fusion with multisize windows B paper
R Redondo, £ Sroubek, S. Fischer, G. Cristébal
Proceedings Volume Applications of Digital Image Processing XXVIII, 580818 (2005) hitps://dol.org/10.1117/12.619263

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Relaxed color reproduction under different illuminant conditions B paper
Li Liu, Yongyi Yang, Henry Stark
Proceedings Volume Applications of Digital Image Processing XXV, 59091C (2005) https:fidoi.org/0.1117/12.621331

Read Abstract +

DOWNLOAD PAPER

SAVETO MY LIERARY

CONTENT

AGEMENT AND REPRESEN

1ON

Dynamic fluid animation using scalable grids B raper

Yomigﬂlj%ﬁ & g—%[\‘_ﬂ %—C_ Jay Kuo
Proceedings Vol nolications of Dioiltal Tmaoe Processing XXVIIL 580310 (2005} hitos:/fdoi.ora10.1117/12.614280

DOWNLOAD PAPER



Read Abstract +

SAVE TO MY LIBRARY

Video rate color region segmentation for mobile robotic applications & paper
Aymeric de Cabrol, Patrick J. Bonnin, Vincent Hugel, Pierre Blazevic, Marnyline Chetto
Proceedings Volume Applications of Digital Image Processing XXV, 59091E (2005) https://doi.org/10.1117/12.614543

Read Abstract +

Temporally optimized edge segmentation for mobile robotics applications B paper
Aymeric de Cabrol, Patrick J. Bonnin, Vincent Hugel, Kamel Boucheira, Pierre Blazevic
Proceedings Volume Applications of Digital Image Processing XXVIIl, 59091F (2005) hitps://doi.org/10.1117/12.614548

Read Absiract +

Separating patterns and finding the independent components of mixed signals based on non-Gaussian

distribution properties B paper
Robert S. Rand, Hao Chen, Pramod K Varshney
Proceedings Volume Applications of Digital Image Processing XXV, 59091G (2005) https://doi.org/10.1117/12.615427

Read Abstract +

Model based recognition using 3D line sets and multidimensional Hausdorff distance [ paper

M. T. Rahman, M. S. Alam
Proceedings Volume Applications of Digital Image Processing XXV, 58081H (2005) https:/idoi.org/10.1117/12.618424

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVETO MY LIBERARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Data image fusion using combinatorial maps B paper
Kamel Bouchefra, Patrick Bonnin, Aymeric De Cabrol
Proceedings Volume Applications of Digltal Image Processing XXVIIl, 580811 {(2005) hitps://dol.org10.1117/12.615712

Read Abstract +

Towards parameter-free classification of sound effects in movies B raper

Proceedings Volume Applications of Digital Image Processing XXVIII, 59091J (2005) hitps:/idoi.orgi10.1117/12.616217
Read Abstract +

Object detection and segmentation in camouflaged environments B paper
S. Makrogiannis, M. Trujillo San-Martin
Proceedings Volume Applications of Digltal Image Processing XXVIII, 58091K (2005) https://dol.orgf10.1117/12.618357

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

A feature-based image registration algorithm using the multi-resolution approach combined with moments of

inertia, with application to ladar imaging B raper
Carlos Bejar, D. B. Megherbi
Proceedings Volume Applications of Digital Image Processing XXVIII, 59091L (2005) hitps://doi.org/10.1117/12.624113

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Automatic image-driven segmentation of cardiac ventricles in cine anatomical MRI B paper
Chrs A. Cocosco, Wiro J. Niessen, Thomas Netsch, Evertjan P A Vonken, Max A Viergever
Proceedings Volume Applications of Digital Image Processing XXVIII, 58081M (2005) hitps:/idol.org/10.1117/12.625575

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

POSTERS - WEDNESDAY

Travis L. Maxwell, Yun Zhang
Proceedings Volume Applications of Digital Image Processing XXVIIl, 590910 (2005) hitps://doi.org/10.1117/12.614435

Read Abstract +

Page 92 of 112

DOWNLOAD PAPER

SAVE TO MY LIBRARY



Investigation of crop nitrogen content based on image processing technologies B paper
Yane Zhang, Minzan Li, Zenghui Xu, Xjjie Zhang, Maohua Wang DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXV, 530810 (2005) hitps://doi.org/M10. 111712 614682

Bead Abstracl +

SAVE TO MY LIBRARY

Estimating soil moisture based on image processing technologies B raper
Lihua Zheng, Minzan Li, Jianying. Sun, Xijie Zhang, Peng Zhao DOWNLOAD PAPER

Proceedings Volume Applications of Digital Image Processing XXV, 58081R (2005) https.//dol.org/M0.1117/12.614684
Read Abstract +

SAVE TO MY LIBRARY

Use of a local regularity analysis by a wavelet analysis for glitch detection B paper
C. Crdénovic, C. Surace, B. Torrésani, A. Liebaria, J. P. Baluleau DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXV, 59091U (2005) https:/idoi.org/10.1117/12.614966

Read Abslract +
SAVE TO MY LIBRARY

Estimating growth status of winter wheat based on aerial images and hyperspectral data B paper
Yunxia Han, Minzan Li, Liangliang Jia, Xijie Zhang, Fusuo Zhang DOWNLOAD PAPER

Proceedings Volume Applications of Digital Image Processing XXVIII, 58081V (2005) hitps://dol.orgM10A11TH2.615717
Read Abstract +

SAVE TO MY LIBRARY

Impulsive noise detection and removal with the use of iterative filter based on gradient adaptive

neighborhoods B paper DOWNLOAD PAPER
Mikhail Mozerov, Vitaly Kober

Proceedings Volume Applications of Digital Image Processing XXV, 59091W (2005) hitps://doi.org/10.1117/12.616727
SAVE TO MY LIBRARY

Read Absiract +

Recognition of partially occluded objects using correlation filters with training B paper

DOWNLOAD PAPER

Proceedings Volume Applications of Digital Image Processing XXVIII, 58091 (2005) hitps://dol.orgf10.111712.615796

Read Abstract +
SAVE TO MY LIBRARY

A fast predictive block matching motion estimation algorithm based on spatio temporal correlation information
E paper DOWNLOAD PAPER
Humaira Nisar, Tae-Sun Choi

Proceedings Volume Applications of Digital Image Processing XXV, 59091Y (2005) https./idoi.org/10.1117/12.615803
SAVE TO MY LIBRARY

Read Abstract +

A reduced color approach to high quality cartoon coding B paper
Yi-Chen Tsai, Ming-Sui Lee, Meiyin Shen, C.-C. Jay Kuo DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIII, 580812 (2005) hitps://doi.org/M0.1117/12.617424

Read Abstract +

SAVE TO MY LIBRARY

Tempo and tension analysis for MTV-style home video authoring B paper

Shen-Zheng Wang. Shih-Hung Lee, C.-C. Jay Kuo DOWNLOAD PAPER
Proceedings Volume Appilications of Digital Image Pracessing XXVIil, 580920 (2005) hitps:/fdol.org/M10.1117/12.617542

Read Abstract +
SAVE TO MY LIBRARY

Real-time pattern recognition with adaptative correlation filters B raper
Victor H. Diaz-Ramirez, Vitaly Kober, Josue Alvarez-Borrego DOWNLOAD PAPER
Proceedings Volume Applications of Digital Image Processing XXVIII, 530821 (2005) hitps:/idoi.org/M10.1117/12.617815

Read Abstract +

SAVE TO MY LIBRARY

Estimation of the point response function for undersampled data for the infrared camera of the Spitzer Space

Telescope B paper DOWNLOAD PAPER
David Makovaz, Patrick L owrance
Proceedings Volume Appilications of Digital Image Pracessing XXVIil, 580922 (2005) hitps:/fdol.org/10.1117/12.617853

M_Ab_stB:_age 93 of 112 SAVE TO MY LIBRARY




Detecting and measuring human bodies over wide work fields by using stereo cameras & paper

Proceedings Volume Applications of Digital Image Processing XXVIII, 530823 (2005) hitps:/idoi.orgM0.1117/12.618156

Read Abstract +

DOWNLOAD PAPER

SAVETO MY LIBRARY

Target detection and tracking in airborne video imagery using statistical snake and mean shift B paper
Shugqun Zhang, Mo Chen
Proceedings Volume Applications of Digltal Image Processing XXVIIl, 580924 (2005) https:/idol.org/10.1117/12.618171

Read Absiract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

Preprocessing and compression of digital holographic images B raper

Shugun Zhang, Mo Chen
P dings Volume Applications of Digital Image Processing XXVIII, 580825 (2005) hitps://dol.org/10.1117/12.618599

Read Absiract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

3D watermarking scheme in stereo vision system & raper

Proceedings Volume Applications of Digital Image Processing XXVIII, 530828 (2005) hitps:/idoi.org/10.1117/12.619602

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

A bi-directional stereo matching algorithm based on adaptive matching window B paper
Kyung-Hoon Bae, Dong-Sik Yi, Seung Cheol Kim, Eun-Soo Kim
Proceedings Volume Applications of Digital Image Processing XxXVIII, 590929 (2005) hitps://doi.org/10.1117/12.611560

Read Abstract +

An adaptive image enhancement algorithm and real time implementation for an infrared imaging system

g Paper

Proceedings Volume Applications of Digital Image Processing XXV, 58082A (2005) hitps://dol.org/10.1117/112.613571

Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY

An adaptive wavelet-based deblocking algorithm for MPEG-4 codec B paper
Trieu-Kien Truong, Shi-Huang Chen, Rong-Yi Jhang

Proceadings Volume Applications of Digltal Image Processing XXVIII, 580828 (2005) https://dol.org/10.1117/12.624367
Read Abstract +

DOWNLOAD PAPER

SAVE TO MY LIBRARY

A novel face recognition system using the binary phase-only filter via optimal correlation thresholding B paper
D. B. Megherbi. S. Rastogi
Proceedings Volume Applications of Digital Image Processing XXV, 58092C (2005) https:/fdoi.org/10.1117/12.624467

Read Abstract +

Effect of illumination correction on face recognition rates for the binary phase-only filter (BPOF) and the

extended normalized correlation methods B paper
Dalila Megherbi, Soumitra Rastogi
Proceadings Volume Applications of Digital Image Processing XXVIII, 580920 (2005) https:/fdol.org/10.1117/12.624468

Read Abstract +

A generic and high performance FPGA based signal processing architecture for staring thermal imaging system

E Paper
Ajay Kumar, S. Sarkar, R. P Agarwal
Proceedings Volume Applications of Digital Image Processing XXV, 59092E (2005) hitps:/idoi.org/10.1117/12.613572

Read Abstract +

Page 94 of 112

DOWNLOAD PAPER

SAVETO MY LIBERARY

DOWNLOAD PAPER

SAVE TO MY LIERARY

DOWNLOAD PAPER

SAVE TO MY LIBRARY



Site Map

Home

Conference Papers
Conference Presentations
Joumnals

eBooks

About

Subscriptions

Information for
Authors
Proceedings Authors
Joumnal Authors

eBook Authors

Page 95 of 112

Information for
Reviewers

Reviewer Guidelines

Reviewer Training Program

Information for
Librarians

Resoul

Subscriptions

SPIE Priva

Contact &
Support

TECHNICAL SUPPORT
spiedisupport@spie.org
CUSTOMER SERVICE
+1 360 676 3290

Hours:

8:00 am to 5:00 pm PST

Help Center | Contact Us

Connect

L£] ¥€ [in]




APPENDIX 15



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5909/59090N/Mobile-multimedia-library—an-MPEG-7-application-wi  May 6, 2025 at 5:33 PM EDT
th-camera/10.1117/12.623829.short

SPIE. [ N~

17-22 January 2026 Share your research

SPIE. SPIE.Z&% SPIE.2SE  /ophes.org Sonin | Viewcart | welp

ADVANCED SEARCH >
CONFERENCE PROCEEDINGS

SPIE DIGITAL Search Digital Library Q
# LIBRARY PAPERS PRESENTATIONS JOURNALS ~ EBOOKS |

Home > Proceedings > Volume 5909 > Aricle

E Paper
16 September 2005
Mobile multimedia library: an MPEG-7 application PROCEEDINGS

9 PAGES

with camera-equipped mobile phones
Ryoma Oami, Ejji Kasutani, Akio Yamada

Author Affiliations +
DOWNLOAD PAPER
Proceedings Volume 5909, Applications of Digital Image Processing XXVIII; S9090N (2005)
https:/dol.org/10.1117/12.623829
Event: Optics and Photonics 2005, 2005, S5an Diego, California, United States

SAVE TO MY LIBRARY

ARTICLE CITED BY ~

GET CITATION

Abstract

This paper proposes a Mobile Multimedia Library (MML), a new application of information retrieval using

camera-equipped mobile phones. MML allows users to get information of an unknown object anywhere and
anytime. A user simply takes a picture of the object by a mobile phone and sends it directly to an MML server p—
hich tf ture is analyzed to identify the object. The MML s turns the identification result to tf IDLEITATIONS

on which the piclure is analyzed to identify the object. The server returns the identification result to the Cited by 10 patents.

mobile phone and the user can browse information of the object on the display of the mobile phone. This Explore citations on Lens.org_ [
application employs the k-Nearest Neighbor approach using eight MPEG-7 visual features to identify objects.

A prototype system for animal identification has been developed to demonstrate effectiveness of the MML

framework. It takes about ten seconds on average for the identification in which 63% and 79% queries were

correctly identified within first four and first ten candidates, respectively, out of 229 categories. A

" BE A I ;. M
© (2005) COPYRIGHT Society of Photo-Optical Instrumentation Engineers (SPIE). Downloading of the R R RO | VIR TARPE T
abstract is permitted for personal use only. A Toug he r
Citation pownad citation - C 0 m p act H e€xa p 0 d
Ryoma Oami, Eiji Kasutani, and Akio Yamada "Mobile multimedia library: an MPEG-7 application with ‘ .

- Fast delivery

- Many models
in stock

camera-equipped mobile phones”, Proc. SPIE 5909, Applications of Digital Image Processing XXVIII,
S9090N (16 September 2005); https.//doi.org/10.1117/12.623829

ACCESS THE FULL ARTICLE

ORGANIZATIONAL PURCHASE THIS CONTENT
Sign in with credentials provided by your
organization. SUBSCRIEE TO DIGITAL LIBRARY

Organizational Username 50 downloads per 1-year subscription

Members: $195

ADD TO CART
Non-members: $335
Organizational Password
25 downloads per 1-year subscription Find waork that warks for you »
o Members: $145 ADDTO CART

Page 97 Of 112 Non-members: $250



ORGANIZATIONAL SIGN IN
PURCHASE SINGLE ARTICLE RIGHTS & PERMISSIONS

Get copyright permission ¢f
Includes PDF, HTML & Video, when available

Members: $17.00

ADD TO CART
Non-members: $21.00
INSTITUTIONAL
Select your institution to access the SPIE Digital KEYWORDS
Library.
Cell phones

SELECT YOUR INSTITUTION

Visualization

]
PERSONAL Prototyping
Sign in with your SPIE account to access your [re—

personal subscriptions or to use specific
features such as save to my library, sign up for
alerts, save searches, etc.

Feature extraction

Multimedia

PERSONAL SIGN IN
System identification

No SPIE Account? Creale one

Show All Keywords

RELATED CONTENT

Mobile-based biology edutainment

application for secondary schools
Proceedings of SPIE (March 14 2013)

Multi-user smartphone-based
interaction with large high-resolution
displays

Proceadings of SPIE (February 04 2013)

Mapping low-level image features to

semantic concepts
Proceedings of SPIE (January 01 2001)

A novel methodology for querying web
images
Praceedings of SPIE (January 17 2005)

Browsing through rapid-fire imaging:
requirements and industry initiatives

Proceedings of SPIE (December 20 1999)

Agent-like support for content-based
retrieval and navigation
Proceedings of SPIE (December 23 1997)

+/ Subscribe to Digital Library

| Recsive Erratum Email Alert

Page 98 of 112



Site Map

Home

Conference Papers
Conference Presentations
Journals

eBooks

About

Subscriptions

| Information for

Authors
Proceedings Authors
Joumnal Authors
aBook Authors

Page 99 of 112

Information for
Reviewers
Reviewer Guidelines
Reviewer Training Program

Information for
Librarians
Resources

Subscriptions

| Connect

L£] %€ [in]

Contact &
Support
TECHNICAL SUPPORT
org
R SERVICE
+1 360 676 3290
Hours:

8:00 am to 5:00 pm PST
Help Center | Contact Us

SPIE Privacy Policy | Terms of Use

© 2025 SPIE




APPENDIX 16



Mobile Multimedia Library: an MPEG-7 application
with camera-equipped mobile phones

RyomaOami’, Eiji Kasutani, Akio Yamada
Media and Information Research Laboratories, NEC Corporation
1753, Shimonumabe, Nakahara-Ku, Kawasaki, Kanagawa 211-8666, Japan

ABSTRACT

This paper proposes a Mobile Multimedia Library (MML), a new application of information retrieval using camera-
equipped mobile phones. MML allows users to get information of an unknown object anywhere and anytime. A user
simply takes a picture of the object by a mobile phone and sends it directly to an MML server on which the picture is
analyzed to identify the object. The MML server returns the identification result to the mobile phone and the user can
browse information of the object on the display of the mobile phone. This application employs the k-Nearest Neighbor
approach using eight MPEG-7 visual features to identify objects. A prototype system for animal identification has been
developed to demonstrate effectiveness of the MML framework. It takes about ten seconds on average for the identifica-
tion in which 63% and 79% queries were correctly identified within first four and first ten candidates, respectively, out
of 229 categories.

Keywords: MPEG-7, CBIR, content based image retrieval, camera-equipped mobile phone, multimedia library, k-
Nearest Neighbor

1. INTRODUCTION

Mobile phones have evolved into ubiquitous communication and information retrieval tools from mere handsets just for
telephoning. E-mail exchange and Internet connection functionalities are outstanding features that have spurred this evo-
lution. Many people nowadays exchange e-mails with maobile phones instead of computers thanks to the mobility. In-
formation retrieval services through the Internet are also frequently utilized with mobile phones. On-demand train time-
table/transfer information search and restaurant guides are examples of services frequently used in Japan. These services
are available anywhere and anytime just only using mobile phones without any preparation in advance. Mobile phones
are hence considered to be very valuable terminals despite their inconvenience of inputting characters with a limited
number of small buttons.

A camera equipped on recent mobile phones is one of the solutions to improve this inconvenience. The camera is
originally incorporated just to simply enjoy taking pictures and sharing them with other people through e-mails, but the
camera has become to draw attention as an input means. An OCR (Optical Character Reader) functionality is, for exam-
ple, installed to automatically input such text strings as URLs and phone numbers to mobile phones without typing
them. Barcode reading functionality is another example developed to input text embedded in two dimensional barcodes.
Current usage of the camera is just to provide an alternative way to input text strings, but the camera has much more
promising potential as an information input means.

Object appearance is substantial information acquired by the camera. Thisinspires us with an idea that the camera can
also be exploited to take unknown objects for acquiring their information. The camera functions as an input means of
non-verbal, visual information triggering information retrieval. When a person happens to encounter an unknown flower
during trekking, for example, s’he can immediately obtain the flower information just by taking a picture of it. CBIR
(Content-Based Image Retrieval) technologies help us to achieve thisretrieval.

The research area of CBIR is now very active and many applied systems have been proposed so far. QBIC" (Query By
Image Content), Visual SEEK?, and MARS' are examples of such CBIR systems. In these systems, a query image is pro-
vided for searching similar images from an image database. Similarity is measured based on low-level image features
representing color, shape and texture. Some of them accept sketch images as a query instead of natural images"®, and

" r-oami @az.jp.nec.com; phone +81-44-431-7710; fax +81-44-431-7590

Applications of Digital Image Processing XXVIII, edited by Andrew G. Tescher,
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keywords as well. CBIR technologies are extended to web-oriented systems, such as WebSEEK® and RetrievalWare®.
CBIR applications are now being investigated in various fields, and their application areais still growing.

A new application with camera-equipped mobile phones, Mobile Multimedia Library (MML), is proposed in this pa-
per. Thisis an information retrieval application that enables us to get information from a picture of an object taken by a
camera on mobile phones. The picture is analyzed with a CBIR technology using MPEG-7 visual features™*3, including
the color layout description proposed by us’. This application inherently solves a general problem of query-by-example
for CBIR, that is, how to obtain a proper query to feed CBIR systems. Two major issues are also solved for its practical
use.

One of them is restriction on computational resources of maobile phones. Object identification is computationally in-
tensive unlike OCR or barcode reading functionality, so that it is quite difficult to perform it only using the resources on
mobile phones. The identification is, therefore, performed on a server in place of resource-restricted mobile phones. E-
mail exchange and internet connection functionalities of mobile phones are exploited to exchange information between
mobile phones and the server. The other issue is semantic gaps between capability of the current CBIR systems and
ability of human recognition’. Human interaction is hence incorporated to bypass the semantic gaps.

In Section 2, the concept of MML and the system architecture are depicted. The algorithm of image analysis and
MPEG-7 visual features used for this application is then described in Section 3. A prototype developed for identifying
animals and its evaluation results are presented in Section 4 and 5. Other possible MML applications are shown in Sec-
tion 6, which illustrates the usefulness of the MML framework.

2. CONCEPT OF MOBILE MULTIMEDIA LIBRARY AND ITS ARCHTECTURE

2.1. Concept of Mobile Multimedia Library

Mobile Multimedia Library (MML) is an information retrieval application that provides information from a picture of
an object taken by a camera on mobile phones, anywhere and anytime. The object is identified using the picture, and the
results are presented on a screen of mobile phones.
The advantages of this application are as follows:
(1) No necessity of carrying encyclopedia
Thisisan overall advantage the application has. A single camera-equipped mobile phone is enough to acquire in-
formation of target objects anywhere and anytime. No other preparation is necessary.
(2) Easy input of avisual query
This is an advantage of using camera-equipped mobile phones. Taking a picture of a target object is the only re-
quired operation, which is quite easy so that many people including children have aready managed a camera on
mobile phones. The pictureisdirectly used as avisua query.
(3) No necessity of background knowledge of objects

(1) Query picture input

=N Aquerypicture |- (2) Object
- identification P
Identification results Visual
(candidate categories) feature DB
MML
3 Thumbnail click server

Encyclopedic
information DB

=
»)
W
o

| & |(3) Candidate object

= 3-C 4-¢ category presentation
User's Encyclopedic _EnCydOpediC
mobile [t i information
phone

(4) Encyclopedic
information presentation

Figure 1: System overview of MML.
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This is an advantage CBIR has. The MML application allows us to search abjects just from their appearance. No
knowledge about taxonomy, which is often needed to consult encyclopedias, is required for getting information
of target objects.
(4) Customized search and presentation of retrieved information
This comes from the characteristics of a mobile phone as a private terminal. User preference information, which is
stored implicitly in private data such as e-mails or explicitly as a user profile in mobile phones, can be used for
this customization. For example, presented information can be customized according to the level of his/her knowl-
edge or interest.

2.2. System overview

The MML application isimplemented in aform of a client-server type application that consists of camera-equipped mo-
bile phones and a remote server, which is called MML server, to retrieve information. Object identification process is
performed on the MML server instead of resource-restricted mobile phones for its practical use, since the identification
process usually needs much computational power.
The system architecture of the MML is shown in Figure 1. Information of an object is retrieved by the MML in the
following manner.
1. query pictureinput,
2. object identification based on query analysis,
3. interactive selection of a proper candidate, and
4. information presentation for selected object category
In Step 1, the user takes a picture of the unknown object by a camera-equipped mobile phone. This pictureis uploaded
to aremote MML server as aquery. In Step 2, the query picture is analyzed on the MML server to identify the object in
the picture. MPEG-7 visual features are extracted from the query and compared to the features of training images stored
in avisual feature DB. As aresult, several object categories are derived as candidates based on the identification results.
In the following of the paper, the term “candidate object category” is used to refer object categories selected as candi-
dates that the unknown object can belong to. In Step 3, a web page containing the identification results is presented on
the screen of the mobile phone. This page contains representative images corresponding to each candidate object cate-
gory. Each representative image is linked to encyclopedic information of the corresponding object category. In Step 4,
one of the candidates is selected by clicking one of the representative images, and the encyclopedic information about
the clicked object category is displayed on the user’ s mobile phone.
The MML server has two types of databases: a visual feature DB and an encyclopedic information DB, as shown in
Figure 1. The former DB contains visual features of training images, which are samples included in each object category
and used for query analysis to identify the object. The latter DB has encyclopedic information to be provided to the user.

3. ALGORITHM FOR OBJECT IDENTIFICATION

3.1. Overview

The object identification process on the MML server in Figure 1 is depicted in Figure 2. Visual features are first ex-
tracted from a query picture. The distance values between the query features and the training image features in the fea-
ture DB are next computed for each elementary feature description standardized as MPEG-7, such as the color layout
and the edge histogram. Total distance between two images is then computed by summing the individual distance values
that are computed and normalized for each feature description. The obtained total distance values are finally fed to ob-
ject identification process to determine candidate object categories for the query. In the following subsections, database
configuration on the MML server is described. Each step is then described in more detail.

3.2. Visual feature database on the MML server

In the visual feature DB in Figure 2, visual features for plenty of training images are stored for each object category
together with its representative image. Thisis for coping with different appearance and variation. Appearance of objects
varies with their viewing angle and capturing conditions, which results in different feature values. Some object catego-
ries have several variations, that is, entities that have inherently different appearance even within the same object cate-
gory (e.g. male lions have manes, but female ones do not). Whereas increasing the number of training images for each
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Figure 2: Diagram for query analyzing process to find candidate object categories.

object category improves completeness, this makes processing time longer and this does not always result in improving
identification results. A proper number of the training images should be determined in consideration of this trade-off.

3.3. Feature extraction

The feature extraction process in Figure 2 extracts various visual features from the query picture. Severa elementary
visual feature descriptions defined in MPEG-7" are employed as listed in Table 1 because of their discriminating poten-
tia. The interoperability of the features is also their advantage in building an extensible retrieval system. This makes it
possible to exchange features and matching results among different systems.

For the object information retrieval application, we employed the following eight elementary feature descriptions: four
color features (the color layout, the color structure, the dominant color, and the scalable color), two texture features (the
edge histogram, and the homogeneous texture), and two shape features (the contour shape, and the region shape). These
features can be extracted automatically, except that object segmentation masks necessary for computing shape features
are manually generated. A future work is to incorporate one of conventional automatic segmentation methods into the
feature extraction process. The dimensionality of each elementary feature is listed in Table 1. Please see the Appendix
for more detailed specification.

3.4. Distance computation between the query image and training images

Distance values are computed between each pair of the query and the training image stored in the visual feature DB. The
computed distance values are fed to object identification process.

In the distance computation for each pair, distance values for the eight elementary feature described in Section 3.3 are
first individually computed. Distance functions as described in MPEG-7 Part 8" are employed for this computation.

The obtained eight individual distance values are then normalized to equalize the range of distance values among dif-
ferent elementary features. The normalization is performed with the mean and the standard deviation of distance distri-
bution in the visual feature DB. Distance values within [-30 , 30 ] are linearly mapped onto the interval [0, 1] and the
values outside the range are represented with the closest end point, that is, zero or one.

The normalized distance values for individual elementary features are then summed up with a set of certain weighting
coefficients to calculate the total distance. The optimal weighting .
coefficients were derived in alearning processwith aset of training 1 2Ple 1: MPEG-7 elementary visual fea-
images. The combination of eight coefficients was exhaustively ~ tures used for object identification

searched in the learning process. Visual Features Dimensionality
Color Layout 18 dims

3.5. Object identification by k-Nearest Neighbor approach Color Structure 256 bins

Object identification is performed using the total distance values Dominant Color < 8colors

obtained in the previous subsection. k-Nearest Neighbor ap- Scalable Color 256 bins

proach', which gave the best accuracy among several methods we Edge Histogram 80 bins

tried, is taken for this identification. The total distance values are Homogeneous Texture | 2 + 60 dims

first sorted in the ascendant order, and the number of samples for Contour Shape <(3+62) dims

each object category included in the first k rank is counted. The Region Shape 35dims
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object categories with high frequency are finally selected as candidates after sorted by the frequency.

4. PROTOTYPE SYSTEM

A prototype system for identifying animals was developed as an example to demonstrate the proposed MML frame-
work. This section describes this animal identification system.

4.1. Prototype system for animal identification

A third-generation mobile phone was used in this prototype system. This has a camera whose resolution is about 300
thousand pixels and its screen size is 33 mm x 45 mm. A computer with a Pentium 3GHz CPU, which has an ADSL
connection to the Internet, was utilized for the MML server.

For uploading a query picture from the mobile phone to the MML server, e-mail exchange function of the mobile
phone was exploited, that is, the picture was enclosed in an e-mail as an attachment, and sent to the server. On the server
side, a program module periodically checking a designated mail account was implemented, and e-mails were immedi-
ately downloaded and pictures were separated from the e-mails when they were found. The pictures are then provided to
the identification processin Figure 2.

A process for animal identification is launched by the e-mail checking module, and aweb page showing identification
results are generated. Details about the web page design are described in Section 4.2. Terminal adaptation related to
screen size was performed in generating the web page. The size of the representative images is adjusted to the screen
size so that all the candidates can be seen without scrolling according to the types of mobile terminals. An environment
variable that notifies a platform and a browser type was checked to distinguish different terminals.

The DB for encyclopedic information for each animal was generated from some sources available on the Internet. The
information such as in-depth descriptions of animals and their living environment was included.

4.2. Web page design for showing animal candidates

The web page showing identification results is designed to include representative images for first four candidate catego-
ries as shown in Figure 3 (a). This is because “four” is considered to be the maximum number to show the representa-
tive images simultaneously without losing details necessary for distinguishing the animals. It is certain that more than
four candidates can be displayed with smaller images, but this sometimes makes it hard to differentiate the candidate
objects at a glance on a small screen of a mobile
phone. In the case of PDAs or smart phones that MML Encyclopedic

have a larger screen, more candidates like first ten Identification Results Information

can be displayed. The query image is aso dis- B

played at the bottom just for confirmation.

The web page is designed so as to minimize user
operation. The first candidate animal category is 1-Lion | 2-Zebra
focused when the web page is presented on the ud
mobile phones. Hence if the first candidate is the % e Lg
animal category a user wants to know, just one he Browse Zebra’s Images:
click action is enough to show the information.
The focus is easily moved by pressing buttons cor-
responding to moving focus, so that the user can Your query:
selects one of the representative images.

Encyclopedic information as shown in Figure 3
(b) is displayed on the screen of the mobile phone
by clicking one of the four images. The second
image is assumed to be clicked in this example.
This web page contains the representative image of
this category, a link to a page including various  (a) Web page showing iden- (b) Encyclopedic information
images belonging to the same category, and de- tification results. for the animal selected in (a).
scription regarding this animal category. The link
isincluded for checking other images of this cate-
gory as well to confirm that this is the correct ani-
mal category. Thus users can easily get informa

3 - Cougar| 4-Cat There are three kinds of
zebras in Africas Moun-
tain zebras, Savanna
zebras, and Grevey's
zebras. These zebras
have different stripe
patterns.

Figure 3: Web pages for identification results and ency-
clopedic information that is shown after one of the candi-
date animal categories is selected.
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(8 The web Page that shows (b) Retrieved information by (c) Detailed descriptions about
identification results. clicking the picture of the first “lion”. These descriptions are
candidate “lion” in (a). shown by scrolling the screen.

Figure 4: Screen shots presented to a user by the prototype system.
tion of animals using the MML application.

5. PROTOTYPE DEMONSTRATION AND EXPERIMENTAL RESULTS

5.1. Demonstration of the prototype system

Figure 4 shows screen shots presented to a user by the prototype system. The left most image shows the web page dis-
playing the first four candidates. If the user clicks the top-left lion image, the information about lion is obtained as
shown in the middle picture. When scrolling the screen, detailed descriptions about lions appear as shown in the right-
most image. The highlighted description of “Browse Lions Images’ isfor browsing other lion images.

It was confirmed using this prototype that all the operations required to users, from taking a picture of an animal to
browse information displayed, can smoothly be done with only a single hand as designed. The processing time for ani-
mal identification is about ten seconds on average, which would be acceptable in ordinary use cases.

5.2. Evaluation of identification algorithm
Experiments for evaluating the accuracy of the animal identification algorithm were carried out. A feature database stor-
ing features for 2681 training images

from 229 animal species was built. The 80

query images for evaluation were 600,

including 335 pictures actually taken by S

a camera at a zoo in Japan. Weighting ) —e— k=20

coefficients used for weighting individ- 5 60 | k=40

ua distance values of each MPEG-7 S k=60

description tools were optimized using s 0| _

training images included in the feature B k=80

DB. = 40 —¥— k=100
Figure 5 shows the identification re- S

sults of the identification algorithm for T 0w

several different number k of nearest 20 ‘

neighbors. Each curve corresponds to a

different k, ranging from 20 to 100. The 12 3 456 7 8 910

horizontal axis indicates the rank to Rank

which the correct result is included.

Hence the accuracy increases monotoni- Figure 5: Identification accuracy for several k values.
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cally with the rank value.

The accuracy is 63% when first four candidate animal categories are provided, which occurs at k = 100. If ten candi-
dates can be displayed, which is the case for smart phones with alarger screen, the accuracy increases up to 79%. Cur-
rently, more than 80% of the total species included in the feature DB belong to the dog category, which means many
animals with similar appearance are included. If only one candidate is shown to a user, the accuracy is about 33% at
most and the best performance is achieved when k = 20. Thisimplies the importance of human interaction.

The accuracy is expected to increase if more different types of animals are included with the DB. According to thisre-
sult, the parameter k was set to 100 in the prototype system mentioned in Section 4.1.

6. OTHER POSSIBLE APPLICATION SCENARIOS FOR MML

The framework of the MML is widely applicable, not limited to animal identification system described above. This
framework is quite general, so that many application examples are considered in the same framework. The followings
are possible examples for which the MML framework can effectively be applied.

® Flower identifying systems

® Building/monument guide systems

® Museum guide systems

® Product information retrieval systems with logo identifier

® Navigation systemsto a nearest store with logo identifier

The flower identifying systems are very similar to the animal identification mentioned in this paper. In this case, loca-
tion and time information, which can be obtained by GPS (Global Positioning System) or the clock of mobile phones, is
also effectively utilized as well as visual features to identify flowers. The building/monument guide systems are also
similar to the animal identification, but location information becomes much more relevant. The museum guide systems
are used in museums or art galleries to retrieve information of paintings and statues.

The product information retrieval systems are alittle different from the previous three examples, which are just for re-
trieving information of the objects in themselves. In this application, taking alogo of a store makes it possible to access
its product information such as price for each product sold there or electric coupons can be retrieved. On the other hand,
the nearest store corresponding to the identified logo is searched in the navigation systems, and navigation service to the
storeis provided with a map and location information obtained by GPS.

The MML framework can, furthermore, be applied to conventional CBIR systems in themselves. One of the problems
of the conventional CBIR systems is how to acquire an appropriate query. Camera-equipped mobile phones can be em-
ployed to solve this problem.

7. CONCLUSION

A Mobile Multimedia Library, an MPEG-7 application with camera-equipped mobile phones has been proposed in this
paper. Mobile phones are exploited as means for inputting a query image, uploading the image to an MML server, and
browsing information returned from the MML server. The MML server analyzes the query image to identify the object a
user wants to know, and then the identification result with their related information is sent to the user and presented.
MPEG-7 visua features are used for identifying the objects. The developed animal identification prototype system
demonstrated the usefulness of the MML.
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APPENDIX: MPEG-7 VISUAL FEATURES FOR MML
The following eight MPEG-7 features are utilized in the prototype system of MML for animal identification.
Color Layout
This feature expresses brief color layout information for rectangular regions. This is extracted by computing DCT for
8x8 small image generated by shrinking an entire rectangular region to this size. Low frequency components are se-
lected and quantized to yield the elements of the color layout. The feature data size is usually very small, typicaly 8
bytes for an rectangular region, but it has a very high discriminative capability. 18 coefficients (six coefficients for all
Y, Cb and Cr components) are used in our system.
Color Structure
This feature expresses both color distribution and alocal color structure together. An N x N (typically 4 x 4) structuring
element is sled over atarget rectangular region for capturing the color structure. The frequency of each color appearing
within the element is counted in the HMMD color space. The total number of binsis 256 in the current system.
Dominant Color
This feature describes dominant colors (up to eight colors) for arectangular region. Region segmentation is first applied
in order to find dominant colors by grouping pixels with similar colors. The portion of each segmented region is aso
considered when computing distances between two features.
Scalable Color
This is basicaly color histogram in the HSV color space, which is encoded by a Haar Transform. The main feature of
thisisits scalable characteristics in terms of the number of bins. This scalability is achieved by Haar Transform for the
histogram. The number of bins is 256, which means hue, saturation and value are quantized into 16, 4, and 4 levels, re-
spectively.
Edge Histogram
This feature describes edge histograms for 16 blocks after a rectangular region is divided into the 16 blocks. The histo-
gram is calculated for four directions (horizontal, vertical and two diagonal directions) and for non-directional edges.
The number of binsis, therefore, 80 in total.
Homogeneous Texture
This feature expresses characteristics of texture information using mean energy and energy deviation, which are com-
puted for each frequency channel obtained by Gabor functions. The number of channelsis 30 designated by six levelsin
angular direction and 5 levelsin radia direction. The number of dimensionsis 62, including the mean and the standard
deviation for an entire rectangular region.
Contour Shape
This expresses shape information by describing contour of a region based on CSS (Curvature Scale-Shape) representa-
tion. The CSS representation decomposes the contour into convex and concave sections by the points with zero curva-
ture. The circularity and eccentricity are derived from the CSS representation, and the magnitude of the largest peak,
and the position of the remaining peaks are included in the feature.
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Region Shape

This represents a binary shape mask by decomposing it using orthogonal 2-D basis functions defined by the Angular
Radial Transform. This can express shapes consisting of multiple disconnect regions and shapes with some holes. Total
number of dimensionsis 35, which is determined by 12 levelsin angular direction and 3 levelsin radial direction.
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