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The invention relates (o a device (1) for displaying threse-dimensional meadical image
information (B3). The device includes a processing unit {2), a display (3), a remols
contrad {10}, 8 communication interface, and a softwars module (7). The processing
unit {2} is operable 10 procass the medical image information. The display (3)is
oparable to display the medical image information (B3) The remole control (10) is
operable {o registar 8 user movamant (B) by at lzast one maotion-sensitive sensor {11,
12). The communication interface is operable o transfer the user movement {B) io the
processing unit (2). The software module (7} is associated with the processing umt {2}
The software module {7) is operable to reconcile the user movement (B) with the
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medical image information {(83) so that the user movement {B) is reproduced as a
virtual movement of the displayed medical image information (B83).
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
P2635PC00 ACTION as well as, where applicable. item 5 below.
International application No. International filing date (day/month/vear) (Earliest) Priority Date (day/month/vear)
05/12/2011
PCT/DK2011/050461 06/12/2010

Applicant 3gAPE A/S

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 6 sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

E the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b})).

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.
2. D Certain claims were found unsearchable (see Box No. II).

3. & Unity of invention is lacking (see Box No. III).

4. With regard to the title,
Xf the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

W

With regard to the abstract,
D the text is approved as submitted by the applicant.

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 2a
E as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.

b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/DK2011/050461

Box No. I¥ Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet

I. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos..

4, & No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-34, 38-52

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specitied in the invitation.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/DK2011/050461

Box No. IV Text of the abstract (Continuation of item 5 of the first sheet)

Disclosed is a system comprising a handheld device (100) and at least one display (101), where
the handheld device (100) is adapted for performing at least one action in a physical 3D
environment. The actions include measuring, modifying, manipulating, recording, touching,
sensing, scanning, moving, transforming, cutting, welding, chemically treating, cleaning. The
display (101) is adapted for visually representing the physical 3D environment, and where the
handheld device (100) is adapted for remotely controlling the view with which the 3D environment
is represented on the display (101).

Form PCT/ISA/210 (continuation of first sheet (3)) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/DK2011/050461

A.  CLASSIFICATION OF SUBJECT MATTER
G01B 11/24 (2006.01), A61C 13/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC/EC: GO6F, GO1B, A61C; ICO: K83F; FT:4C061/CC

DK, SE, Fl, NO (IPC classes as above)

Documentation scarched other than minimum documentation to the extent that such documents are included in the fields searched

EPODOC, WPI, TXTE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X; US 2009/0217207 A1 (KAGERMEIER et al) 2009.08.27, entire 1-33, 38-48,
application, in particular sections [0007], [0009], [0012]-[0013], [0019] | 50-562;
A -[0020], [0023], [0035]-[0039], fig. 1-4 34,49
X; WO 2004/066615 A1 (NOKIA CORPORATION) 2004.08.05, page 3, | 1, 3-14, 16-33,
line 16 to page 4, line 2, page 25, line 12, to page 26, line 5. 38-48, 50-52;
2,15, 34,49
X; US 2003/0158482 A1 (POLAND et al) 2003.08.21, sections [0032], 1-11, 15-17, 26-3
[0034}, figs 6, 8. 3, 38-39, 46, 48,
50-52;
A 12-14, 18-25, 34,
40, 41-45, 47
A US 2009/0061381 A1 (DURBIN et al) 2009.03.05, 1-33, 38-52
sections [0018}-[0019], [0024]

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
speciul reason (us specified)

document referring to an oral disclosure. use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

wpn

wpr

«or

wpr

“T” later document published after the international filing date or priority
date and not in contlict with the application but cited to undgrstand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents. such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

¢ actual completion of the international search

012

Einy),

Date of mailing of the international scarch report

22/02/2012

R B g g ffgress of the IS
Helgeshgj Allé 81, DK-2630 Taastrup, Denmark.

Facsimile No. +45 43 50 80 08

Authorized officer

Lennart Bitsch
Telephone No. 45 43 50 8244

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members app

PCT/DK2011/050461
Patent document Publication Patent family Publication
cited in search report date member(s) date
US2009217207 A1 20090827 CN101513350 A 20090826

DE102008010717 A1 20090827

W02004066615 A1 20040805 US2006146009 A1 20060706
EP1588552 A1 20051026
AU2003303787 A1 20040813

US2003158482 A1 20030821 JP2005517515 A 20050616
WO03071306 A1 20030828
EP1488253 A1 20041222
EP1488253 B1 20060920
DE60308495T T2 20070606
CN1636151 A 20050706
CN100340867C C 20071003
AU2003247479 A1 20030909
AT340365T T 20061015
US7141020 B2 20061128

US2009061381 A1 20090305 w02009033108 A1 20090312
KR20100066538 A 20100617
JP2010538302 A 20101209
EP2185891 A1 20100519
CA2698525 A1 20090312

Form PCT/ISA/210 (patent family annex) (July 2009)

Exhibit 1002 page 709 of 1005

0709 DENTAL IMAGING



INTERNATIONAL SEARCH REPORT International application No.

PCT/DK2011/050461

Continuation of Box no. Il|
This International Searching Authority found multible inventions.

US 2009/0217207 A1 (KAGERMEIER et al) 2009.08.27 describes a system comprising a handheld
device (10) and at least one display (3, 22), where the handheld device is adapted for switching
between

-performing at least one action in a physical 3D environment, where the at least one display is
adapted for visually representing the physical 3D environment ([0013], [0037]), and

-remotely controlling the view with which the 3D environment is represented on the display

([0007], [0036], [0039])

The general concept described in the independent claim 1 is known from US 2009/0217207, and
the application does therefore describe 4 inventions

A: Claims 2-34, 38-52 describe madifications of a system, a method, and a computer program
product comprising a handheld device for performing at least one action, and for remotely
controlling the view, and wherein the handheld device is an intra-oral 3D scanner

B: Claim 35 describes a system wherein the handheld device of claim 1 is a surgical instrument
C: Claim 36 describes a system wherein the handheld device of claim 1 is a mechanical tool

D: Claim 37 describes a system wherein the handheld device of claim 1 is an in-ear 3D scanner

There is no Single General Inventive Concept among the inventions A, B, C and D, and there is,
therefore, not a technical relationship to link the invention as defined in Rules 13.1 and 13.2 PCT.

Form PCT/ISA/210 (extra sheet) (July 2009)
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Electronic Patent Application Fee Transmittal

Application Number: 16526281

Filing Date: 30-Jul-2019

Title of Invention: SYSTEM WITH 3D USER INTERFACE INTEGRATION
First Named Inventor/Applicant Name: Henrik OJELUND

Filer: Stephany Gale Small/Ebony Jennings
Attorney Docket Number: 0079124-000266

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:,-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 5 100 500

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount SulLJ’-S'I'g(t;)I in
Extension-of-Time:
Miscellaneous:
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Electronic Acknowledgement Receipt

EFS ID: 37581414
Application Number: 16526281
International Application Number:
Confirmation Number: 9657

Title of Invention:

SYSTEM WITH 3D USER INTERFACE INTEGRATION

First Named Inventor/Applicant Name:

Henrik OJELUND

Customer Number:

21839

Filer:

Stephany Gale Small/Ebony Jennings

Filer Authorized By:

Stephany Gale Small

Attorney Docket Number: 0079124-000266
Receipt Date: 28-0CT-2019
Filing Date: 30-JUL-2019
Time Stamp: 16:36:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E20190RG37193919
Deposit Account 024800

Authorized User

Ebony Jennings

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.21 {Miscellaneous fees and charges)
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File Listing:
Document .. . File Size(Bytes Multi Pages
“ Document Description File Name ile Size( y V " I. . 9
Number Message Digest | Part/.zip| (ifappl.)
205602
1 2019102'5_Secc;)nd_Prec;ifminary yes 15
- men ment'p c437c8199a39fc8e0b204327df8a33023fe0f
2c3
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 1M
Applicant Arguments/Remarks Made in an Amendment 12 15
Warnings:
Information:
177283
2 20191028 _First_IDS.pdf yes 5
95673e060406983d0c1ea3ch3aBcb4e9c7|
11c0c
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Information Disclosure Statement (IDS) Form (SB08) 2 5
Warnings:
Information:
201693
3 Foreign Reference 40_W02010064156A1.pdf no 26
5f60d52e56f8590b5b6b3742c2fc69f
23fb
Warnings:
Information:
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4 Foreign Reference 41_EP2200332A1.pdf no 12

7fcb1075b575f144c106e393d5f50a232f27
832c

Warnings:

Information:

1144345

5 Foreign Reference 42_W02000008415A1.pdf no 29

085bac9c44ealbasfo5740980917c¢64945¢
b7427

Warnings:

Information:

1696576

6 Foreign Reference 43_W02010145669A1.pdf no 97

89bebasf4c42ac55281e2a565e5febec Oes|

Warnings:

Information:

3376124

7 Foreign Reference 44_W02011120526A1.pdf no 80

2b79bf3ca484218e8632d17dfa5318b88aa

Warnings:

Information:

2328477

8 Foreign Reference 45_W02004066615A1.pdf no 54

1f2f3e7be7e2e78e0f87c6001c8c51f64d578

Warnings:

Information:

403936

9 Foreign Reference 47_W02009089126A1.pdf no 48

32914dc998beaab82eb9006b435363204b)|
6eadde

Warnings:

Information:

752869

10 Foreign Reference 48_W02001011193A1.pdf no 16
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78425

Warnings:

Information:
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938036

11 Foreign Reference 49_W02007084727A1 .pdf no 138
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Warnings:
Information:
8074931
12 Foreign Reference 50_W02013010910A1.pdf no 93
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cfcl
Warnings:
Information:
17832409
13 Foreign Reference 46_CN101513350A.pdf no 18
f98b77540a5d0103e756381b4d 1dfdebc81
Warnings:
Information:
743365
14 Non Patent Literature 51_IPR_Petition.pdf no 67
a21756d43f566eb%ab8bb02b7bae2e58894
bfi2e
Warnings:
Information:
378772
. 52_Patent_Owner_Preliminary
— - - no 66
15 Non Patent Literature “Response. IPR2018-00197.pdf
19ff34b7ea4b20631b09%a2be2e2db5455a1
Warnings:
Information:
812355
53_Institution_Decision_IPR20
i - - - no 32
16 Non Patent Literature 18-00197.pdf
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b3ea

Warnings:
Information:

527853

. 54_Patent_Owner_Response_|
- = - - no 57
17 Non Patent Literature PR2018-00197.pdf
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57_Patent_Owner_Submission
20 Non Patent Literature _of _Demonstratives_for_Oral_ no 42
Argu ment_pdf 07931d1d139aeba02b42cf26€055b25bbe|
4225a
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1071431
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1
MEDICAL INSPECTION DEVICE
BACKGROUND OT TIIE INVENTION

‘This application is a Continuation-in-part of U.S. patent

2

obtain the necessary views for the examination while simul-
taneously viewing the image on the remote monitor. This is
due to the need for the examining care provider to manipu-
latc the instrumcnt rclative to the paticnt, while looking

L 5 away [rom the patient o the monitor. Thus, while many prior
apgl&cztl‘(‘)]r\l/[ S(;a.r. F? 09/ i9 9’9T6)3’ .ﬁle;d on Nlojv'g 2]5)’ t191\918’ art instruments may be designed to facilitate manipulation
Z’nlg()'e944 edical Inspection Ljevice , now L.5. Fal. INO. by the user, the ergonomics of such devices tends to divert

e . the user’s attention away from the patient during

1. Field of the Invention cxamination, which may result in discomfort to the paticnt

‘The present invention relates to medical and dental optical 10 due to errant manipulation of the instrument. This drawback
diagnostic instruments, and morc particularly to an inte- may be particularly problematic with respect to new users,
grated hand held viewing scope and display for use as an or those with minimal training in the use of such instru-
otoscope, ophthalmoscope, larynx illumination, nasophar- ments.
ynx illuminator, dermatologic magnifier and anoscope. 'Thus, a need exists for an ergonomically improved hand-

2. Background Information 15 held dental/medical instrument which enables a user to

Various hand held instruments for use by a physician or simultaneously observe both the patient and the instrument
dentist during examination ol a patient have been known in while viewing an image captured thereby.
the art for many years. Such hand held instruments include SUMMARY OF THE INVENTION
the oLoscope for examination of the car, ophthalmoscope for 20 According to thc prescnt invention, a dental/medical
examination of the eye, larynx illuminator (throat), nasal instrument includes a body adapted for engagement by a
Eg?r(}; rﬁ?ﬂ?gﬁ?iiﬁ;gnisﬁoli\?:faécls)’trgzgn atologic magni- user’s hand, a speculum integrally disposed within the body,

g ) P : - ’ an image capture device, a light source and a video display.

Also, in the prior art, it has been known to employ The image capture device, light source and video display are
miniature or micro-video cameras in connection with vari- 55 disposed integrally within the body.
ous surgical procedures which occur in the operating room. In another aspect of the present invention, a dental/
]?XlﬂmpéngOf ?UCh Tf{de;:}farne{as are‘: known ?ls remotle he‘ad medical instrument includes a body adapted for engagement
color ¢ f’dmzrdb', cﬁc cameras lypﬁbdl Y crlrilp Oy an by a user’s hand, the body including a speculum disposed
a{]ray N semllcczin ;ct&ve chips usugg ahtec Nofogy known as integrally therewith, and an image capturc device disposed
charge coupled diode SENSOrs. SUCh MICTO-CAMeras are ., j,oryily within the body, the image capture device having
cal.)able of.yleldmg more than 500 lines of resol.utlon per a central optical axis. A light source is also disposed inte-
a?lé’ fgsul't{ng f?gm t?c uS(‘: Of 4500’? (:0 dor more pl)fc?s.‘g‘sc‘ grally within the body, the light source being adapted to emit
© guc micro—;/ll cob('dm;rdb an frc ate ct(‘.lulpmcn > bu(’t_ as light along at least one light emission axis disposed sub-
e 1’(1) couplers, have ecf:n nown tor Zome 1melln lc onnection stantially parallel to the central optical axis. A video display
with certain types ob surgery and, particularly, surgery .o g disposed integrally with the body and is coupled with the
conducted through the use of small incisions in the body video capture device to display an image captured thereby.
Evall m Yldeoenq OSICOPY procedlures.. Such pros:edurn?shhave A still further aspect of the present invention includes a

ccome increasingly commonplace m connection with pro- mcthod of cxamining a paticnt, which compriscs the steps
cedures upon the gall bladder, appendix, intestine, etc., of: ?
where the problem is of an intcrnal naturc. 0 ’ () ulilizing an instrument including:

In addition to relatively widespread use of such micro- a body adapted for engagement b.y a user’s hand. the

V!deo technology in the operating room, Wthh 1nf:ludes the body including a speculum disposed integrally It;ere-
display of a procedure upon separate monitors, this technol- with:
ogy has also bcen utilized in the dentist’s or physician’s an ima, o capture device:
office in the context of otherwise routine examination and ,s a light ge mitt};r' ’
diagnosis. An example of an 1nstmment incorporating this the image capture device and the light emitter being
technology is shown, for example, in U.S. Pat. No. 5,762, disposed integrally with the bady; and
605, issued to Cane et al. This device discloses a hand held a vi(ico ) display disposed integrally V’Vilh the body; and
optical diagnostic instrument including a CCD sensor and an (b) manipulating the instrument relative to a patient \:Vhile
exter.nal ligh.t source. The ipstmmem 1< coupled to a .di.screet 50 the usgr simugltaneously faces both the palt)ient and the
monitor which may permit both patient and physician to video display
obscrve an image of the ecxamination. Morcover, devices of SPs . L .
his . bg ilized duce a vid M d of such In another aspect, the present invention includes an instru-
this type may be utilized Lo produce a video record ol suc ment having a body adapted for engagement by a user’s
an examination and/or proylde either a video tape of the hand. The bodv includes an inteeral speeulum. a lens and a
examination or selected print frames thereof. 55 light .outle ¢ an}éi an integral Vi dego disglay ’

Suc{ll.dcvu:cs rﬁlay also be I}SCd, to provide afv1dco hn,lé to In a variation of these aspects, the lens and light outlet are
a satellite or other communications means from a video disposed integrally within a nose portion of the speculum. In
mFe.rface ,Of the: system.. This may enable consultants to .be a further variation, the nose portion comprises a modular
thzed enh.e]; m £eal time, or in a batch I.HOde’ to provide unit adapted for alternate engagement and disengagement

second opinions to the examining medical .personnel Of 60 with said body. Further still, a plurality of modular nose
parflmedlc who may be loca.teq na geographlcally remote portions may bc provided with various sizcs and shapcs to
region and/or may possess limited skills in the specialty to [acilitate discrele examining procedures
which the examination relates. Such activity has become )
known as tclemedicine. BRIEF DESCRIPTION OF THE DRAWINGS
A disadvantage of such devices, however, is that they tend 65 FIG. 1 is a partially perspective elevational view of a

to be awkward to use, as such instruments tend to be difficult
lor the examining physician (o hold, to manipulate and to

dental/medical instrument of the present invention in use
relative o a patient;
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T'IG. 2 is an enlarged, broken-away elevational view of a
portion of the instrument of FIG. 1;

FIG. 3 is a block diagram of thc componcntry of the
present invention;

4

to fiber-optic coupling 46 discussed hereinbelow) to couple
the lens 30 with the sensor 34. One skilled in the art will
recognize that use of such an optic coupling advantageously
permits the sensor 34 to be disposed at various locations
within the instrument 10, either on or off the axis of

FIG. 4 is a perspective view of the instrument of FIG. 1 5 P . p
. ; L 7 . . cxamination 36. Morcovcr, as mentionced hercinabove, such
including an addltlona% corr{poncnt ol the I.Jrcscn.l Invention; an arrangement may also facilitate use of a remote sensor 34,
ﬂFIG~ Sis a perspective view of a pll]rz}llty of Instruments such as a remote digital camcra, coupled optically and/or
ol FIG. 1 disposed in an optional charging device; and electronically to lens 30 through a port 28. Instrument 10
FIGS. 6a—6¢ are elevational views of alternate embodi- | also includes an internal light source 38 which includes a
ments of the dental/medical inspection instrument of the light generator 40 such as an array of light emitting diodes
present invention. (LEDs) 42 disposed on a printed circuil board 44. Light
DEIAILED DESCIPTION OF ThE s 38 s nluces n ptiel cupling s s
PREFERRED EMBODIMENTS 15 outlet 48. As shown, light outlet 48 preferably includes distal
As shown in FIGS. 1-3, the present invention includes a or terminal portions of the light pipe 46 which are splayed
dental/medical instrument 10 for usc in diagnostic and [or disposition about the periphery ol lens housing 32. As
related patient inspection/examination. The device includes shown, each of these terminal portions extends substantially
a body 12 including an integral speculum 14 with a video parallel to axis of examination 36 to emit light along light
image capture device or camera 16, a power supply and a , emission axes 37 which are substantially parallel to the
video display 20. These components, in addition o user cxamination axis 36. Dcpending on the application (as
actuatable controls including a power switch 22 and image discussed hereinbelow with respect o FIGS. 6a—6¢), such
focus control 24, are preferably disposed integrally with the substantially parallel light emission may include light emit-
body 12. (Portions of the image capture device, such as ted along one or more light emission axes 37 oriented to
image sensor 34, as will be discussed hercinbelow, may be . extend either slightly convergently towards axis 36, or
disposed remotely from the body 12, and coupled thereto ~  slightly divergently away from axis 36. In this regard, the
through a port 28.) The body 12 is adapted for convenient instrument 310 of FIG. 64 may ulilize one or more slightly
engagement and manipulation by a user’s hand. The video convergently disposed light emission axes to illuminate a
display is disposed on a display portion of the speculum, relatively small area of a patient. Conversely, instrument 210
whilc components of the image capture device, such as a ; of FIG. 6¢ may utilize slightly divergent light emission axes,
lens and light emitter, are disposed on a nose portion ol the or a combination of convergent and divergent light emission
speculum. As shown in FIGS. 6a—6e, the nose portion is axes, to illuminate a relatively larger area of the patient (i.e.,
modularly replaceable with alternate nose portions sized and to inspect a region of a patient’s skin). In this manner outlet
shaped to facilitate various discrete medical/dental exami- 48 emits light nominally coaxial with axis of examination
nation procedures. The present invention thus provides a .. 36.
unitary, hand-held device capable of illuminating and cap- Although light generator 40 preferably includes LEDs 42
turing an image of a patient, and displaying the image. as shown, any suitable light generation means, such as
As used herein, the term “light” is defined as electromag- miniature incandescent bulbs, compact florescent lighting,
netic energy within the range of frequencies or wavelengths or one or more lasers may be utilized. Image sensor 34 may
extending from infrared to ultraviolet radiation and includ- 4, be any suitable miniature video image capture device known
ing visible light. The term “speculum” as used herein, shall to those skilled in the art, such as, for example [orm [actor
rcfer to a portion of an instrument adapted for being inscrted video cameras, semiconductor chip mounted CCD devices,
into a body passage and/or placed externally of a patient, for or other devices commonly utilized in the field of electronic
inspection of the patient. or digital photography. In this regard, the image capture
Turning now (o the Figures in greater detail, as shown in 45 device 16 of the present invention provides nominally the
FIG. 1, dental/medical instrument 10 comprises a unitary same capabilities commonly associated with conventional
body 12 including a manually engagable pistol-type grip digital cameras and the like, namely, the ability to digitally
portion 13 and a speculum portion 14. As also shown, body capturc, storc and retricve images for display and/or trans-
12 includes an intcgral vidco display 20 as wecll as uscr mission. Such image transmission may be accomplished in
actuatable controls including a power or on/off switch 22 50 a known manner, such as by use of port 28.
and a focus control 24. The instrument 10 also includes As also shown, a focus control switch 24, such as a user
integral battery recharging contacts 26 and one or more actuatable thumb wheel as shown, is operatively coupled by
external ports 28, which will be discussed hereinbelow. cable S0 to the lens housing 32 (o [ocus the image caplured
Turning now to FIG. 2, lens 30 of the image capture by imagc scnsor 34. In onc cmbodiment, focus control 24
device 16 is disposed within the speculum 14 of the instru- 55 may include a mechanical gear-type control which actuates
ment 10. Moreover, in the embodiment shown, various a cable 50 to effect focusing movement of the lens 30
components of the image capture device 16, including lens relative to sensor 34 in a known manner. In such an
30 disposcd within a lens housing 32, and an imagc scnsor embodiment, cable 50 may be a conventional mechanical
34, are prelerably disposed within the speculum 14. As also cable. In an alternate embodiment, cable 50 may include an
shown, lens 30, housing 32 and sensor 34 are all disposed in 60 electric wire which serves to couple electrical signals from
image capturing alignment with one another to capture focus control 24 to an electrical actuator (not shown)
images disposed along an axis of examination 36. Such coupled to the lens 30 to cffect the focusing movement.
imagc capturing alignmcnt may be provided by disposing Morcover, all or a portion of spcculum 14 is advanta-
both the lens 30 and sensor 34 along a common axis (i.e., geously coupled modularly, i.e., in a snap-fit type
axis 36) as shown. Alternatively, this image capturing align- 65 arrangement, to the body 12 to permit convenient replace-

ment may be provided by utilizing an optic coupling such as
a light pipe, liber optic coupling or other wave guide (similar

ment and/or substitution thereof to facilitate various discrete
uses. For example, a nose portion 15 (also relerred to as
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“lens sub-system”) of the speculum 14 may be modularly
engagable with the display portion 17 thereof, as will be
discussed in greater detail hereinbelow with respect to FIGS.
6a—6e.

6

describing the examination process to the patient. Moreover,
the image may be recorded by connecting the video output
to a suitable image recorder such as a computer or VCR or
other rccording device.

The instrument power supply includes a DC-DC con- s As shown in FIG. 5, an AC powered recharging base 66
;erter 5.2 electru;ally cgupled to ?D L'Aﬁ powerlu(l1verter.ds4. may be utilized to receive one or more instruments 10 for
ower 1nverter 34 1s, 1n turn, electrica coupled to video : :
display 20. In aPrc[c;rcd cmb’odimcnt asyshowrll instrument rechargmgﬁpower S(l)urce 56 by coupling Txtersnal chargser
: > > tact FIG. to AC 58 (FIG. 3).
10 includes an internal power source such as a rechargeable E:Fcl):;ni;; now(to FIGS) 6Oa—6e 11;1 Ozggitissg I:Oythc irfstrumcrzt
%rcn]gg—rechargteaglze S'ac{[er}c/l' 5? elze(;:t.rlcallfy C&upled 1[0 10 10 discussed hereinabove, various alternate embodiments ol
- converter 52. Video display 20 is preferably a color th ii i h inst is 110. 210. 310
Wl.thmf body .12 n ngccd rclanpn tlo leéls fhousmlg, 32 12:I.IO,§§ instrument 10 while utilizing various modular nose portions
axis o lexalgmnat.ltogl dé.lt a]prozx 6H.1a1 end o spec1u Su m h ( 46 to facilitatc discrctec medical/dental cxamination procedurcs,
example ol a suilabie display 2l 1s known as a 1.6 ICH (%0 15,4 mentjoned hereinabove. Nose portion 15 (FIG. 6a) of the
;:22:rl:ihiocrlleﬁsltgoLLgtngp ;S;SZTﬂzlzﬁbfzc;mi:rgﬁz];/]136 IV speculum 14 is thus modularly engagable with the display
M D [ é bodi he substanti: 11. portion 17 thereof for convenient replacement with various
Moreove o s pitsrd, embodien he subsntaly i s prtions 15,215,315 415 (1G5, G-
t . t t t
il ooy fo e sk oF oxaminaon 56, o 5, STeeU). In s g an sl foeus conrel
Placement of lllnom.ttﬁr. 20 adtvanltai.gcouil}f pt}taczs a dlslp layii hereinabove with respect to FIG. 2, is preferably provided.
image generally within a natural line of sight of speculum - - .
deﬁ%edg by axi: of examination 36. This %se of }t)he integral Moreover, a light source 38 and image capture device 16
. . ’ . . (FIG. 2) are prelerably disposed entirely within each modu-
Zﬁizieccl:l:p ilr?Ztn?r?lei?Vf(?tgvghei?:ESle);a%EZZISGSSQDtc:n\tzgijt;:i lar (remov.able) nose portion. These arrangements advanta-
image which moves in a natural and intuitlive manner in = gem}sly simplify modular connection betwee.m. the nose
g t t of the inst t 10 b portions and the display portion 17, by permitting use of
responsc o movement © ¢ _1nstrumen y a uscr. conventional modular electrical connectors. Alternativel
Advantageously, this action facilitates proper use with little the light source 38 may be disposed within the displa};’
or no training to generall}f enablf.: a user to operate .the portion 17, with the light pipe 46 (FIG. 2) fabricated as two
instrument th greater'tacnle' sensitivity than prior de\{lces 30 discrete portions that are axially aligned with one another
r;/lhl(.:h utilize d}scrzcl Yldc%t(lhsplaysfloca.tctd rcrilgl.cl)i lrozrg when a particular modular nose portion is engaged with the

e image sensing device. The use of an integral display displ tion 17,
disposed within the axis of examination 36 also advanta- 1S;J‘Sa¥hpor 10'n ] 10 may be ¢ entl ized
geously tends to improve the efficiency of the examination bl s OWE’ instrument 1) may be WF“’“EHCH‘ y utilize tz
procedure by cnabling the uscr to look in a single dircction 55 SP2P'¢ a paysician fo examine a patient’s ear, nose, an
for viewing the image captured on the monitor 20, the throat. As.shown in FIG. 6b, an .emended and §llghtly a‘?gled
instrument 10 and the patient while manipulating the instru- 110%6 4 lpornon 115 .mfay. be utilized to examine a panents
ment 10. This aspect thus provides improved ergonomics to mr hc mcaxls, mn c(rilor meatus, st}pcnorl mcatgs, an
enable manipulation of the instrument 10 with greater accu- grl(;p aryEX. rfzvelgiecz} C60ne nose é)ortlc?lr} Ord ens subsystem
racy than prior art devices which generally require the user 4, . aS, shown 1n - ¢, may be u,tl 1zed to examine @
to manipulate the device while looking away [rom the patient’s skin. An ggtended nose portion 315, as shown in
patient to view a remote monitor. FIG. 6d, may be utilized to examine animals such as horses,

Turning now to FIG. 3, a rechargeable power source 56 is cows, and the like. As shgwn m FIG 6e, an offsct l.cns
electrically coupled to contacts 26 which, in turn, are s bsysteén S 1?1? ay be utilized to facilitate rectal examina-
adapted [or connection Lo an AC power source 58. Internal 45 tions and the like. .
power source 56 is coupled to DC-DC converter 52 which, In these alternate embodiments of FIGS. 6b—6e, the
as shown, is coupled to a light generator 40 which is coupled substantially planar screen portion 21 of display 20 is
to light pipe 46. DC-DC converter 52 is also coupled to the d1§poscd subs‘tant.lally orthogonally to cither the respective
DC-AC inverter 54 to supply power to a backlight 60 of axis of examination 136, 236, 336 or 436, or to a plane
video display 20. As further shown, DC-DC converter 52 50 which includes the axis of examination. As discussed above
provides power to a video converter, 62 which provides an with respect to instrument 10, such placement of monitor 20
electronic image signal to the display 20 as well as to advantageously Placcs a displayed image generally witl.liu a
external video port 28. Porl 28 may be coupled a remote natural line of sight of speculum 14 defined by the axis of
video display 64, cither dircctly, or via a computer network examination. This use of the integral video display 20
(ie., an intranet or the Internet. As also shown, lens 30 is 55 advantageously provides an integrated one-picce instrument
optically coupled to sensor 34 which is, in turn, electroni- 10 which enables a user to view an image which moves in
cally coupled to the video converter 62. Focus control 24 is a natural and intuitive manner in response to movement of
electrically and/or mechanically coupled to the lens 30. the instrument 10 by a user.

Turning now to FIG. 4, in a prelerred embodiment inspec- Although various components of the present invention
tion device 10 is adapted for being coupled by its external 60 have been shown and described as being disposed within
video port 28 to a remote monitor 64. The remote monitor Various nose portions 1$> 115_> 215, 315 and 415, it should be
64 may comprise a LCD display, television monitor, and the recognized by those skilled in the art thal any arrangement
like, and is preferably wall mounted or movably mounted to of C9mP0n§m5 may be .1ncluded or rerr}o.ved from the nose
enable a patient to view captured images in real time as the portions without departing from the spirit and scope of the
dentist or physician views the captured images on the ¢s Presentinvention.

integral display 20. This aspect of the present invention thus
provides the user with a uselul tool [or explaining and or

Moreover, although several alternate configurations of
nose portions or lens subsystems have been provided, those
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skilled in the art should recognize that nose portions or lens
subsystems of substantially any geometry or construction
may be utilized without departing from the spirit and scope
of the present invention.

8

13. The dental/medical instrument of claim 12, wherein
said charging circuitry further comprises contacts disposed
externally on said body, said contacts adapted for power
coupling contact with an cxtcrnal powcer sourcc when said

The foregoing description is intended primarily for pur- 5 body is received within a charger.
poses of illustration. Although the invention has been shown 14. The dental/medical instrument of claim 1, further
and described with respect to an exemplary embodiment comprising video circuitry adapted to couple said image
thereof, it should be understood by those skilled in the art capture device with said video display.
that the forcgoing and various othcr changes, omissions, and 15. The dental/medical instrument of claim 14, whercin
additions in the form and detail thereol may be made therein 10 said video circuitry further comprises an external port dis-
without departing from the spirit and scope of the invention. posed on said body, said external port adapted to couple with
Having thus described the invention, what is claimed is: an external video display.
1. A portable unitary hand-held dental/medical instrument 16. The dental/medical instrument of claim 15, further
of the type sclected from the group consisting of otoscopcs, comprising an cxternal video display.
ophthalmoscopes, larynx scopes, nasopharynx scopes, der- 15 17. The dental/medical instrument of claim 1, wherein
matologic scopes, anoscopes, or veterinary scopes, said said video display further comprises a substantially planar
instrument comprising: screen portion, said screen portion being disposed substan-
: P tially orthogonally to said axis ol examination.
4 li;i)r’,g?:;g a pistol-grip adapted for engagement by a 18. The dental/medical instrument of claim 1, wherein
. o Lo . . 20 said video display further comprises a substantially planar
said body including a rigid IIUSLO—COH.ICal spcculum. dis- screen portion, said screen portion being disposed substan-
sted thern?on, §a1d speculum ha"l?g a nosc ,Wlt,h a tially orthogonally to a planc which includcs said axis of
dlstal opening dlspose?d along an axis of examination, examination.
said s.pec.ulum bem.g sized and shal.)ed to .allow location 19. The dental/medical instrument of claim 1, further
of said distal opcning a predetermined distance from a 25 comprising an image recorder.
target; 20. A dental/medical instrument of the type selected from
an image capturc device and a light source, said image the group consisting of otoscopcs, ophthalmoscopcs, larynx
capture device and said light source being disposed scopes, nasopharynx scopes, dermatologic scopes,
integrally within said body, to capture a target image anoscopes, or veterinary scopes, said instrument compris-
viewed by said image capture device through said distal 3 jng:
opening; and a body having a pistol-grip adapted for engagement by a
a video display housed within said body, said video user’s hand;
display being disposed within said axis of examination, said body including a rigid speculum disposed thereon;
to locate a displayed image of the target within said axis - - - - e -
e an image capture device disposed integrally within said
of examination. * body, said imagc capturc device having a central optical
2. The dental/medical instrument ol claim 1, [urther aXis;’
Ezrél;) rising a power supply disposed integrally with said a light source disposed integrally W'ith'in said body, said
3. The dental/medical instrument of claim 2, further light source t.)CI.H g ade.tpth to emit light a.l ong al least
comprising a power source disposed integrally with said 40 one l}ght CIISSION aX1S d,ISPOSCd substantially parallel
body. to said central optical axis; and
4. The dental/medical instrument of claim 2, wherein said a sul.)st.antia}ly planar V.idCO. displa}y diSPOSf?d int.cgrally
image capture device and said light source are disposed within said body, said video display being disposed
integrally within said speculum. within an axis of exam1pat19n in subs.tantlally orthogo-
5. The dental/medical instrument of claim 2, whercin said 45 nal relation thereto, said display being coupled with
image capture device further comprises a lens disposed in said video capture device to display an image captured
optical communication with an image sensor. thereby. L . o
6. The dental/medical instrument of claim 5, wherein said 21. A method of examining a patient comprising:
light source emits light substantially coaxially with a central (a) utilizing a portablc hand-hcld instrument of the typc
optical axis of said image capture device. 50 selected from the group consisting of otoscopes,
7. The dental/medical instrument of claim 6, wherein said ophthalmoscopes, larynx scopes, nasopharynx scopes,
light source further comprises a light emitting diode. dermatologic scopes, anoscopes, or veterinary scopes,
8. The dental/medical instrumcnt of claim 2, further said instrument including:
comprising a user actuatable power switch disposed inte- a body having a pistol-grip adapted for cngagement by
grally on said body. 55 a user’s hand, said body including a rigid speculum
9. The dental/medical instrument of claim 8, wherein said disposed thereon;
power switch is operable by a user’s thumb. an image capture device;
10. Thc dental/medical instrumcnt of claim 2, further a light emitter;
comprising a power supply disposed integrally within said said image capture device and said light emitter being
body. 60 disposed integrally with said body; and
11. The dental/medical instrument of claim 10, wherein a substantially planar video display housed within said
said power supply is adapted for being coupled with an body, said vidco display being disposcd within an
cxtcrnal powcr source. axis ol examinalion in substantially orthogonal rela-
12. The dental/medical instrument of claim 11, wherein tion thereto; and
said power supply further comprises charging circuitry 65 (b) manipulating the instrument relative to a patient while

adapted to recharge rechargeable batteries disposed inte-
grally with said body.

the user simultaneously faces both the patient and the
video display.
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22. The method of claim 21, further comprising the step
of:

(c) transmitting the image to a remote display.

23. The method of claim 22, further comprising the step
of:

(d) rceording the image on an image rccorder.

24. A portable hand-held instrument of the type selected
from the group consisting of otoscopes, ophthalmoscopes,
larynx scopes, nasopharynx scopes, dermatologic scopes,
anoscopes, or velerinary scopes, said instrument compris-
ing:

a body having a pistol-grip adapted for engagement by a

user’s hand;

said body including a frusto-conical speculum disposed

thereon; said speculum having a distal opening dis-
poscd along an axis of cxamination, said spcculum
being sized and shaped o allow location ol said distal
opening a predetermined distance from a target;

a lens and a light outlet, said lens and said light outlet

being disposed integrally within said body; and

a video display disposed within said body, said video

display being disposed within said axis ol examination.

10

15

20

10

25. The instrument of claim 24, wherein said lens and
light outlet are disposed integrally within a nose portion of
said speculum.

26. The instrument of claim 25, wherein said nose portion
further comprises a modular unit adapted for alternate
engagement and disengagement with said body.

27. The instrument of claim 26, further comprising a
plurality of said nose portions being interchangeably eng-
agablc with said body.

28. The instrument of claim 27, wherein each ol said
plurality of nose portions are sized and shaped to facilitate
discrete examining procedures.

29. The dental/medical instrument of claim 24, wherein
said vidco display furthcr compriscs a substantially planar
screen portion, said screen portion being disposed substan-
tially orthogonally to said axis of examination.

30. The dental/medical instrument of claim 24, wherein
said video display further comprises a substantially planar
screen portion, said screen portion being disposcd substan-
tially orthogonally to a plane which includes said axis of
examination.
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A method and system for providing an operational command
signal to a workstation of an imaging system. The worksta-
tion is provided imaging data from a positionable transducer.
The method and system convert at least one of a predeter-
mined plurality of motion patterns imparted by an operator
of the system to the transducer into the operational com-
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Pictograph
ID| Name l ) YP /~1 3
User interface action
1 [R-L 7\33 Capture the image and store it in a patient database.
2 LR <@ Start capturing image data to a movie clip.
3 |R-L-R-L 3 Mouse Right click, bring up a menu.
% Mouse double click, select a user interface object,
4 |L-RL-R Z such as a menu item.
5 IR-L-L-R <%> Invoke an on-screen cursor.
Select the next measurement in a series
6 |L-R-R-L % of measurements.
7 lp-u \ | Mouse left click.
8 lU-D /-‘ Start automatic image gain adjustment.
9 |p-u-p-U W Start VCR recording.
7 -
10|U-D-U-D W Stop VCR recording.
11{R-D-U-L Z Q Start a trace tool.
12|L-D-U-R g@ Enter a calculation report screen.
Go to the next stage in a defined exam protocol. This may
% change a combination of imaging parameters, stopwatch
13|R-L-D-U ﬁ timers, image annotations, measurement tools and calculation
33 | package measurements.
R-D. Display the next entry in a series of pre-defined
14|L-R-D-U 33% image annotation text strings.

Explanation of pictographs:

12§

= Transducer

3o\ﬂ

= Vector Image

33?

= Path of transducer motion

FIG. 64
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METHOD AND APPARATUS FOR CONTROLLING
ULTRASOUND IMAGING SYSTEMS HAVING
POSITIONABLE TRANSDUCERS

TECHNICAL FIELD

[0001] This invention relates generally to methods and
apparatus for controlling imaging systems and more par-
ticularly for controlling imaging systems having position-
able transducers.

BACKGROUND

[0002] As is known in the art, one type of imaging system
is an ultrasound imaging systems. A conventional ultrasound
imaging system includes a positional transducer, typically a
sonographer handheld transducer, coupled to a large pro-
cessing and display workstation or operator interface. The
frontal portion of the transducer includes an array of ultra-
sonic elements which transmit and receive ultrasonic energy
for imaging a selected region of a patient. The received
ultrasonic energy is converted to electric signals by the
transducer and passed to the workstation. The workstation
detects, filters and otherwise processes the information to
generate a two- or three-dimensional representation of the
scanned region.

[0003] The sonographer supplies the control signals for
the workstation. Such control signals are typically supplied
by the sonographer’s free, or non-transducer carrying hand.
Scanning situations in both the examination room and other
locations often require the sonographer to be in awkward
positions for simultaneously reaching the controls with the
free hand and placing the frontal portion of the transducer in
the proper position on the patient’s body. One technique
suggested to solve this problem is through voice activation;
however, such technique may be prone to error and requires
a speech recognition learning phase for each sonographer.
Another technique suggested to provide the central signals
to the workstation is through a sonographer actuated foot
pedal; however such is not practical for all scanning situa-
tions.

SUMMARY

[0004] Inaccordance with the present invention, a method
is provided for providing an operational command signals,
sometimes herein referred to as control signals, to a work-
station of an imaging system. The workstation is provided
imaging data from a positionable transducer. One method
includes converting at least one of a plurality of predeter-
mined motion patterns imparted by an operator of the system
to the transducer into the operational command signals.

[0005] With such method, the operator is provided with a
way to control the workstation without taking a hand off of
the transducer, or relying on voice control or foot actuated
controls. The method reduces the number of times the
operator must touch controls on the workstation.

[0006] Another method includes parting the transducer
head into multiple regions (in one embodiment, less than
four regions) and interpreting the reception of the signals
from such regions into operational command signals.

[0007] A third method includes converting detections of
predetermined echo signatures into operational command
signals.
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[0008] In one embodiment, the converting comprises
detecting at least one of the predetermined motion patterns
and converting such detected motion patterns into a corre-
sponding one of the operational command signals.

[0009] In one embodiment, the detecting comprises com-
paring a sequence of images formed by the system.

[0010] Inone embodiment, the method includes determin-
ing from the sequence of images whether the motion
imparted to the transducer was either a repositioning of the
transducer to produce a different image to be observed by the
operator or a motion imparted to produce the corresponding
one of the command signals to the workstation.

[0011] In one embodiment, such determining includes
comparing types of motions imparted by the operation.

[0012] In one embodiment, such determining includes
comparing imparted motion with a level threshold.

[0013] In one embodiment, such determining includes
comparing imparted motion with a time duration threshold.

[0014] In one embodiment, a method is provided for
providing control signals to a workstation of an imaging
system, such workstation being provided imaging data from
a positionable transducer. The method includes detecting
patterns of motion of the transducer, and converting the
patterns to the control signals.

[0015] In one embodiment, the detection is performed by
detecting patterns of change in real time images provided by
the system.

[0016] Inone embodiment, timing of the motion is used to
discriminate between motion intended to provide the control
signals and motion normally occurring during scanning.

[0017] In one embodiment, patterns of direction of the
transducer motion are used to discriminate between motion
intended to provide the control signals and motion normally
occurring during scanning.

[0018] In one embodiment, a combination of patterns of
direction of the transducer motion and timing of the motion
are used to discriminate between motion intended to provide
the control signals and motion normally occurring during
scanning.

[0019] Inone embodiment, an imaging system is provided
having a workstation and a positionable transducer for
providing imaging data to the workstation. The workstation
responds to the operational command signals. The worksta-
tion includes a memory for storing a table mapping detected
motion of the transducer into the command signals.

[0020] In one embodiment, the workstation includes a
processor programmed to detect at least one of a predeter-
mined plurality of motion patterns and convert such detected
one of the motion patterns into the operational command
signals.

[0021] In one embodiment, the transducer has deposed
within a housing thereof motion sensors.

[0022] In one embodiment, sensors disposed remote from
the transducer sense motion of the transducer.

[0023] Inone embodiment, an imaging system is provided
having a workstation and a positionable transducer for
providing imaging data to the workstation. The workstation
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responds to control signals. The workstation includes a
processor for detecting patterns of motion of the transducer
and converting the patterns to the control signals.

[0024] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the invention will be apparent from the description
and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0025] FIG. 1 is a sketch of an imaging system according
to the invention;

[0026] FIG. 2Ais an isometric sketch of a transducer used
in the system of FIG. 1;

[0027] FIG. 2B is a front elevation view of the frontal
portion of the transducer of FIG. 2A;

[0028] FIG. 2C is an isometric sketch of a transducer
adapted for use in the system of FIG. 1 according to one
embodiment of the invention;

[0029] FIG. 2D is a front elevation view of the frontal
portion of a 2D array transducer;

[0030] FIG. 3 is a block diagram of a processor used to
process imaging data from the transducer of FIGS. 2A and
2B to generate an image for an operator of a workstation
used in the system of FIG. 1 and to process such data to
generate control signal for operation of the workstation;

[0031] FIG. 4A is a diagram showing a coordinate system
for a one-dimensional array transducer used in the system of
FIG. 1, such coordinate system indicating and defining
operator motion of the transducer;

[0032] FIG. 4B is a diagram showing a coordinate system
for a two-dimensional array transducer used in the system of
FIG. 1, such coordinate system indicating and defining
operator motion of the transducer;

[0033] FIGS. 5A, 5B and 5C show various patterns of
motion which may be imparted to the transducer by the
operator and then image data which is processed by the
processor of FIG. 3 to generate the control signally for the
workstation of the system of FIG. 1;

[0034] FIG. 6A is a table showing the relationship
between a repertoire of motions impartable by the operator
to the transducer and the workstation control signals
intended by the operator resulting from such motions;

[0035] FIG. 6B shows a comparison between normal
transducer motion occurring during scanning and motion
used to initiate a command signal to the workstation of FIG.
1

[0036] FIG. 7 is a flow diagram of a process used by the
processor of FIG. 3 in generating the workstation control
signals from images generated by the transducer;

[0037] FIGS. 8, 8A and 8B are flow diagrams in more
detail of the process of FIG. 7 used by the processor of FIG.
3 in generating the workstation control signals from images
generated by the transducer;

[0038] FIG. 9 is a diagram showing an image obtained by
the processor of FIG. 3 divided into sub-image segments by
the processor and used to detect overall image motion; and
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[0039] FIG. 10 is a diagram showing an image obtained by
the processor of FIG. 3 divided into sub-image segments by
the processor with near-field segments used to detect overall
image motion.

[0040] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0041] FIG. 1 shows an imaging system 10, here an
ultrasound imaging system for medical diagnostics. The
system 10 includes a positionable, here handheld, image
processing ultrasound device, here a transducer 12 shown in
more detail in FIGS. 2A and 2B, and a multi-use display
device, or operator interface, herein sometime collectively
referred to as a workstation 14. The handheld transducer 12
obtains ultrasound data and formats the ultrasound data for
transmission to the workstation 14, here via a cable 15.
Controls to the workstation 14 are provided by detecting
patterns of motion, to be described in more detail below,
provided, or imparted, to the transducer 12 by an operator of
the system 10, typically by a sonographer. Suffice it to say
here that the pattern of motions may include: an up-down or
down-up (i.e., axial) motion of the sonographer’s transducer
hand holding wrist (i.e., an up flick of the wrist followed by
a down flick of the wrist or a sequence of down-up flicks of
the wrist); a left-right or right-left (i.e., azimuthal) motion of
the sonographer’s transducer hand holding wrist (i.e., left-
right flicks or right-left flicks of the wrist); for 2D arrays, a
forward-and-backward (i.e., elevational) motion of the
sonographer’s transducer hand holding wrist; a inward-
outward motion towards and away from the patient’s body,
or visa versa, or any combination thereof. The detection of
these sonographer’s imparted transducer motions may be
performed by hardware and/or software to detect patterns of
change in real time images. When motion is detected, the
timing of the motion is used to discriminate between motion
intended to initiate control changes and motion which occurs
normally during scanning. In addition, patterns of direction
are be used to discriminate between motion intended to
initiate control changes and motion which occurs normally
during scanning. The combination of timing and direction of
transducer 12 motion changes are used to discriminate
between transducer motion intended to initiate control
changes and motion which occurs normally during scanning.

[0042] The transducer 12 includes a housing 16 (FIG. 2A)
adapted to be easily handheld, such as for example, being
less than 8 inches in any dimension and/or having an
ergonomic shape for holding in a operator’s hand. The
housing 16 comprises plastic, rubber, metal, other materials
now known or later developed, or combinations thereof. In
one embodiment shown in FIG. 2A, the housing 16 is shaped
for ergonomic use or holding by the operator (e.g., sonog-
rapher) by having a generally round or curved circumference
handle serving as a grip for the sonographer’s hand.

[0043] The handheld transducer 12 includes conventional
ultrasound circuitry, not shown, within the housing 16. Thus,
the ultrasound circuitry includes, in the frontal portion 20
thereof (FIGS. 2A and 2B) an array of ultrasonic elements
19 which transmit and receive ultrasonic energy for imaging
a patient, not shown. It is noted that FIG. 2B is for a
one-dimensional array transducer and FIG. 2D is for a 2D
array transducer. Here, the transducer’s transmit and receive
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elements 19 in the frontal portion 20 are arranged in an
elongated array along a the longer axis, here the Y axis of the
rectangular shaped patient interfacing surface, i.e., the fron-
tal portion 20, of the housing 16. The elements 20 in the
frontal portion 20 are, as shown in FIG. 3 fed to a display 22
of the workstation 14 (FIG. 1) serially through: a beam-
forming network 24, an echo processor 26, a scan converter
28, and an image processor 31 in a conventional manner.
The beamforming network 24, echo processor 26, scan
converter 28, image processor 31 and display 22 are con-
trolled by a central processing unit (CPU) 32 coupled to a
random access memory RAM37. The CPU 32 operates in
accordance with program instructions stored in a ROM 34,
or in RAM 37, or in flash memory not shown, or on a hard
drive device, not shown. A memory 36, here an erasable, or
other type of programmable semiconductor memory, here a
read only memory (ROM) is provided for storing a com-
puter, here microprocessor, executable program, for operat-
ing the CPU 32 as described herein. Further, the RAM 37
stores, after being read from the hard drive, not shown, a
table (TABLE I) mapping detected motion imparted by the
operator of the transducer 12 into command, or control,
signals for the workstation 14 (FIG. 1). Further it should be
noted that the user might alter the mapping provided by the
table using setup screen touch commands.

[0044] Thus, the ultrasound processor 21 (FIG. 3) scan
converts data associated with the radial scan pattern to
generate ultrasound image data in a video format (e.g.
Cartesian coordinate format). In one embodiment, a single
radial scan format with possible changes in depth limits the
number of operations for scan converting. Multiple scan
formats and associated scan conversions may be used. Video
filtering or processing may also be provided. Thus, as noted
briefly above, the processor 21 (FIG. 3) includes the array of
transmitting/receiving elements 18, here an array of piezo-
electric crystals that deliver ultrasonic energy into a patient
and receive ultrasonic echoes from the patient. Electrical
signals representative of the echoes produced by the trans-
ducer 12 are delivered to the beamforming network 24
where they are selectively combined to produce an indica-
tion of the echo intensity along a particular direction or beam
in the patient. The data produced by the beamforming
network 24 is fed to the echo processor 26 that calculates
echo intensity at each position along a beam and may
calculate a Doppler shift of the echoes received along a
particular beam. Data from the echo processor 28 is fed to
a scan converter 28 that converts the data into a form that can
be readily displayed on a video monitor 22.

[0045] The data produced by the scan converter 28 is
stored in an the RAM 37 where an additional processing,
such as adding color, may be performed prior to displaying
the images on a video monitor. Controlling the operation of
the above-referenced parts are one or more central process-
ing units, here collectively indicated by the CPU 32. The
central processing units also receive commands from the
sonographer. As noted above, controls to the workstation 14
are provided by detecting patterns of motion, to be described
in more detail below, provided to the transducer 12 by the
sonographer. Thus, the CPU 32 together with the image data
stored in RAM 37 and the TABLE I stored in memory 36,
processes the motion detection signals imparted by the
sonographer to provide these workstation control signals.
Recognition of the motion inputted command by the pro-
cessor 21 results in the CPU 32 sending a signal to a light
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and/or buzzer 27 mounted on the workstation 14, or chang-
ing some on-screen indicator. Activation of the light and/or
buzzer or on screen indicator 27 provides a visual and/or
audible indication to the sonographer that the command has
been completed.

[0046] It should be understood that the commands or
control signals provided to the workstation 14 by detecting
patterns of motion provided to the transducer 12 by the
sonographer may be supplemented by other tactile com-
mands entered manually by the sonographer to the work-
station keyboard 25 (FIG. 1) or by a foot pedal 29 (FIG. 1).
In either case, these controls allow the sonographer to adjust
the operation of the ultrasound machine workstation 14. In
addition, some command or control signals may be sent after
some configurable delay after the pattern of motion is
detected. This will allow controls which require a stable
image, such as image capture, to be included in the com-
mand table.

[0047] The transducer 12, as noted above, includes trans-
mit and receive elements 19 (FIGS. 2A and 2B). These
elements 19 are arranged to provide an array of elements for
transducing between acoustical and electrical energies, such
as a one-dimensional, 1.5D, two-dimensional or single ele-
ment transducer. Any of a phased array, linear array, curved
array or other arrays may be used. An acoustic window, not
shown, is disposed in the frontal portion 20 on the housing
16 adjacent to the transducer 12.

[0048] As noted above, the transducer 12 is electrically
coupled to the workstation 14 (FIG. 1) by a cable 20. It
should be noted that the transducer 12 might be wireless
coupled to the workstation 14 as described in U.S. Pat. No.
6,780,154 issued Aug. 24, 2004, inventors Hunt et al.,
assigned to the same assignee as the present invention, the
entire subject matter thereof being incorporated herein by
reference.

[0049] Referring now again to FIGS. 2A and 2B, it is
noted that the housing 16 of the transducer 12, and more
particularly the frontal portion 20 thereof having the array,
here a one or two-dimensional array, of transmitting and
receiving elements, not shown, is rectangular shaped, having
its longer dimension along a, here Y, or azimuthal axis, and
its shorter dimension along, here, the X, or elevation, axis,
as indicated. An axial Z axis is thus along the length of the
housing (i.e., an axis perpendicular to both the X and Y axes
to provide a conventional Cartesian coordinate system for
the transducer 12.

[0050] FIG. 4A shows the region of a scan of an image 30,
here a sonogram, produced by placing the transducer 12 at
one fixed position on the patient’s body, not shown. It is first
noted that the transducer 12 shown in FIG. 4A has a
one-dimensional array of the transmit/receive elements 19.
It is next noted that the image 30 is the Y-Z plane of the
transducer’s coordinate system described above in connec-
tion with FIGS. 2A and 2B. Here, for this one dimensional
array transducer we define the following directions of
motion impartable by the sonographer to the transducer 12:

[0051]
axis;

(1) a upward (U) motion is a motion along the -Z

[0052] (2) a downward (D) motion is a motion along the
+7, axis;
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[0053] (3) a leftward (L) motion is a motion along the -Y
axis; and

[0054] (4)arightward (R) motion is a motion along the +Y
axis.

[0055] FIG. 4B shows the region of a scan of an image 30
produced by a transducer 12 having a two dimensional array
of elements 19. It is noted that image 30' produced by this
two dimensional array transducer is a three-dimensional
image 30'. Here, for this two-dimensional array transducer,
we define the following directions of motion impartable by
the sonographer to the transducer 12:

[0056] (1) a forward (F) motion is a motion along the +X
axis;

[0057]
axis;

(2) a backward (B) motion is a motion along the -X

[0058] (3) a upward (U) motion is a motion along the -Z
axis;

[0059] (4) a downward (D) motion is a motion along the
+7. axis;

[0060] (5) aleftward (L) motion is a motion along the -Y
axis; and

[0061] (6) arightward (R) motion is a motion along the +Y
axis.

[0062] The ultrasound system 10 (FIG. 1) is capable of
displaying the image 30 in either orientation, (also U/D
inverted) it is simply an operator preference. A small sym-
bol, not shown, is displayed on the screen 22 which corre-
sponds to a physical notch, not shown, on the transducer 12
housing so the operator (and anyone viewing the images
later) can tell which way the image is oriented. In FIGS. 4A
and 4B the surface the patient, not shown, is in the X-Y
plane, and the Z axis is “into” the patient’s body.

[0063] It should be understood that, as is well known, the
term “Linear array” refers to a one-dimensional (1D) array
used to produce a “Linear” image, while a “Sector array” or
“Vector array” refers to a 1D array used to produce a
“Sector” image. The physical geometry of the transducers is
similar, but vector arrays tend to be smaller. The shape of the
image is determined by the way the systems controls the
electrical timing of the transmit and receive signals. A third
image format is the “Curved Linear” image, produced by a
linear transducer with a convex curve along the azimuthal
dimension of the transducer surface.

[0064] FIG. 5A shows of a motion of the transducer 12 by
the sonographer along the X-axis (i.e., a forward/backward
motion); FIG. 5B shows of a motion of the transducer 12 by
the sonographer along the Y-axis (i.e., a right (R)/Ieft (L)
motion; and, FIG. 5C shows of a motion of the transducer 12
by the sonographer along the Z-axis (i.e., an up (U)/down
(D) motion.

[0065] As noted above, the processor 21 (FIG. 3) detects
patterns of these X, Y and/or Z sonographer imparted
motions to provide controls to the workstation 14. The
invention consists of software and/or hardware to detect
patterns of transducer motion, and hardware and/or software
to map those patterns to the activation of system controls.
The detection of these sonographer’s imparted transducer
motions may be performed by hardware and/or software to
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detect patterns of change in real time images. When motion
is detected, the timing of the motion are be used to discrimi-
nate between motion intended to initiate control changes and
motion which occurs normally during scanning. As noted
above, patterns of direction are used to discriminate between
motion intended to initiate control changes and motion
which occurs normally during scanning. The combination of
timing and direction of transducer 12 motion changes are
used to discriminate between transducer motion intended to
initiate control changes and motion which occurs normally
during scanning.

[0066] More particularly, the Table I below and stored in
memory 36 (FIG. 3) provides an exemplary repertoire of
motions imparted to the transducer by the sonographer and
which are interpreted by data stored in a Table II below of
the memory 36, e.g., an EPROM, of the processor as
command, or control signals for the workstation. Thus, the
memory stores a table (TABLE I, below) mapping, in this
example 14 detectable motions of the transducer 12 each one
of the 14 motions (i.e., identified by the designations “ID1”
through “ID14”) corresponding to one of 14 command
signals for the workstation 14, as indicated in FIG. 6A. It is
noted that each one of the exemplary patterns 33 (FIG. 6A)
in TABLE 1 is different from merely changing the position
of the transducer 12 to obtain a different scan view. For
example, a sequence of a left flick of the wrist followed by
a right flick of the wrist is not the type of motion used to
merely change the scan view. Further, it is noted that each
pattern includes a sequence of at least two flicks of the wrist
(each pair of flick typically occurring in a second of time or
less). Still further, a single flick of the wrist, as shown by the
curve 33 in FIG. 6B may be used assuming it is fast
compared with the motion typically, or normally, used to
change transducer image position shown by the curve 31 in
FIG. 6A.

TABLE 1
ID Name Description

1 R-L The transducer is moved to the right, then back to the
original position

2 L-R Transducer moved to the left, then back to the original
position

3 R-L-R-L  Transducer moved to the right, back to the original
position, then back to the right and finally back
to the original position.

4 L-R-L-R  Transducer moved to the left, back to the original
position, then back to the left, and finally back
to the original position.

5 R-L-L-R  Transducer moved to the right, to the left past the
original position, then back right to the original
position.

6 L-R-R-L.  Transducer moved to the left, to ther right past the
original position, then back to the original position.

7 D-U Transducer moved down, then back up.

8 U-D Transducer moved up, then back down.

9 D-U-D-U Transducer moved down, then back up, then the motion
is repeated.

10 U-D-U-D  Transducer moved up, then back down, then the motion
is repeated.

11 R-D-U-L.  Transducer moved to the right, then down, then up,
then back to the original position

12 L-D-U-R  Transducer moved to the left, then down, then up,
then back right to the original position

13 R-L-D-U  Transducer moved to the right, left, down, and back
to the original position

14 L-R-D-U  Transducer moved to the left, right, down, and back

up to the original position.
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[0067]
TABLE 1I
ID Name User interface action
1 R-L Capture the image and store it in a patient database..
2 L-R Start capturing image data to a movie clip.
3 R-L-R-L.  Mouse Right click, bring up a menu.
4 L-R-L-R  Mouse double click, select a user interface object,
such as a menu item.
5 R-L-L-R  Invoke an on-screen cursor.
6 L-R-R-L Select the next measurement in a series of
measurements.
7 D-U Mouse left click
8 U-D Start automatic image gain adjustment

9 D-U-D-U  Start VCR recording
10 U-D-U-D  Stop VCR recording
Start a trace tool
Enter a calculation report screen
Go to the next stage in a defined exam protocol.
This may change a combination of imaging parameters,
stopwatch timers, image annotations, measurement
tools and calculation package measurements.
Display the next entry in a series of pre-defined image
annotation text strings.
Enter cine review playback
Start voice activation listening
Start voice annotation recording
Stop voice annotation recording

14 L-R-D-U

[0068] The motion detection (i.e., U, D, L and R) may be
performed in any one of a variety of ways. For example, the
detection of transducer motion may be done using decimated
image data; using Doppler Tissue Imaging, (FIG. 9) in
which dedicated hardware or software will average the
computed Doppler velocity and/or Doppler energy signals
from a sample set of echo information at a predetermined set
of image locations 91; or in a like manner but with the
predetermined set of image locations confined to the near-
field of the image, using a pair of micromachined acceler-
ometers 13, 17 (FIG. 2C) such as model series ADXL
manufactured by Analog Devices, Norwood, Mass., one
disposed within the housing 16 of the transducer 12 along
the Y axis, and other disposed along for example, either
along the X axis or the Z axis, as shown in FIG. 2C, a rate
gyro for sensing twisting or rolling motion of the wrist, such
a model series ADXRS manufactured by Analog Devices,
Norwood, Mass. or other motion-sensing device disposed
within the housing 16 of the transducer 12; or by a video
monitoring camera. Signals from the motion-sensing
devices mentioned above disposed within the housing 16 are
coupled from the transducer 12 to the workstation 14
through cable 15, or wireless. Another technique may
include mounting light emitting diodes to the transducer
body and having light detecting sensors fixed to the work-
station or examination room remote from the transducer.
One such system is manufactured by Northern Digital
(NDI), International Headquarters 103 Randall Drive Water-
loo, Ontario Canada N2V 1C5.

[0069] One technique used to detect transducer motion is
described in U.S. Pat. No. 6,162,174 entitled “Method for
compensating for object motion in ultrasound images”,
issued Dec. 19, 2000, inventor Friemel, assigned to the same
assignee as the present invention, the entire subject matter
thereof being incorporated herein by reference. While there
transducer motion is detected to remove image flicker, the
method included determining transducer motion. As noted
above, when motion is detected, the timing of the motion are
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be used to discriminate between motion intended to initiate
control changes and motion which occurs normally during
scanning. In addition, patterns of direction are be used to
discriminate between motion intended to initiate control
changes and motion which occurs normally during scanning.
The combination of timing and direction of transducer 12
motion changes are used to discriminate between transducer
motion intended to initiate control changes and motion
which occurs normally during scanning.

[0070] Referring now to FIG. 7, a flow diagram of one
method used herein to generate workstation commands from
sonographer imparted motions to the transducer is shown.

[0071] The scanner (i.e., scanning system) acquires image
data (Step 700). The processor 21 (FIG. 3) determines the
overall image motion vector (Step 702). If the determined
overall image movement vector is greater than a predeter-
mined threshold (i.e., the motion is consistent with the flick
of the sonographer’s wrist or a rapid up-down motion of the
transducer as distinguished from a motion consistent with
the sonographer merely changing the position of the trans-
ducer to obtain a different view of the region being observed
of the patient) the processor 21 acquires additional image
data and stores such data in RAM 34 (Step 704). It is noted
that, in general, the magnitude threshold filters out normal,
small movements of the sonographer’s hand, while the
pattern matching filters out normal movement to obtain a
different field of view. Further, one type of filter which may
be useful would be a high pass filter or differentiator to
produce an output signal related to the rate of change of the
motion, i.e. the slope of the curve shown in FIG. 6B. Thus,
referring to FIG. 6B, whenever the magnitude of the motion,
ie., the Y axis in this example, exceed a predetermined
threshold, or window 35, as in time region 37, a timer, not
shown, in the CPU 32 (FIG. 3) is activated. i.e., indicated as
“Timer started at first level crossing”. If a second motion
exceeding the motion limits is detected before the time
duration exceeds, a predetermined time duration window 37,
a command signal is recognized by the CPU 32. If a single
motion exceeds the motion threshold limits, but is not
followed by a second motion prior to the timer expiration,
the position limits will be reset to the current position.

[0072] Next, in Step 706, the processor 21 determines
additional overall image motion. This may be achieved by
the means described in one of the means (e.g., low pass
filter) described above. If the determined overall image
movement vector is greater than a predetermined threshold
(i.e., the motion is consistent with the sonographer’s inten-
tion to generate a control signal for the workstation 14), a
motion vector pattern is compared to pattern templates at
Step 708.

[0073] Now the process has determined a sequence of two
motions. This pattern is now fed to the memory-36 storing
TABLE I and the information is used by TABLE II also
stored in memory 36 (Step 710) to provide the correspond-
ing control signals to the workstation 14 (Step 712). Also,
the light and/or buzzer 27 is activated to provide a visual
and/or audible indication to the sonographer that the com-
mand has been completed.

[0074] A more detailed flow diagram is shown in FIG. 8,
which further includes FIGS. 8A and 8B. Again the scanner
acquires image data to generate an image (Step 800). The
processor 21 (FIG. 3) partitions the generated image 30, 30'
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into a plurality of segments, not shown, Step 802. For each
segment the processor 21 determines a movement vector,
not shown, Step 804. From the plurality of vectors, the
processor 21 determines the overall image motion vector,
not shown, Step 806. More details of Steps 802 through 806
are provided in the above-identified in U.S. Pat. No. 6,162,
174. Another technique to detect motion is to select a
number of strategic image segments, measure the Doppler
velocity or energy of each, and add up the velocity vectors.
If there is a moving structure in the body in one of the
segments, it will be averaged out by the other vectors and
produce a small vector, while if the transducer is moving, the
sum of the vectors will be relatively large. One possible
placement of the image segments used to detect transducer
motion is a selection of image segments in the near-field of
the image, as shown in FIG. 10. Such a placement minimizes
the effect of normal motion of organs within the body
causing false transducer motion detection.

[0075] If the determined overall image movement vector
is greater than a predetermined threshold (i.e., the motion is
consistent with the flick of the sonographer’s wrist or a rapid
up-down motion of the transducer as distinguished from a
motion consistent with the sonographer merely changing the
position of the transducer to obtain a different view of the
region being observed of the patient), the processor 21
acquires additional image data and the processor starts a
timer, not shown, in the CPU 32 (FIG. 3), Step 808.

[0076] Again the scanner acquires image data to generate
an image 30, 30', Step 810. The processor 21 partitions the
generated image into a plurality of segments, not shown, for
each segment the processor determines a movement vector,
and from the plurality of vectors, the processor determines
the overall image motion vector, Step 812.

[0077] If the determined overall image movement vector
is greater than a predetermined threshold (i.e., the motion is
consistent with the flick of the sonographer’s wrist or a rapid
up-down motion of the transducer as distinguished from a
motion consistent with the sonographer merely changing the
position of the transducer to obtain a different view of the
region being observed of the patient), and the timer has not
expired, i.e., the overall motion has not exceeded a prede-
termined time, (i.e., the processor 21 has determined a
sequence of two motions, the processor 21 compares the
motion vector to the vectors stored in TABLE I and the
information from TABLE 1 is used by TABLE II, Step 816
to provide the corresponding control to the workstation Step
818. Also, the light and/or buzzer 27 is activated to provide
a visual and/or audible indication to the sonographer that the
command has been completed.

[0078] It should be noted that the method described above
compares types of motions imparted by the operation. Fur-
ther, the method described above compares imparted motion
with a level threshold. Still further, the method described
above compares imparted motion with a time duration
threshold. Thus, the method described above comprises
detecting patterns of motion of the transducer, and convert-
ing the patterns to the control signals. The detection is
performed by detecting patterns of change in real time
images and/or real time Doppler frequency shift information
provided by the system. Further, timing of the motion is used
to discriminate between motion intended to provide the
control signals and motion normally occurring during scan-
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ning. It should be understood that patterns of direction of the
transducer motion may used to discriminate between motion
intended to provide the control signals and motion normally
occurring during scanning. Likewise, timing of the motion is
used to discriminate between motion intended to provide the
control signals and motion normally occurring during scan-
ning, or a combination of timing and direction may be used
for such discrimination.

[0079] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from
the spirit and scope of the invention. For example, other
commands may be used such as, for example: The operator
may press the transducer slightly down and back up to the
original position. The detection of this may be mapped to the
action of moving to the next step in a protocol driven exam;
the operator may move the transducer slightly left and back
right to the original position. This may be mapped to
pressing the image store key; the operator may move the
transducer slightly left and back right to the original posi-
tion. This may be mapped to increasing the image depth. The
operator may remove the transducer from the patient and
re-apply it causing the current calculation package to
advance to the next measurement. The operator may move
the transducer back and forth twice in a “double-wiggle or
flick” motion, then stop. This could be mapped to starting or
stopping a clip store. Any of the above motions or any
detectable intentional motion could be mapped to any desir-
able operator action or set of actions. Any of the above
motions or any detectable intentional motion could be used
to start/stop voice control listening. Any of the above
motions or any detectable intentional motion could be used
to step through a sequence of preset imaging control sets. In
combination with some starting action, the motion of the
transducer in one axis could be mapped to adjusting the
value of a control over a given range. In combination with
some starting action, the motion of the transducer in two
different axes could be mapped to adjustment of two control
values over two given ranges. In combination with some
starting action, detection of image change on two axis could
be mapped to the movement of an on screen cursor used to
interact with on-screen control elements. Moving the trans-
ducer in the third axis could be mapped to selections of the
control the cursor is over. Further, while the embodiments
described above used an ultrasonic handheld imaging trans-
ducer, the methods described above may be applied to other
types of handheld imaging transducers. Further, other posi-
tionable transducers such robotically, or remotely movable
transducers may be used. Accordingly, other embodiments
are within the scope of the following claims.

[0080] In addition to patterns of transducer motion while
the transducer is on the patient body, sequences of trans-
ducer motion on and off of the body, or motions of the
sonographer tapping on the transducer face with a finger or
other object may also be used to trigger command signals.
When used in this manner, the transducer surface area may
be divided into a number of control regions, each region
having a different control signal meaning. The length of time
of a tap on the transducer face (or head) or the position of
the tap on the transducer face (or head) can be used to
distinguish different tap types, allowing a binary (or greater)
encoding of control signals meanings. For example, two taps
on the left end of the transducer followed by one tap on the
right can map to selecting a specific exam type. This
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embodiment allows for the triggering of commands without
the sonographer having to remove the transducer from the
patient, which would disrupt the exam.

[0081] When a sonographer picks the transducer and intro-
duces a finger or palm as a reflective body, the system will
interpret this reception, which exceeds a predefined thresh-
old level, as a signal to activate the color. If one desires, one
may further elaborate on this kind of binary encoding to
include sequences of free-space and solid-body signals into
a Morse logic. Furthermore, the transducer surface area may
be divided into N regions to simulate an N part touch sensor
to enhance its user-interface capabilities.

[0082] Table III shows an exemplary two region trans-
ducer and some command signals that are map-able to
particular motions on the transducer.

TABLE III
Action Region 1  Region 2 Command Signal
Lift the transducer No touch  No touch System is prepared for
command mode
Lifted transducer Touch No touch Command 1
Lifted transducer Touch Touch Command 2
Lifted transducer No touch  Touch Command 3

[0083] Another embodiment of employing a transducer as
user-interface is the employment of a calibrated passive
substrate comprised of a specific map of echo signatures.
This substrate can be a strip of material that is placed near
the patient or worn by the sonographer in such a way that the
movements of the transducer are minimized. A reception of
a distinct signature can signify a desired state and trigger a
state change, e.g., the start or stop of an ultrasound exam. A
transition between distinct signatures by the movement of
the transducer over adjacent parts of the substrate can
encode parameter quantity changes. The acceleration of this
transition may further signify the magnitude of that quantity
change. Table IV illustrates an example of scanning a
substrate or material other than a patient with a transducer to
trigger a command signal or input data.

TABLE IV
Action Substrate Command
Lift the transducer No contact System is prepared for
command mode
Lifted transducer Placed on MO Command 1 (Open Study
substrate Utility Page)
Lifted transducer Placed on Network Command 2 (Output study
Cable data to storage media or
network)

[0084] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.

What is claimed is:

1. A method for providing an operational command signal
to a workstation of an imaging system, said workstation
being provided imaging data from a positionable transducer,
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comprising: converting at least one of a predetermined
plurality of motion patterns imparted by an operator of the
system to the transducer into said operational command
signal.

2. The method of claim 1 wherein said converting com-
prises:

detecting said at least one motion pattern; and

converting said at least one motion pattern into said

operational command signal.

3. The method of claim 2 wherein said detecting com-
prises comparing a sequence of images formed by the
system.

4. The method of claim 3 further comprising determining
from the sequence of images whether motion imparted to the
transducer was either a repositioning of the transducer to
produce a different image to be observed by the operator or
a motion imparted to produce the command signal to the
workstation.

5. The method of claim 4 wherein said determining
includes comparing types of motions imparted by the opera-
tion.

6. The method of claim 4 wherein said determining
includes comparing imparted motion with a level threshold.

7. The method of claim 4 wherein said determining

includes comparing imparted motion with a time duration
threshold.

8. The method of claim 4 wherein said determining
includes comparing imparted motion with an acceleration
threshold.

9. A method for providing control signals to a workstation
of an imaging system, said workstation being provided
imaging data from a positionable transducer, comprising
detecting patterns of motion of the transducer, and convert-
ing said patterns to said control signals.

10. The method of claim 9 wherein the detection is
performed by detecting patterns of change in real time
images provided by the system.

11. The method of claim 10 wherein when motion is
detected, timing of the motion is used to discriminate
between motion intended to provide the control signals and
motion normally occurring during scanning.

12. The method of claim 9 wherein patterns of direction
of the transducer motion is used to discriminate between
motion intended to provide the control signals and motion
normally occurring during scanning.

13. The method of claim 11 wherein patterns of direction
of the transducer motion is used to discriminate between
motion intended to provide the control signals and motion
normally occurring during scanning.

14. The method of claim 4 wherein said motion is
imparted by tapping on a transducer face rather than moving
said transducer.

15. The method of claim 5 wherein said transducer face is
divided into a number of regions, each of said regions
corresponding to a distinct map-able control signal.

16. An imaging system comprising:
a workstation;

a positionable transducer for providing imaging data to
the workstation;
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wherein said workstation responds to operational com-
mand signals; and

wherein the workstation includes a memory for storing a
table mapping detected motion of the transducer into
said command signals.

17. The system of claim 16 wherein said workstation
includes a processor programmed to detect at least one of a
predetermined plurality of motion patterns and convert said
detected at least one motion pattern into said operational
command signal.

18. The system of claim 17 wherein said detecting com-
prises comparing a sequence of images formed by the
system.

19. The system of claim 18 wherein the processor is
programmed to determine from the sequence of images
whether the motion imparted to the transducer was either a
repositioning of the transducer to produce a different image
to be observed by the operator or a motion imparted to
produce the command signal to the workstation.

20. The system of claim 18 wherein said determining
includes comparing types of motions imparted by the opera-
tion.

21. The system of claim 18 wherein said determining
includes comparing imparted motion with a level threshold.

22. The system of claim 18 wherein said determining

includes comparing imparted motion with a time duration
threshold.

23. The system of claim 16 wherein the transducer has
deposed within a housing thereof motion sensors.

24. The system of claim 16 therein wherein motion of the
transducer is sensed by sensors remote from the transducer.
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25. An imaging system comprising:
a workstation;

a positionable transducer for providing imaging data to
the workstation;

wherein said workstation responds to control signals; and

wherein the workstation includes a processor for detecting
patterns of motion of the transducer, and converting
said patterns to said control signals.

26. The system of claim 25 wherein the detection is
performed by detecting patterns of change in real time
images provided by the system.

27. The system of claim 26 wherein when motion is
detected, timing of the motion is used to discriminate
between motion intended to provide the control signals and
motion normally occurring during scanning.

28. A method for providing an operational command
signal to a workstation of an imaging system comprising:

converting at least one predetermined motion imparted by
an operator of said system to at least one of a prede-
termined region of interest on a surface of a transducer
into said operational command signal, wherein said
surface of said transducer is partitioned into a plurality
of said predetermined regions of interest.

29. A method for providing an operational command

signal to a workstation of an imaging system comprising:

converting an echo signature of a substrate into said
operational command signal, wherein said echo signa-
ture is generated upon contact of said substrate with a
transducer.
30. The method of claim 29 wherein said substrate is worn
by a sonographer.
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STERILE NETWORKED INTERFACE FOR
MEDICAL SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of U.S.
Provisional Patent Application No. 61/159,793 filed Mar. 12,
2009, the entire contents of which are hereby incorporated by
reference. This application also incorporates by reference the
following Utility Applications:

FIELD

[0002] The present embodiments ofthe invention generally
relate to the field of hospital systems, more particularly medi-
cal device data processing and control.

BACKGROUND

[0003] As data becomes more readily available in hospitals
and clinics, doctors and patients have more information to
process. Computer systems and medical devices provide an
interface which allows them to retrieve, interpret and display
the information. In the operating room environment, com-
puter systems are generally outside the surgical field and
operated by a technician. Electronic surgical tools are provid-
ing the surgeon with new means for performing surgery.
Although the medical devices may communicate with the
computer system there still lacks an intuitive user interface
which allows the surgeon to retrieve information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The features of the embodiments of the invention,
which are believed to be novel, are set forth with particularity
in the appended claims. Embodiments of the invention,
together with further objects and advantages thereof, may
best be understood by reference to the following description,
taken in conjunction with the accompanying drawings, in the
several figures of which like reference numerals identify like
elements, and in which:

[0005] FIG.1A is an exemplary illustration of an operating
room system configured for touchless user interface control
according to one embodiment;

[0006] FIG. 1B is an exemplary illustration of a sensory
device for processing touchless movements and gesture con-
trol according to one embodiment;

[0007] FIG. 1C is an exemplary illustration of a sterile
networked interface system according to one embodiment;
[0008] FIGS. 2A and 2B are exemplary illustrations for
user interface calibration according to one embodiment;
[0009] FIG. 3A is an exemplary depiction for touchless
user interface scrolling according to one embodiment;
[0010] FIGS. 4A and 4B are exemplary depictions for
touchless user interface gesture controls according to one
embodiment; and

[0011] FIG. 5 is an exemplary depiction for touchless user
interface image analysis and feedback according to one
embodiment.

DETAILED DESCRIPTION

[0012] While the specification concludes with claims
defining the features of the invention that are regarded as
novel, it is believed that the invention will be better under-
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stood from a consideration of the following description in
conjunction with the drawing figures, in which like reference
numerals are carried forward.

[0013] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention, which can be embodied in various forms. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
basis for the claims and as a representative basis for teaching
one skilled in the art to variously employ the present invention
in virtually any appropriately detailed structure. Further, the
terms and phrases used herein are not intended to be limiting
but rather to provide an understandable description.

[0014] The terms a or an, as used herein, are defined as one
ormore than one. The term plurality, as used herein, is defined
as two or more than two. The term another, as used herein, is
defined as at least a second or more. The terms including
and/or having, as used herein, are defined as comprising (i.e.,
open language). The term coupled, as used herein, is defined
as connected, although not necessarily directly, and not nec-
essarily mechanically. The terms program, software applica-
tion, and the like as used herein, are defined as a sequence of
instructions designed for execution on a computer system. A
program, computer program, or software application may
include a subroutine, a function, a procedure, an object
method, an object implementation, an executable application,
a source code, an object code, a shared library/dynamic load
library and/or other sequence of instructions designed for
execution on a computer system or embedded electronic
device.

[0015] FIG. 1A shows an exemplary sterile networked
interface in an operating room environment comprising a
touchless sensing device 100 and a data processing system
104 display. The sensing device 100 permits the surgeon a
sterile user interface for interacting and viewing operational
data, processing medical information, and viewing surgical
tool functionality. It may be positioned 1-2 feet within reach.
It can also be placed farther out of the sterile field. As will be
described ahead, the touchless sensing device 100 in various
embodiments permits the surgeon the ability to scroll, select,
rotate and save data via touchless gestures, and in certain
embodiments, update operational tool parameters in accor-
dance with a predetermined work flow. Although shown as a
separate unit, the touchless sensing device 100 can be con-
figured peripheral to the display or positioned above. One
example of an arrangement is disclosed in U.S. patent appli-
cation Ser. No. 11/683,416, the entire contents of which are
hereby incorporated by reference. The touchless sensing
device 100 can comprise infrared sensors, ultrasonic sensors,
camera elements or a combination thereof as therein speci-
fied.

[0016] FIG. 1B is an exemplary illustration of the compo-
nents of the touchless sensing device 100 according to one
embodiment. The sensing device 100 can include a transmit-
ter 112, three or more receivers 122 (at the corners), a Digital
Signal Processor (DSP) 110 to process sensory information
from the receivers 122, a communications module (e.g., Blue-
Tooth, ZigBee, or other IEEE protocol), a memory 120, and
one or more analog to digital converters and digital to analog
converters 118. Operation of the touchless sensing unit in
various configurations for achieving touchless sensing are
disclosed in the following U.S. patent applications, all of
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which are hereby incorporated by reference in their entirety:
11/559,295; 11/559,325; 11/562,404; 12/146,445.

[0017] The touchless sensing device 100 in the configura-
tion shown includes an optical camera element 117 to image
an anatomical feature in the sterile field, an ultrasonic trans-
ducer 112 to measure a distance to the anatomical feature that
is associated with the physical variable, and an accelerometer
121 for identifying an axial tilt and movement. This informa-
tion can be used by the data processing system in accordance
with touchless user input to report proper use and orientation
of'the surgical tool. As one example, the processor configures
one or more of its operational parameters responsive to ana-
lyzing the anatomical feature of interest and determining a
proper working angle from the orientation.

[0018] FIG. 1C is a diagrammatic illustration of an exem-
plary sterile networked interface system. The sterile net-
worked interface system comprises a hand-held surgical tool
139 used within a sterile field during surgery, a touchless
interface 140, and a data processing system 104 outside the
sterile field and wirelessly coupled to the surgical tool. The
surgical tool comprises a sensor 130 for sensing a physical
variable related to the surgery, a wireless communication unit
134 to transmit the physical variable, and a battery 139 for
powering the hand-held surgical tool. It is not limited to these
features and may include other components of a surgical tool,
for example, a processor 132 a user interface 116 and asso-
ciated memory 138. It can also include a drill, a saw, a rotor,
a stator or other mechanical hardware. The data processing
system 150 receives the physical variable and orientation
information reported from and related to the hand-held sur-
gical tool during the surgery.

[0019] The surgical tool 139 communicates a physical vari-
able associated with the surgical procedure to the data pro-
cessing system 104 responsive to the sensing unit 110 detect-
ing a touchless gesture control and predetermined orientation
of the surgical tool 109. The sensing unit 141 (see processor
114 of FIG. 1B) detects touchless gestures of re-centering,
accelerated movements, left-right movements, up-down
movements, and zoom in and out movements. Touchless fin-
ger pointing and hand gestures control aspects of a user inter-
face presented through the data processing system 104.
Aspects of touchless sensing are disclosed in issued U.S. Pat.
No. 7,620,316 which is incorporated by reference in its
entirety.

[0020] Inanother configuration, the hand-held surgical tool
139 includes the touchless sensing device as the user interface
component 136 thereon for use within a sterile field during
surgery. The hand-held surgical tool 139 comprises the sensor
130 for sensing a physical variable related to the surgery, the
wireless communication unit 134 to transmit the physical
variable, the battery 137 for powering the hand-held surgical
tool. The touchless sensing unit on the hand-held surgical tool
identifies a location and movement of a finger or hand gesture,
and the processor 132 communicates the physical variable
from the hand-held surgical tool 139 to the data processing
system 150 responsive to the touchless gesture control and
predetermined orientation of the surgical tool. The hand-held
surgical tool 139 sends physical variable and orientation
information to the data processing system 150 outside the
sterile field that is wirelessly coupled to the surgical tool, and
that provides operative directives back to the surgical tool for
performing a work flow procedure of the surgery based on the
physical variable and orientation.
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[0021] The touchless user interface 150 comprises a sens-
ing unit 141 for identifying a location and movement of a
finger or hand gesture; a processor to operate display infor-
mation for touchless sensing, touchless image scrolling,
selection, and saving, touchless gesture controls, and touch-
less image rotation; and a communications interface 142 for
sending the location and movement to a display of the data
processing system for controlling a user interface of the hand-
held surgical tool. The data processing system 150 can
include a processor 151, a memory 152, a wireless unit 153
and user interface 154. The touchless sensing device 100
provides 1) display calibration for touchless sensing, 2)
touchless thumbnail Scrolling, 3) touchless gesture controls,
4) touchless image rotation, 5) small vowel recognition
vocabulary for enhanced interface control, and 6) pointing to
image features with drag & drop labeling.

[0022] One aspect of range detection and positioning deter-
mination as described below are disclosed in issued U.S. Pat.
No. 7,414,705 which is incorporated by reference in their
entirety. As one particular example, the sensor comprises a
pulse shaper for producing a pulse shaped signal, the pulse
shaped signal intended for reflecting off an anatomical feature
to produce a reflected signal, wherein at least one portion of
the pulse shaped signal is at least one among a frequency
modulated region, constant frequency region, phase modu-
lated region, and a chirp region, a phase detector for receiving
and identifying a relative phase of the reflected signal with
respect to a previously received reflected signal, and a pro-
cessor operatively coupled to the pulse shaper for receiving
the reflected signal, tracking a location and amovement of the
hand-held surgical tool from an estimated arrival time of the
reflected signal and the relative phase, and providing the
physical variable to a user interface control in accordance
with the location and the movement of the hand-held surgical
tool. The processor estimates the location of the first object
from a frequency modulated region of the reflected signal,
and a velocity of the first object from the relative phase from
a continuous frequency region of the reflected signal and
responsive to a touchless gesture control and predetermined
orientation of the surgical tool communicates the physical
variable from the hand-held surgical tool to the data process-
ing system.

[0023] FIGS. 2A and 2B shows exemplary calibration steps
for setting up the touchless sensing device 100. The device is
calibrated to the display based on the finger range of motion.
That is, the dimensions of the touchless sensing space are
mapped to the display. For instance, a 6 in left and 6 in right
motion (12 inch horizontal span) is mapped to the 30-50 inch
wide display range. A 4 in up and 4 in down motion (8 inch
vertical span) is mapped to the 20-30 inch display height since
screen is rectangular and vertical arm movement may require
more lifting (fatiguing) motion. The touchless sensing device
100 can also be used in conjunction with a hand-held device
such as a wireless pointer in addition to the previously shown
hand-held drill. As illustrated the surgeon pauses finger/hand,
then moves finger/hand left and right for desired full range of
arm/hand motion. Sensors can also be included in a surgical
glove to provide further gesture functionality. The dual bars
open during the jitter motion to visually identify the mapped
horizontal boundaries. Similarly during height calibration
dual bars are shown opening during a left-right jitter motion
to visually identify a mapped horizontal boundaries.

[0024] In another embodiment, the touchless sensing unit
can be configured for touchless interface control and range
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detection. In either configuration the sensor identifies a loca-
tion and movement of a finger or hand gesture, and the com-
munications interface sends the location and movement to a
display device of the data processing system for controlling
one or more parameters of the surgical tool 139 by way of the
touchless user interface 150. The touchless sensing unit com-
municates a physical variable captured during a surgical pro-
cedure from the surgical tool to the data processing system for
presentation in the display responsive to a touchless gesture
control and predetermined orientation of the surgical tool. As
one example, the user pauses the surgical tool 139 at a certain
angle and with the other hand points to the screen. The accel-
erometer identifies an axial tilt and movement. The processor
references the orientation of the hand-held surgical tool with
respect to a coordinate system established by the anatomical
feature position, tilt and movement. The interface isolates and
displays a point of interest, for example, an anatomical fea-
ture of the patient according to an orientation of the surgical
tool. The surgical tool can capture an image of and a distance
to the anatomical feature which is reported on the display.
Surgical feedback provided via the touchless user interface
can then be used to set one or more parameters of the surgical
tool 139 for updating the work flow. The sensor can be opera-
tively coupled to the surgical tool. In another embodiment the
sensor is operatively coupled to the data processing system
apart from the tool. As another example, the processor 114
references the orientation of a hand-held surgical tool with
respect to the anatomical feature, distance, tilt and movement.
The data processing system 150 provides operative directives
to the surgical tool in accordance with a predetermined work
flow that takes into account the physical variable.

[0025] FIGS. 3A and 3B shows a thumbnail scrolling user
interface on the screen 300. The screen can include a variable
or fixed number of thumbnail images 302 on the top row. To
refresh more images, surgeon can re-center (1) the finger once
its pointed to the far left or right of reach. As another example,
the system can have 10 thumbnail images 302 in a buffer, but
only show 5 at a time, where the entire 10 images are mapped
to the surgeon’s full horizontal hand motion to permit scroll-
ing of the 10 images. The active image (the one pointed too)
can have a colored box outline for example. Thatimage can be
actively displayed in the lower left corner 304 as the surgeon
fingers across (scrolls 2) thumbnail images. The surgeon can
disengage (3) via retracted finger movement or voice com-
mand.

[0026] One example method of thumbnail scrolling five (5)
thumbnail images fixed on the display, includes method steps
where the surgeon raises and centers finger/hand and pauses
for a brief moment (e.g., 1 second) in front of the touchless
sensing device 100 to indicate readiness, a border 302 will be
displayed indicating touchless control acquired. The surgeon
moves their finger/hand left or right to scroll through images.
An actively selected image will be outlined by border box and
will enlarge in (e.g., left main) display area. The surgeon
retracts finger/hand to disengage touchless control, which
leaves active image enlarged. Alternatively, surgeon can say a
word to disengage (exit) touchless control via voice recogni-
tion applications. One example of voice recognition com-
bined with touchless sensing is disclosed in U.S. patent appli-
cation Ser. No. 12/120,654, the entire contents of which are
hereby incorporated by reference.

[0027] FIGS. 4A and 4B show exemplary touchless gesture
controls for the user interface on the screen 400. To select an
image the surgeon can perform a brief up/down (~1 inch)
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finger motion. In an alternate configuration, the surgeon can
do brief right->re-center movements to scroll to the right, and
left->re-center movements to scroll left, so the hand can
remain sufficiently centered. A simple voice command can be
used to start touchless gesture controls, to override touchless
control for image thumbnail scrolling as shown. The 3D
location at which the surgeon re-centers the finger-hand can
establish the reference zoom plane. The surgeon can slowly
move the finger forward (in) to zoom in. Then, the surgeon
can slowly move finger back to zoom-out back to the refer-
ence zoom plane.

[0028] One example method of gesture control comprises
steps where the surgeon jitters the finger/hand up and down to
select the image. The thumbnail border turns green and
flashes to indicate a waiting state. The surgeon then re-centers
and pauses the finger/hand in front of touchless sensing
device 100 to acquire gesture control (e.g., thumbnail border
then stops flashing and turns solid green indicating ready)
Re-centering is also the motion required if the surgeon pre-
viously disengaged iPoint control. As one example, the sur-
geon speaks a voice command to start touchless navigation/
zoom, and can then move up/down/left/right to navigate
image in conjunction with inward pointing movement to
zoom-in on image. (Zoom-out is permitted after zoom-in).
[0029] Means for operation of the touchless sensing unit for
gesture control and user interfaces are disclosed in the fol-
lowing U.S. patent applications, all of which are hereby incor-
porated by reference in their entirety: 11/562,413;11/566,
137; 11/566,148; 11/566,156; 11/683,410; 11/683,412;
11/683,413; 11/683,415 and 11/683,416.

[0030] An accelerated retracting finger movement (or voice
command) can disable (exit) touchless control thereby tem-
porarily locking the image at the zoom-level and position just
prior to the accelerated retracted finger movement. This
releases touchless control and permits the surgeon to continue
the medical procedure. In order to enable and re-engage
touchless control, the surgeon can center and pause the finger/
hand in front of the iPoint again. A thumb motion on the same
hand an also be performed for control (an action similar to
mimicking a thumb trigger). The 3D location at which the
surgeon re-centers the finger-hand establishes the reference
zoom plane. The surgeon can slowly move the finger forward
(in) to zoom in. Then, the surgeon can slowly move finger
back to zoom-out back to the reference zoom plane.

[0031] An accelerated retracting finger movement can dis-
able touchless control thereby temporarily locking the image
at the zoom-level and position just prior to the accelerated
retracted finger movement. This releases touchless control
and permits the surgeon to continue the medical procedure. A
thumb motion on the same hand can alternatively signal the
image lock instead of the accelerated retracting movement).
To enable and re-engage touchless control, the surgeon can
center and pause the finger/hand in front of the sensing device
100 again. Voice commands can also be used in conjunction
with drag and drop labeling. The surgeon can select labels
from a user interface 306 which can then be dragged to
anatomical features on the image 304.

[0032] FIG. 5 shows an exemplary touchless user interface
application for image rotation. Upon selecting an image 502,
then displayed in a larger window 504, the surgeon can speak
a voice command 506 such as “rotate”, to commence touch-
less rotation controls. The surgeon can then perform touch-
less clockwise and counter clockwise finger motions to rotate
the image. The touchless sensing device 100 translates the
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finger motions to image translations that rotate the image. The
ipoint can identify a finger (or hand) pause to stop rotation and
lock to the current rotation to permit surgeon to retract hand.
Rotation controls include voice recognition, circular finger
motions, and forward and retracting hand motions.

[0033] Means for operation of the touchless sensing unit to
detect scrolling, gestures and rotations for controlling user
interfaces are disclosed in the following U.S. patent applica-
tions, all of which are hereby incorporated by reference in
their entirety: 11/839,323; 11/844,329; 11/850,634; 11/850,
637, 11/930,014; 11/936,777; 11/936,778; 12/050,790;
12/099,662 and 12/120,654

[0034] The illustrations of embodiments described herein
are intended to provide a general understanding of the struc-
ture of various embodiments, and they are not intended to
serve as a complete description of all the elements and fea-
tures of apparatus and systems that might make use of the
structures described herein. Many other embodiments will be
apparent to those of skill in the art upon reviewing the above
description. Other embodiments may be utilized and derived
therefrom, such that structural and logical substitutions and
changes may be made without departing from the scope of
this disclosure. Figures are also merely representational and
may not be drawn to scale. Certain proportions thereof may
be exaggerated, while others may be minimized. Accord-
ingly, the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense.

[0035] Such embodiments of the inventive subject matter
may be referred to herein, individually and/or collectively, by
the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have
been illustrated and described herein, it should be appreciated
that any arrangement calculated to achieve the same purpose
may be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the art
upon reviewing the above description.

What is claimed is:

1. A sterile networked interface system comprising

a hand-held surgical tool used within a sterile field during
surgery, the surgical tool comprising:

a sensor for sensing a physical variable related to the
surgery;

a wireless communication unit to transmit the physical
variable; and

a battery for powering the hand-held surgical tool;

a data processing system outside the sterile field wirelessly
coupled to the surgical tool for receiving the physical
variable and orientation information reported from and
related to the hand-held surgical tool during the surgery;
and

a touchless interface that responsive to a touchless gesture
control and predetermined orientation of the surgical
tool communicates the physical variable from the hand-
held surgical tool to the data processing system.

2. The sterile networked interface of claim 1 where the

touchless user interface comprises:

a sensing unit for identifying a location and movement of a
finger or hand gesture; a processor to operate display
information for:
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touchless sensing,

touchless image scrolling, selection, and saving;
touchless gesture controls, and

touchless image rotation; and

a communications interface for sending the location and
movement to a display of the data processing system for
controlling a user interface of the hand-held surgical
tool.

3. The sterile networked interface of claim 2, where the
processor detects touchless gestures of re-centering, acceler-
ated movements, left-right movements, up-down movements,
and zoom in and out movements.

4. The sterile networked interface of claim 1 where the
sensor includes

an optical camera element to image an anatomical feature
in the sterile field;

an ultrasonic transducer to measure a distance to the ana-
tomical feature that is associated with the physical vari-
able;

and, an accelerometer for identifying an axial tilt and
movement; where the processor references the orienta-
tion of the hand-held surgical tool with respect to the
anatomical feature, distance, tilt and movement.

5. The sterile networked interface of claim 3 where the data
processing system provides operative directives to the surgi-
cal tool in accordance with a predetermined work flow that
takes into account the physical variable.

6. A hand-held surgical tool suitable for use within a sterile
field during surgery, the surgical tool comprising:

a sensor for sensing a physical variable related to the sur-

gery;

a wireless communication unit to transmit the physical
variable;

a battery for powering the hand-held surgical tool;

a touchless sensing unit on the hand-held surgical tool for
identifying a location and movement of a finger or hand
gesture; and

a processor to communicates the physical variable from the
hand-held surgical tool to a data processing system
responsive to the touchless gesture control and predeter-
mined orientation of the surgical tool.

7. The hand-held surgical tool of claim 6 sends the physical
variable and orientation information to the data processing
system outside the sterile field that is wirelessly coupled to the
surgical tool, and that provides operative directives back to
the surgical tool for performing a work flow procedure of the
surgery based on the physical variable and orientation.

8. The hand-held surgical tool of claim 6, where the sensor
includes

an optical camera element to image an anatomical feature
in the sterile field;

an ultrasonic transducer to measure a position of the ana-
tomical feature relative to the hand-held surgical tool
that is associated with the physical variable;

and, an accelerometer for identifying an axial tilt and
movement; where the processor references the orienta-
tion of the hand-held surgical tool with respect to a
coordinate system established by the anatomical feature
position, tilt and movement.

9. The hand-held surgical tool of claim 6, where the sensor

comprises:

a pulse shaper for producing a pulse shaped signal, the
pulse shaped signal intended for reflecting off an ana-
tomical feature to produce a reflected signal, wherein at

Exhibit 1002 page 772 of 1005
DENTAL IMAGING



US 2010/0231509 Al Sep. 16, 2010

5
least one portion of the pulse shaped signal is at least one system for controlling one or more parameters of a
among a frequency modulated region, constant fre- surgical tool by way of a touchless user interface,
quency region, phase modulated region, and a chirp where the touchless sensing unit communicates a physi-
region; cal variable captured during a surgical procedure from

a phase detector for receiving and identifying a relative the surgical tool to the data processing system for
phase of the reflected signal with respect to a previously presentation in the display responsive to a touchless
received reflected signal, and gesture cqntrol of the ﬁnger or hand movement and

. predetermined orientation of the surgical tool.

a processor op eratively Cqup]ed fo the pulse shaper for 12. The touchless sensing unit of claim 11, where the
receiving the reflected signal, tra'cklng a location and a sensor is operatively coupled to the data processing system.
movement of Fhe hand-held surglcfil tool from an esti- 13. The touchless sensing unit of claim 11, where the
mated arrival time of the reflected signal and the relative sensor is operatively coupled to the surgical tool.
phase, and providing the physical variable to a user 14. The touchless sensing unit of claim 11, comprising
interface control in accordance with the location and the a wireless communication unit to transmit the physical
movement of the hand-held surgical tool, variable; and

wherein the processor estimates the location of the first a battery for powering the hand-held surgical tool.

Ob_] ect from a ﬁ'equency modulated region of the 15. The touchless sensing unit of claim 11, where the
reflected signal, and a velocity of the first object from the sensor mf:ludes . i

relative phase from a continuous frequency region of the an optical camera element to image an anatomical feature
reflected signal and responsive to a touchless gesture in the steple field; .

control and predetermined orientation of the surgical an ultrasonic transducer to measure a position of the ana-

tool communicates the physical variable from the hand- tomical feature relative to the hand-held surgical tool

held surgical tool to the data processing system. that is associated with the physical variable;

10. The hand-held surgical tool of claim 6, where the and, an accelerometer for identifying an axial nl.t and

’ movement; where the processor references the orienta-

tion of the hand-held surgical tool with respect to a

coordinate system established by the anatomical feature
position, tilt and movement.

16. The touchless sensing unit of claim 10, where a display
of the data processing system during width calibration shows
dual bars open during a left-right jitter motion to visually
identify a mapped horizontal boundaries, and during height

processor configures one or more of its operational param-
eters responsive to analyzing the anatomical feature of inter-
est and determining a proper working angle from the orien-
tation.

11. A touchless sensing unit configurable for touchless
interface control and range detection, the touchless sensing
unit comprising:

a sensor for identifying a touchless location and movement calibration shows dual bars open during an up-down jitter
of a finger or hand gesture; and motion to visually identify a mapped vertical boundaries
acommunications interface for sending the location and

movement to a display device of a data processing woOR R kK
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APPARATUS FOR CARIES DETECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Reference is made to commonly-assigned copend-
ing U.S. application Ser. No. 11/262,869, filed Oct. 31,
2005, entitled METHOD FOR DETECTION OF CARIES,
by Wong et al.; U.S. application Ser. No. 11/408,360, filed
Apr. 21, 2006, entitled OPTICAL DETECTION OF DEN-
TAL CARIES by Wong et al.; and U.S. patent application
Ser. No. , filed herewith, entitled LOW COHER-
ENCE DENTAL OCT IMAGING, by Liang et al., the
disclosures of which are incorporated herein.

FIELD OF THE INVENTION

[0002] This invention generally relates to methods and
apparatus for dental imaging and more particularly relates to
an apparatus for caries detection using fluorescence and
scattering.

BACKGROUND OF THE INVENTION

[0003] In spite of improvements in detection, treatment,
and prevention techniques, dental caries remains a widely
prevalent condition affecting people of all age groups. If not
properly and promptly treated, caries can lead to permanent
tooth damage and even to loss of teeth.
[0004] Traditional methods for caries detection include
visual examination and tactile probing with a sharp dental
explorer device, often assisted by radiographic (x-ray) imag-
ing. Detection using these methods can be somewhat sub-
jective, varying in accuracy due to many factors, including
practitioner expertise, location of the infected site, extent of
infection, viewing conditions, accuracy of x-ray equipment
and processing, and other factors. There are also hazards
associated with conventional detection techniques, includ-
ing the risk of damaging weakened teeth and spreading
infection with tactile methods as well as exposure to x-ray
radiation. By the time caries is evident under visual and
tactile examination, the disease is generally in an advanced
stage, requiring a filling and, if not timely treated, possibly
leading to tooth loss.
[0005] In response to the need for improved caries detec-
tion methods, there has been considerable interest in
improved imaging techniques that do not employ x-rays.
One method that has been commercialized employs fluo-
rescence, caused when teeth are illuminated with high
intensity blue light. This technique, termed quantitative
light-induced fluorescence (QLF), operates on the principle
that sound, healthy tooth enamel yields a higher intensity of
fluorescence under excitation from some wavelengths than
does de-mineralized enamel that has been damaged by caries
infection. The strong correlation between mineral loss and
loss of fluorescence for blue light excitation is then used to
identify and assess carious areas of the tooth. A different
relationship has been found for red light excitation, a region
of the spectrum for which bacteria and bacterial by-products
in carious regions absorb and fluoresce more pronouncedly
than do healthy areas.
[0006] Among proposed solutions for optical detection of
caries are the following:

[0007] U.S. Pat. No. 4,290,433 (Alfano) discloses a

method to detect caries by comparing the excited
luminescence in two wavelengths.
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[0008] U.S. Pat. No. 4,479,499 (Alfano) describes a
method to detect caries by comparing the intensity of
the light scattered at two different wavelengths.

[0009] U.S. Pat. No. 4,515,476 (Ingmar) discloses use
of a laser for providing excitation energy that generates
fluorescence at some other wavelength for locating
carious areas.

[0010] U.S. Pat. No. 6,231,338 (de Josselin de Jong et
al.) discloses an imaging apparatus for identifying
dental caries using fluorescence detection.

[0011] U.S. Patent Application No. 2004/0240716 (de
Josselin de Jong et al.) discloses methods for improved
image analysis for images obtained from fluorescing
tissue.

[0012] Among commercialized products for dental imag-
ing using fluorescence behavior is the QLF Clinical System
from Inspektor Research Systems BV, Amsterdam, The
Netherlands. Using a different approach, the Diagnodent
Laser Caries Detection Aid from KaVo Dental GmbH,
Biberach, Germany, detects caries activity monitoring the
intensity of fluorescence of bacterial by-products under
illumination from red light.

[0013] U.S. Patent Application Publication 2005/0003323
(Katsuda et al.) describes a hand-held imaging apparatus
suitable for medical or dental applications, using fluores-
cence imaging. The *3323 Katsuda et al. disclosure shows an
apparatus that receives the reflection light from the diag-
nostic object and/or the fluorescence of the diagnostic object
with different light irradiation. The disclosed apparatus is
fairly complicated, requiring switchable filters in the probe,
for example. While the apparatus disclosed in the Katsuda et
al. ’3323 patent application takes advantage of combining
reflection light and fluorescence from the diagnostic object
in the same optical path, the apparatus does not remove or
minimize specular reflection. Any unwanted specular reflec-
tion produces false positive results in reflectance imaging.
Moreover, with the various illumination embodiments dis-
closed, the illumination directed toward a tooth or other
diagnostic object is not uniform, since the light source is in
close proximity to the diagnostic object.

[0014] U.S. Patent Application Publication 2004/0202356
(Stookey et al.) describes mathematical processing of spec-
tral changes in fluorescence in order to detect caries in
different stages with improved accuracy. Acknowledging the
difficulty of early detection when using spectral fluorescence
measurements, the 2356 Stookey et al. disclosure describes
approaches for enhancing the spectral values obtained,
effecting a transformation of the spectral data that is adapted
to the spectral response of the camera that obtains the
fluorescent image.

[0015] While the disclosed methods and apparatus show
promise in providing non-invasive, non-ionizing imaging
methods for caries detection, there is still room for improve-
ment. One recognized drawback with existing techniques
that employ fluorescence imaging relates to image contrast.
The image provided by fluorescence generation techniques
such as QLF can be difficult to assess due to relatively poor
contrast between healthy and infected areas. As noted in the
’2356 Stookey et al. disclosure, spectral and intensity
changes for incipient caries can be very slight, making it
difficult to differentiate non-diseased tooth surface irregu-
larities from incipient caries.

[0016] Overall, it is well-recognized that, with fluores-
cence techniques, the image contrast that is obtained corre-
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sponds to the severity of the condition. Accurate identifica-
tion of caries using these techniques often requires that the
condition be at a more advanced stage, beyond incipient or
early caries, because the difference in fluorescence between
carious and sound tooth structure is very small for caries at
an early stage. In such cases, detection accuracy using
fluorescence techniques may not show marked improvement
over conventional methods. Because of this shortcoming,
the use of fluorescence effects appears to have some prac-
tical limits that prevent accurate diagnosis of incipient
caries. As a result, a caries condition may continue unde-
tected until it is more serious, requiring a filling, for
example.

[0017] Detection of caries at very early stages is of par-
ticular interest for preventive dentistry. As noted earlier,
conventional techniques generally fail to detect caries at a
stage at which the condition can be reversed. As a general
rule of thumb, incipient caries is a lesion that has not
penetrated substantially into the tooth enamel. Where such a
caries lesion is identified before it threatens the dentin
portion of the tooth, remineralization can often be accom-
plished, reversing the early damage and preventing the need
for a filling. More advanced caries, however, grows increas-
ingly more difficult to treat, most often requiring some type
of filling or other type of intervention.

[0018] In order to take advantage of opportunities for
non-invasive dental techniques to forestall caries, it is nec-
essary that caries be detected at the onset. In many cases, as
is acknowledged in the *2356 Stookey et al. disclosure, this
level of detection has been found to be difficult to achieve
using existing fluorescence imaging techniques, such as
QLF. As a result, early caries can continue undetected, so
that by the time positive detection is obtained, the opportu-
nity for reversal using low-cost preventive measures can be
lost.

[0019] U.S. Pat. No. 6,522,407 (Everett et al.) discloses
the application of polarimetry principles to dental imaging.
One system described in the Everett et al. 407 teaching
provides a first polarizer in the illumination path for direct-
ing a polarized light to the tooth. A second polarizer is
provided in the path of reflected light. In one position, the
polarizer transmits light of a horizontal polarization. Then,
the polarizer is oriented to transmit light having an orthogo-
nal polarization. Intensity of these two polarization states of
the reflected light can then be compared to calculate the
degree of depolarization of light scattered from the tooth.
The result of this comparison then provides information on
a detected caries infection.

[0020] While the approach disclosed in the Everett et al.
*407 patent takes advantage of polarization differences that
can result from backscattering of light, the apparatus and
methods described therein require the use of multiple polar-
izers, one in the illumination path, the other in the imaging
path. Moreover, the imaging path polarizer must somehow
be readily switchable between a reference polarization state
and its orthogonal polarization state. Thus, this solution has
inherent disadvantages for allowing a reduced package size
for caries detection optics. It would be advantageous to
provide a simpler solution for caries imaging, a solution not
concerned with measuring a degree of depolarization, thus
using a smaller number of components and not requiring
switchable orientation of a polarizer between one of two
positions.
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[0021] As is described in one embodiment of the Everett
et al. ’407 patent disclosure, optical coherence tomography
(OCT) has been proposed as a tool for dental and periodontal
imaging, as well as for other medical imaging applications.
For example:

[0022] U.S. Pat. No. 5,321,501 (Swanson et al.)
describes principles of OCT scanning and measure-
ment as used in medical imaging applications;

[0023] U.S. Pat. No. 5,570,182 (Nathel et al.) describes
the use of OCT for imaging of tooth and gum struc-
tures;

[0024] U.S. Pat. No. 6,179,611 (Everett et al.) describes
a dental explorer tool that is configured to provide a
scanned OCT image;

[0025] U.S. Patent Application Publication No. 2005/
0024646 (Quadling et al.) describes the use of time-
domain and Fourier-domain OCT systems for dental
imaging;

[0026] Japanese Patent Application Publication No. JP
2004-344260 (Kunitoshi et al.) discloses an optical
diagnostic apparatus equipped with a camera for visual
observation of a tooth part, with visible light for
illuminating a surface image, and an OCT device for
scanning the indicated region of a surface image using
an alternate light source.

[0027] While OCT solutions, such as those described
above, can provide very detailed imaging of structure
beneath the surface of a tooth, OCT imaging itself can be
time-consuming and computation-intensive. OCT images
would be most valuable if obtained within one or more local
regions of interest, rather than obtained over widespread
areas. That is, once a dental professional identifies a specific
area of interest, then OCT imaging could be provided for
that particular area only. Conventional solutions, however,
have not combined visible light imaging with OCT imaging
in the same imaging apparatus.

[0028] Thus, it can be seen that there is a need for a
non-invasive, non-ionizing imaging method for caries detec-
tion that offers improved accuracy for detection of caries,
particularly in its earlier stages, with a reduced number of
components and reduced complexity over conventional
solutions.

SUMMARY OF THE INVENTION

[0029] The present invention provides an apparatus for
imaging a tooth comprising:

[0030] (a) at least one light source providing incident
light having a first spectral range for obtaining a
reflectance image on the tooth and a second spectral
range for exciting a fluorescence image of the tooth;

[0031] (b) a polarizing beamsplitter in a path of the
incident light, the polarizing beamsplitter directing
light having a first polarization state toward the tooth
and directing light from the tooth having a second
polarization state along a return path toward a sensor,
wherein the second polarization state is orthogonal to
the first polarization state;

[0032] (c) a lens positioned in the return path to direct
image-bearing light from the tooth toward the sensor
for obtaining image data from the portion of the light
having the second polarization state; and

[0033] (d) along-pass filter in the return path, to attenu-
ate light in the second spectral range and to transmit
light in the first spectral range.
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[0034] Itis a feature of the present invention that it utilizes
both fluorescence and reflectance image data for dental
imaging.

[0035] It is an advantage of the present invention that it
offers enhancement over existing fluorescence imaging tech-
niques, useful for detection of caries in its incipient stages.
[0036] These and other objects, features, and advantages
of the present invention will become apparent to those
skilled in the art upon a reading of the following detailed
description when taken in conjunction with the drawings
wherein there is shown and described an illustrative embodi-
ment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the subject
matter of the present invention, it is believed that the
invention will be better understood from the following
description when taken in conjunction with the accompa-
nying drawings, wherein:

[0038] FIG. 1 is a schematic block diagram of an imaging
apparatus for caries detection according to one embodiment;
[0039] FIG. 2 is a schematic block diagram of an imaging
apparatus for caries detection according to an alternate
embodiment;

[0040] FIG. 3 is a schematic block diagram of an imaging
apparatus for caries detection according to an alternate
embodiment;

[0041] FIG. 4A is a schematic block diagram of an imag-
ing apparatus for caries detection according to an alternate
embodiment using polarized light;

[0042] FIG. 4B is a schematic block diagram of an imag-
ing apparatus for caries detection according to an alternate
embodiment using a polarizing beamsplitter to provide
polarized light;

[0043] FIG. 4C is a schematic block diagram of an alter-
nate embodiment using a band pass filter with a narrow band
light source;

[0044] FIG. 5is a view showing the process for combining
dental image data to generate a fluorescence image with
reflectance enhancement according to the present invention;
[0045] FIG. 6 is a composite view showing the contrast
improvement of the present invention in a side-by-side
comparison with conventional visual and fluorescence meth-
ods;

[0046] FIG. 7 is a block diagram showing a sequence of
image processing for generating an enhanced threshold
image according to one embodiment;

[0047] FIG. 8 is a schematic block diagram of an imaging
apparatus for caries detection according to an alternate
embodiment using multiple light sources;

[0048] FIG. 9 is a schematic block diagram of an imaging
apparatus for caries detection using polarized light in one
embodiment of the present invention;

[0049] FIG. 10 is a schematic block diagram of an imaging
apparatus for caries detection using polarized light in an
alternate embodiment of the present invention;

[0050] FIG. 11 is a schematic block diagram of an imaging
apparatus for caries detection using polarized light in an
alternate embodiment of the present invention;

[0051] FIG. 12A is a schematic block diagram of an
imaging apparatus for caries detection using polarized light
from two sources in an alternate embodiment of the present
invention;
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[0052] FIG. 12B is a schematic block diagram of an
imaging apparatus for caries detection using a ring illumi-
nator with LEDs in an alternate embodiment of the present
invention;

[0053] FIG. 12C is a schematic block diagram of an
imaging apparatus for caries detection using a fiber ring
illuminator in an alternate embodiment of the present inven-
tion;

[0054] FIG. 13 is a schematic block diagram of an imaging
apparatus for caries detection using polarized light and OCT
scanning in one embodiment;

[0055] FIG. 14A is a plan view of an operator interface
screen in one embodiment;

[0056] FIG. 14 B is an example display of OCT scanning
results;
[0057] FIG. 15 is a block diagram showing an arrange-

ment of a hand-held imaging apparatus in one embodiment;
[0058] FIG. 16 is a perspective view showing an imaging
apparatus having an integral display;

[0059] FIG. 17 is a block diagram showing combination of
multiple types of images in order to form a composite image;
[0060] FIG. 18 is a block diagram showing a wireless
dental imaging system in one embodiment;

[0061] FIG. 19 is a block diagram of an alternate embodi-
ment for the imaging probe with two sensors;

[0062] FIG. 20 is a logic flow diagram for image process-
ing workflow;
[0063] FIG. 21 is a block diagram showing an image relay

arrangement used in one embodiment;

[0064] FIG. 22 is a block diagram showing the path of
emitted light within the apparatus of the present invention;
[0065] FIGS. 23A and 23B are block diagrams of embodi-
ments for image capture with auto-focusing capability;
[0066] FIG. 23C is a diagram showing how focusing
indicators operate;

[0067] FIG. 24 is a graph showing characteristic curves
for white light and for a long pass filter used in the apparatus
of the present invention; and

[0068] FIG. 25 is a diagram showing operation of a toggle
switch for obtaining separate images.

DETAILED DESCRIPTION OF THE
INVENTION

[0069] The present description is directed in particular to
elements forming part of, or cooperating more directly with,
apparatus in accordance with the invention. It is to be
understood that elements not specifically shown or described
may take various forms well known to those skilled in the
art.

[0070] As noted in the preceding background section, it is
known that fluorescence can be used to detect dental caries
using either of two characteristic responses: First, excitation
by a blue light source causes healthy tooth tissue to fluoresce
in the green spectrum. Secondly, excitation by a red light
source can cause bacterial by-products, such as those indi-
cating caries, to fluoresce in the red spectrum.

[0071] In order for an understanding of how light is used
in the present invention, it is important to give more precise
definition to the terms “reflectance” and “back-scattering” as
they are used in biomedical applications in general and,
more particularly, in the method and apparatus of the present
invention. In broadest optical parlance, reflectance generally
denotes the sum total of both specular reflectance and
scattered reflectance. (Specular reflection is that component
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of the excitation light that is reflected by the tooth surface at
the same angle as the incident angle.) In biomedical appli-
cations, however, as in the dental application of the present
invention, the specular component of reflectance is of no
interest and is, instead, generally detrimental to obtaining an
image or measurement from a sample. The component of
reflectance that is of interest for the present application is
from back-scattered light only. Specular reflectance must be
blocked or otherwise removed from the imaging path. With
this distinction in mind, the term “back-scattered reflec-
tance” is used in the present application to denote the
component of reflectance that is of interest. “Back-scattered
reflectance” is defined as that component of the excitation
light that is elastically back-scattered over a wide range of
angles by the illuminated tooth structure. “Reflectance
image” data, as this term is used in the present invention,
refers to image data obtained from back-scattered reflec-
tance only, since specular reflectance is blocked or kept to a
minimum. In the scientific literature, back-scattered reflec-
tance may also be referred to as back-reflectance or simply
as backscattering. Back-scattered reflectance is at the same
wavelength as the excitation light.

[0072] It has been shown that light scattering properties
differ between sound and carious dental regions. In particu-
lar, reflectance of light from the illuminated area can be at
measurably different levels for normal versus carious areas.
This change in reflectance, taken alone, may not be sufli-
ciently pronounced to be of diagnostic value when consid-
ered by itself, since this effect is very slight, although
detectable. For more advanced stages of caries, for example,
back-scattered reflectance may be less effective an indicator
than at earlier stages.

[0073] In conventional fluorescence measurements such
as those obtained using QLF techniques, reflectance itself is
an effect that is avoided rather than utilized. A filter is
usually employed to block off all excitation light from
reaching the detection device. For this reason, the slight but
perceptible change in back-scattered reflectance from exci-
tation light has received little attention for diagnosing caries.

[0074] The inventors have found, however, that this back-
scattered reflectance change can be used in conjunction with
fluorescence effects to more clearly and more accurately
pinpoint a carious location. Moreover, the inventors have
observed that the change in light scattering activity, while it
can generally be detected wherever a caries condition exists,
is more pronounced in areas of incipient caries. This back-
scattered reflectance change is evident at early stages of
caries, even when fluorescent effects are least pronounced.

[0075] The present invention takes advantage of the
observed back-scattering behavior for incipient caries and
uses this effect, in combination with fluorescence effects
described previously in the background section, to provide
an improved capability for dental imaging to detect caries.
The inventive technique, hereafter referred to as fluores-
cence imaging with reflectance enhancement (FIRE), not
only helps to increase the contrast of images over that of
earlier approaches, but also makes it possible to detect
incipient caries at stages where preventive measures are
likely to effect remineralization, repairing damage done by
the caries infection at a stage well before more complex
restorative measures are necessary. Advantageously, FIRE
detection can be accurate at an earlier stage of caries
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infection than has been exhibited using existing fluorescence
approaches that measure fluorescence alone.

Imaging Apparatus

[0076] Referring to FIG. 1, there is shown one basic
optical arrangement for an imaging apparatus 10 for caries
detection using the FIRE method in one embodiment. A light
source 12 directs an incident light, at a blue wavelength
range or other suitable wavelength range, toward tooth 20
through an optional lens 14 or other light beam conditioning
component. The tooth 20 may be illuminated at a smooth
surface (as shown) or at an occlusal surface (not shown).
Two components of light are then detected by a mono-
chrome camera 30 through a lens 22: a back-scattered light
component having the same wavelength as the incident light
and having measurable reflectance; and a fluorescent light
that has been excited due to the incident light. For FIRE
imaging, specular reflection causes false positives and is
undesirable. To minimize specular reflection pick up, the
camera 30 is positioned at a suitable angle with respect to the
light source 12. This allows imaging of back-scattered light
without the confounding influence of a specularly reflected
component.

[0077] In the embodiment of FIG. 1, monochrome camera
30 has color filters 26 and 28. One of color filters 26 or 28
is used during reflectance imaging; the other is used during
fluorescence imaging. A processing apparatus 38 obtains and
processes the reflectance and fluorescence image data and
forms a FIRE image 60. FIRE image 60 is an enhanced
diagnostic image that can be printed or can appear on a
display 40. FIRE image 60 data can also be transmitted to
storage or transmitted to another site for display.

[0078] Referring to FIG. 2, there is shown the basic optics
arrangement in an alternate embodiment using a color
camera 32. With this arrangement, auxiliary filters would not
generally be needed, since color camera 32 would be able to
obtain the reflectance and fluorescence images from the
color separations of the full color image of tooth 20.
[0079] Light source 12 is typically centered around a blue
wavelength, such as about 405 nm in one embodiment. In
practice, light source 12 could emit light ranging in wave-
length from an upper ultraviolet range to blue, between
about 300 and 500 nm. Light source 12 can be a laser or
could be fabricated using one or more light emitting diodes
(LEDs). Alternately, a broadband source, such as a xenon
lamp, having a supporting color filter for passing the desired
wavelengths could be used. Lens 14 or other optical ele-
ments may serve to condition the incident light, such as by
controlling the uniformity and size of the illumination area.
For example, a diffuser 13, shown as a dotted line in FIG. 2,
might be used before or after lens 14 to smooth out the hot
spots of an LED beam. The path of illumination light might
include light guiding or light distributing structures such as
an optical fiber or a liquid light guide, for example (not
shown). Light level is typically a few milliwatts in intensity,
but can be more or less, depending on the light conditioning
and sensing components used.

[0080] Referring to the basic optical arrangement shown
in FIG. 3, illumination components could alternately direct
light at normal incidence, turned through a beamsplitter 34.
Camera 32 would then be disposed to obtain the image light
that is transmitted through beamsplitter 34. Other options for
illumination include multiple light sources directed at the
tooth with angular incidence from one or more sides. Alter-
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nately, the illumination might use an annular ring or an
arrangement of LED sources distributed about a center such
as in a circular array to provide light uniformly from
multiple angles as shown in FIGS. 12A and 12B. Illumina-
tion could also be provided through an optical fiber or fiber
array as shown in FIG. 12C.

[0081] The imaging optics, represented as lens 22 in FIGS.
1-3, could include any suitable arrangement of optical
components, with possible configurations ranging from a
single lens component to a multi-element lens. Clear imag-
ing of the tooth surface, which is not flat but can have areas
that are both smoothly contoured and highly ridged, requires
that imaging optics have sufficient depth of field. Preferably,
for optimal resolution, the imaging optics provides an image
size that substantially fills the sensor element of the camera.
[0082] Image capture can be performed by either mono-
chrome camera 30 (FIG. 1) or color camera 32 (FIG. 2).
Typically, camera 30 or 32 employs a CMOS or CCD sensor.
The monochrome version would typically employ a retract-
able spectral filter 26, 28 suitable for the wavelength of
interest. For light source 12 having a blue wavelength,
spectral filter 26 for capturing reflectance image data would
transmit predominately blue light. Spectral filter 28 for
capturing fluorescence image data would transmit light at a
different wavelength, such as predominately green light.
Preferably, spectral filters 26 and 28 are automatically
switched into place to allow capture of both reflectance and
fluorescence images in very close succession. Both images
are obtained from the same position to allow accurate
registration of the image data.

[0083] Spectral filter 28 would be optimized with a pass-
band that captures fluorescence data over a range of suitable
wavelengths. The fluorescent effect that has been obtained
from tooth 20 can have a relative broad spectral distribution
in the visible range, with light emitted that is outside the
wavelength range of the light used for excitation. The
fluorescent emission is typically between about 450 nm and
600 nm, while generally peaking in the green region,
roughly from around 510 nm to about 550 nm. Thus a green
light filter is generally preferred for spectral filter 28 in order
to obtain this fluorescence image at its highest energy levels.
With color camera 32, the green image data is generally used
for this same reason. This green image data is also obtained
through a green light filter, such as a green filter in a color
filter array (CFA), as is well known to those skilled in the
color image capture art. However, other ranges of the visible
spectrum could also be used in other embodiments.

[0084] Camera controls are suitably adjusted for obtaining
each type of image. For example, when capturing the
fluorescence image, it is necessary to make appropriate
exposure adjustments for gain, shutter speed, and aperture,
since this image may not be intense. When using color
camera 32 (FIG. 2), color filtering is performed by the color
filter arrays on the camera image sensor. The reflectance
image is captured in the blue color plane; simultaneously,
the fluorescence image is captured in the green color plane.
That is, a single exposure captures both back-scattered
reflectance and fluorescence images.

[0085] Processing apparatus 38 is typically a computer
workstation but may, in its broadest application, be any type
of control logic processing component or system that is
capable of obtaining image data from camera 30 or 32 and
executing image processing algorithms upon that data to
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generate the FIRE image 60 data. Processing apparatus 38
may be local or may connect to image sensing components
over a networked interface.

[0086] Referring to FIG. 5, there is shown, in schematic
form, how the FIRE image 60 is formed according to the
present invention. Two images of tooth 20 are obtained, a
green fluorescence image 50 and a blue reflectance image
52. As noted earlier, it must be emphasized that the reflec-
tance light used for reflectance image 52 and its data is from
back-scattered reflectance, with specular reflectance blocked
or kept as low as possible. In the example of FIG. 5, there
is a carious region 58, represented in phantom outline in
each of images 50, 52, and 60, which causes a slight
decrease in fluorescence and a slight increase in reflectance.
The carious region 58 may be imperceptible or barely
perceptible in either fluorescence image 50 or reflectance
image 52, taken individually. Processing apparatus 38 oper-
ates upon the image data using an image processing algo-
rithm as discussed below for both images 50 and 52 and
provides FIRE image 60 as a result. The contrast between
carious region 58 and sound tooth structure is heightened, so
that a caries condition is made more visible in FIRE image
60.

[0087] FIG. 6 shows the contrast improvement of the
present invention in a side-by-side comparison with a visual
white-light image 54 and conventional fluorescence meth-
ods. For caries at a very early stage, the carious region 58
may look indistinct from the surrounding healthy tooth
structure in white-light image 54, either as perceived directly
by eye or as captured by an intraoral camera. In the green
fluorescence image 52 captured by existing fluorescence
method, the carious region 58 may show up as a very faint,
hardly noticeable shadow. In contrast, in the FIRE image 60
generated by the present invention, the same carious region
58 shows up as a darker, more detectable spot. Clearly, the
FIRE image 60, with its contrast enhancement, offers greater
diagnostic value.

Image Processing

[0088] As described earlier with reference to FIGS. 5 and
6, processing of the image data uses both the reflectance and
fluorescence image data to generate a final image that can be
used to identify carious areas of the tooth. There are a
number of alternative processing methods for combining the
reflectance and fluorescence image data to form FIRE image
60 for diagnosis. Commonly-assigned U.S. patent applica-
tion Ser. No. 11/262,869, cited above, describes one method
for combining reflectance and fluorescence image data,
using scalar multipliers and finding a difference between
scaled reflectance and fluorescence values.

[0089] Following an initial combination of fluorescence
and reflectance values, additional image processing may
also be of benefit. A thresholding operation, executed using
image processing techniques familiar to those skilled in the
imaging arts, or some other suitable conditioning of the
combined image data used for FIRE image 60, may be used
to further enhance the contrast between a carious region and
sound tooth structure. Referring to FIG. 7, there is shown, in
block diagram form, a sequence of image processing for
generating an enhanced threshold FIRE image 64 according
to one embodiment. Fluorescence image 50 and reflectance
image 52 are first combined to form FIRE image 60, as
described previously. A thresholding operation is next per-
formed, providing threshold image 62 that defines more
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clearly the area of interest, carious region 58. Then, thresh-
old image 62 is combined with original FIRE image 60 to
generate enhanced threshold FIRE image 64. Similarly, the
results of threshold detection can also be superimposed onto
a white light image 54 (FIG. 6) in order to definitively
outline the location of a carious infection.

[0090] It can be readily appreciated that any number of
complex image processing algorithms could alternately be
used for combining the reflectance and fluorescence image
data in order to obtain an enhanced image that identifies
carious regions more clearly. It may be advantageous to
apply a number of different imaging algorithms to the image
data in order to obtain the most useful result. In one
embodiment, an operator can elect to use any of a set of
different image processing algorithms for conditioning the
fluorescence and reflectance image data obtained. This
would allow the operator to check the image data when
processed in a number of different ways and may be helpful
for optimizing the detection of carious lesions having dif-
ferent shape-related characteristics or that occur over dif-
ferent areas of the tooth surface.

[0091] It is emphasized that the image contrast enhance-
ment achieved in the present invention, because it employs
both reflectance and fluorescence data, is advantaged over
conventional methods that use fluorescent image data only.
Conventionally, where only fluorescence data is obtained,
image processing has been employed to optimize the data,
such as to transform fluorescence data based on spectral
response of the camera or of camera filters or other suitable
characteristics. For example, the method of the ’2356
Stookey et al. disclosure, cited above, performs this type of
optimization, transforming fluorescence image data based
on camera response. However, these conventional
approaches overlook the added advantage of additional
image information that the back-scattered reflectance data
obtains.

ALTERNATE EMBODIMENTS

[0092] The method of the present invention admits a
number of alternate embodiments. For example, the contrast
of either or both of the reflectance and fluorescence images
may be improved by the use of a polarizing element. It has
been observed that enamel, having a highly structured
composition, is sensitive to the polarization of incident light.
Polarized light has been used to improve the sensitivity of
dental imaging techniques, for example, in “Imaging Caries
Lesions and Lesion Progression with Polarization Sensitive
Optical Coherence Tomography” in J. Biomed Opt., 2002
October; 7(4): pp. 618-627, by Fried et al.

[0093] Specular reflection tends to preserve the polariza-
tion state of the incident light. For example, where the
incident light is s-polarized, the specular reflected light is
also s-polarized. Backscattering, on the other hand, tends to
de-polarize or randomize the polarization of the incident
light. Where incident light is s-polarized, back-scattered
light has both s- and p-polarization components. Using a
polarizer and analyzer, this difference in polarization han-
dling can be employed to help eliminate unwanted specular
reflectance from the reflectance image, so that only back-
scattered reflectance is obtained.

[0094] Referring to FIG. 4A, there is shown an embodi-
ment of imaging apparatus 10 that expands upon the basic
model shown in FIGS. 1-3, employing a polarizer 42 in the
path of the incident illumination light and other supporting
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optics. Polarizer 42 transmits linearly polarized incident
light. An optional analyzer 44 may also be provided in the
return path of image-bearing light from tooth 20 as a means
to minimize the specular reflectance component. With this
polarizer 42/analyzer 44 combination as polarizing ele-
ments, reflectance light in the return path and sensed by
camera 30 or 32 is predominantly back-scattered light, that
portion of the reflectance that is desirable for combination
with the fluorescence image data according to the present
invention. A long-pass filter 15 in the path of returned light
from the tooth is used to attenuate ultraviolet and shorter
wavelength visible light (for example, light over the blue
portion of the spectrum, centered near about 405+/-40 nm)
and to pass longer wavelength light. This arrangement
minimizes the effect of blue light that may be used to excite
fluorescence (normally centered in the green portion of the
spectrum, nominally about 550 nm) and, by attenuating this
shorter-wavelength light, allows the use of a white light
source as light source 12 for obtaining a reflectance image.
The curves of FIG. 24 show the overall relationship between
a white light curve 98 (shown with a dashed line) and a
long-pass filter curve 96.

[0095] FIG. 4C shows an alternate embodiment using
multiple light sources 12, each light source 12 having a
different spectral range. Here, one light source 12 is a white
light source for obtaining the reflectance image. The typical
spectral range for a white light source can include wave-
lengths from about 400 to about 700 nm. The other light
source 12 is a UV LED or other source that emits light
having shorter wavelengths for exciting fluorescent emis-
sion. For example, its spectral range may be well within
300-500 nm. A band pass filter 17 can be used to narrow the
band and reduce optical crosstalk from this second light
source into the fluorescence image.

[0096] Where there are multiple light sources 12, indi-
vidual light sources 12 can be toggled on and off in order to
obtain the corresponding reflectance or fluorescence image
at any one time. For the embodiment described with refer-
ence to FIG. 4C, for example, white light source 12 is on to
obtain the reflectance image (or white light image) at camera
32 or other sensor. The other UV LED source is off. Then,
when white light source 12 is turned off and the UV LED
source is energized, a fluorescence image can be obtained.
[0097] FIG. 25 shows an embodiment with an imaging
probe 104 having a toggle switch 83 and the corresponding
display 40 for each position of toggle switch 83. In one
position, as shown in the upper portion of FIG. 25, toggle
switch 83 enables capture of fluorescence image 120. In
another position, shown in the lower portion of FIG. 25,
toggle switch 83 enables capture of reflectance image 122.
[0098] In an alternate embodiment, toggling in this fash-
ion can be accomplished automatically, such as by control
logic circuitry in communication with camera 32 or sensor
in imaging apparatus 10. This arrangement allows a single
camera 32 or other sensor to obtain images of different
types.

[0099] An alternate embodiment, shown in FIG. 4B,
employs a polarizing beamsplitter 18 (sometimes termed a
polarization beamsplitter) as a polarizing element. In this
arrangement, polarizing beamsplitter 18 advantageously
performs the functions of both the polarizer and the analyzer
for image-bearing light, thus offering a more compact solu-
tion. Tracing the path of illumination and image-bearing
light shows how polarizing beamsplitter 18 performs this
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function. Illumination from light source 12 is essentially
unpolarized. Polarizing beamsplitter 18 transmits p-polar-
ization, as shown by the dotted arrow in FIG. 4B, and
reflects s-polarization, directing this light to tooth 20. At the
tooth 20, back-scattering depolarizes this light. Polarizing
beamsplitter 18 treats the back-scattered light in the same
manner, transmitting the p-polarization and reflecting the
s-polarization. The resulting p-polarized light can then be
filtered at long-pass filter 15, and detected at camera 30
(with suitable color filter as was described with reference to
FIG. 1) or color camera 32. Because specular reflected light
is s-polarized, polarizing beamsplitter 18 effectively
removes this specular reflective component from the light
that reaches camera 30, 32.

[0100] Polarized illumination results in further improve-
ment in image contrast, but at the expense of light level, as
can be seen from the description of FIGS. 4A and 4B. Hence,
when using polarized light in this way, it may be necessary
to employ a higher intensity light source 12. This employ-
ment of polarized illumination is particularly advantaged for
obtaining the reflectance image data and is also advantaged
when obtaining the fluorescence image data, increasing
image contrast and minimizing the effects of specular reflec-
tion.

[0101] One type of polarizer 42 that has particular advan-
tages for use in imaging apparatus 10 is the wire grid
polarizer, such as those available from Moxtek Inc. of Orem,
Utah and described in U.S. Pat. No. 6,122,103 (Perkins et
al.) The wire grid polarizer exhibits good angular and color
response, with relatively good transmission over the blue
spectral range. Either or both polarizer 42 and analyzer 44
in the configuration of FIG. 4A could be wire grid polarizers.
Wire grid polarizing beamsplitters are also available, and
can be used in the configuration of FIG. 4B.

[0102] The method of the present invention takes advan-
tage of the way the tooth tissue responds to incident light of
sufficient intensity, using the combination of fluorescence
and light reflectance to indicate carious areas of the tooth
with improved accuracy and clarity. In this way, the present
invention offers an improvement upon existing non-invasive
fluorescence detection techniques for caries. As was
described in the background section given above, images
that have been obtained using fluorescence only may not
clearly show caries due to low contrast. The method of the
present invention provides images having improved contrast
and is, therefore, of more potential benefit to the diagnos-
tician for identifying caries.

[0103] In addition, unlike earlier approaches using fluo-
rescence alone, the method of the present invention also
provides images that can be used to detect caries in its very
early incipient stages. This added capability, made possible
because of the perceptible back-scattering effects for very
early carious lesions, extends the usefulness of the fluores-
cence technique and helps in detecting caries during its
reversible stages, so that fillings or other restorative strate-
gies might not be needed.

[0104] Referring to FIG. 9, there is shown an embodiment
of imaging apparatus 10 using polarized light from a polar-
izing beamsplitter 18 and using a telecentric field lens 24.
Light source 12, typically a light source in the blue wave-
length range for exciting maximum fluorescence from tooth
20 provides illumination through lens 14 and onto polarizing
beamsplitter 18. Here, one polarization state transmits, the
other is reflected. In a typical embodiment, p-polarized light
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is transmitted through polarizing beamsplitter 18 and is,
therefore, discarded. The s-polarized light is reflected
toward tooth 20, guided by field lens 24 and an optional
turning mirror 46 or other reflective surface. Light returning
from tooth 20 can include a specular reflection component
and a back-scattered reflection component. Specular reflec-
tance does not change the polarization state. Thus, for the
s-polarized illumination, that is, for the unwanted specularly
reflected component, the reflected light is directed back
toward light source 12. As has been observed, back-scattered
reflectance undergoes some amount of depolarization. Thus,
some of the back-scattered reflected light has p-polarization
and is transmitted through polarizing beamsplitter 18. This
returning light may be further conditioned by optional
analyzer 44 and then directed by an imaging lens 66 to
sensor 68, such as a camera, through color filter 56. Long
pass filtering (not shown in FIG. 9) could also be employed
in the path of light returned from tooth 20. Color filter 56 is
used in this arrangement to block light from the light source
that was used to excite fluorescence, since the response of
the color filter array (CFA) built inside the sensor is typically
not sharp enough to block the light from the light source in
this region. In this way, the returning light directed to sensor
68 is fluorescence only.

[0105] The use of telecentric field lens 24 is advantaged in
the embodiment of FIG. 9. Telecentric optics provides
constant magnification within the depth of field, which is
particularly useful for highly contoured structures such as
teeth that are imaged at a short distance. Perspective distor-
tion is minimized. Telecentric field lens 24 could be a
multi-element lens, represented by a single lens symbol in
FIG. 9. Light source 12 may be any suitable color, including
white, blue, green, red, or near infrared, for example. Light
source 12 may also be a more complex assembly capable of
providing light at different spectral bands, such as through
the use of movable color filters. FIG. 10 shows an alternate
embodiment of imaging apparatus 10 in which no turning
mirror is used. Instead, polarizing beamsplitter 18 is dis-
posed in the imaging path between field lens 24 and tooth 20.
Alternately, if no field lens is used, polarizing beamsplitter
18 is disposed in the imaging path just before tooth 20. Light
source 12 is positioned to direct illumination through polar-
izing beamsplitter 18, so that the illumination effectively
bypasses field lens 24 if any. Specularly reflected light is
again discarded by means of polarizing beamsplitter 18 and
analyzer 44.

[0106] The block diagram of FIG. 11 shows an alternate
embodiment of imaging apparatus 10 in which two separate
light sources 12a and 125 are used. Light sources 12a and
125 may both emit the same wavelengths or may emit
different wavelengths. They may illuminate tooth 20 simul-
taneously or one at a time. Polarizing beamsplitter 18 is
disposed in the imaging path between field lens 24 and tooth
20, thus providing both turning and polarization functions.

[0107] FIG. 12A shows another alternate embodiment,
similar to that shown in FIG. 11, in which each of light
sources 12a and 125 has a corresponding polarizer 42a and
42b6. A turning mirror could be substituted for polarizing
beamsplitter 18 in this embodiment; however, the use of
both polarized illumination, as provided from the combina-
tion of light sources 12a and 124 and their corresponding
polarizers 42a and 425, and polarizing beamsplitter 18 can
be advantageous for improving image quality. FIG. 12B is
another embodiment with additional LEDs to increase the
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light level on the tooth or other object. As described above,
the LEDs can be white light LEDs and/or blue LEDs. In
order to achieve uniform illumination, the arrangement of
LEDs, with respect to the tooth or other object, should be
symmetric.

[0108] FIG. 12C is another embodiment with an alternate
illumination implementation. In this embodiment, fiber
bundles are used to direct light from LEDs or other light
source to the tooth or other object. In FIG. 12C, four optical
fiber bundles 494-494 are used. Fiber bundles 49a and 495
are used to deliver white light to the object. Two polarizers
42a and 42b are placed in front of the output surface of
optical fiber bundles 495, 49d to create linear polarized
illumination. Fiber bundles 49¢ and 49d couple the light
from Blue or UV LEDs or other light sources to excite the
fluorescence from the object.

[0109] FIG. 19 is an alternate embodiment for the imaging
probe with two sensors 68a and 685. One dichroic mirror 48
is used as a spectral separator in this embodiment to direct
the reflected light with different spectral bands to two
different sensors. For example, in one embodiment, dichroic
mirror 48 transmits light within the visible spectrum (440
nm to 650 nm) and reflects UV (<400 nm) and NIR (>700
nm). With this embodiment, the imaging probe can also be
employed in other applications, such as for tooth color shade
matching and for soft tissue imaging, for example.

[0110] In one embodiment, the apparatus displays a fluo-
rescence image, instead of a white light image, as the live
video image. This enables the operator to screen the tooth for
caries detection using fluorescence imaging and to assess
tooth condition using the white light image for other appli-
cations. One switch is necessary, either in the probe or in the
software, so that the user can select the live video image
mode based on the application. The switch in the probe can
be a two-step button switch. Without pressing the button
switch, the live video image is a white light image. When the
button is pressed to its half way travel position, the fluo-
rescence image becomes the live video image. Both fluo-
rescence and white light images can be captured and saved
when the button is pressed to its full travel position.
[0111] With high-speed electronics and software, two live
video images can be displayed in the monitor to the user.
Both single-sensor and dual-sensor configurations can be
used to display two live video images. In order to obtain two
live images and avoid crosstalk, the LEDs with different
wavelengths need to be switched alternately on and off. An
advantage in displaying two live video images is that the
user can compare the fluorescence and white light image and
diagnose suspicious regions of these images. Using image
processing utilities described subsequently, a suspicious
region can be highlighted automatically when the fluores-
cence and white image are alternately obtained.

[0112] One common difficulty with conventional intra-
oral cameras and caries detection image devices is that the
live video image moves in the direction opposite to probe
movement. This is due to imaging lens properties: the image
is reversed when using only one imaging lens. Several
optical methods can be applied to form the image. One of the
methods is to use an image relay technique, as shown in FIG.
21. Image lens 222 forms an intermediate image 224 of the
object, tooth 20. The orientation of intermediate image 224
is opposite to the object 220. An image lens 226 then forms
a final image 228 of intermediate image 224. The orientation
of image 228 is the same as the object, tooth 20. Using this
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embodiment, the moving direction of the final image 228
will be the same as the probe movement. In addition, folding
mirrors can be used to change image orientation as neces-
sary. Even without such extra optical components to change
image orientation, software can manipulate the image to
correct the image orientation that is displayed to the user.
[0113] FIGS. 23A and 23B are two embodiments for
image capture with auto-focusing capability. For simplicity,
white light LEDs and LEDs for fluorescence imaging are not
shown in FIGS. 23A and 23B. Light sources 250a and 2505
are LEDs with integral lenses. Collimating lenses in light
sources 250a and 2505 form images 2524 and 2525, respec-
tively, onto a cross point 256 of the object plane and optical
axis. As shown in FIG. 23A, when the probe is not in the
right position (indicating focus), images 252a and 2526 do
not overlap. FIG. 23C shows how this is implemented in one
embodiment, with tooth 20 at different positions relative to
cross point 256. At left in this figure, tooth 20 is beyond
cross point 256, thus out of focus. At right, tooth 20 is within
cross point 256, also out of focus. In the central portion of
this figure, tooth 20 is positioned within focus. To achieve
focus with this arrangement, the operator simply moves the
probe so that images 252a and 25256 overlap. When images
252a and 2525 overlap, the user can instruct the system to
take the images. As an alternative embodiment, auto focus
can be provided. Software working with or within control
circuitry 110 can detect and track the positions of images
252a and 2525, using light detection techniques familiar to
those skilled in the imaging arts. The software can then
trigger sensor 68 or the camera to take the images once
images 252a and 252b overlap.

[0114] FIG. 23B is a simplified version of FIG. 23A. In
this configuration, only one LED and lens 250a is used. A
crosshair 254 displays on the monitor to indicate the center
of the image and the optical axis. When images 252a align
with crosshair 254, the probe is on focus. If software is
applied to track the position of image 252a, the use of
crosshair 254 or similar feature is not required.

Embodiments Using Optical Coherence
Tomography (OCT)

[0115] Optical coherence tomography (OCT) is a non-
invasive imaging technique that employs interferometric
principles to obtain high resolution, cross-sectional tomo-
graphic images of internal microstructures of the tooth and
other tissue that cannot be obtained using conventional
imaging techniques. Due to differences in the backscattering
from carious and healthy dental enamel OCT can determine
the depth of penetration of the caries into the tooth and
determine if it has reached the dentin enamel junction. From
area OCT data it is possible to quantify the size, shape,
depth, and determine the volume of carious regions in a
tooth.

[0116] In an OCT imaging system for living tissue, light
from a low-coherence source, such as an LED or other light
source, can be used. This light is directed down two different
optical paths: a reference arm of known length and sample
arm, which goes to the tooth. Reflected light from both
reference and sample arms is then recombined, and inter-
ference effects are used to determine characteristics of the
underlying features of the sample. Interference effects occur
when the optical path lengths of the reference and sample
arms are equal within the coherence length of the light
source. As the path length difference between the reference

Exhibit 1002 page 812 of 1005
DENTAL IMAGING



US 2008/0063998 Al

arm and the sample arm is changed the depth of penetration
in the sample is modified in a similar manner. Typically in
biological tissues NIR light of around 1300 nm can penetrate
about 3-4 mm as is the case with dental tissue. In a time
domain OCT system the reference arm delay path relative to
the sample arm delay path is alternately increased mono-
tonically and decreased monotonically to create depth scans
at a high rate. To create a 2-dimensional scan the sample
measurement location is changed in a linear manner during
repetitive depth scans such as with a galvanometer.

[0117] Inan OCT system 80 shown in FIG. 13, light from
a low-coherence light source 160, such as an LED or other
light source, can be used. This light is split and made to
travel down two different optical paths being a reference arm
164 with a built in reference delay scanner to alternately
change its path length and a sample arm 76 that goes to the
tooth by a beamsplitting and combining element 162.
Reflected light from both reference and sample arms is then
recombined by beamsplitting and combining element 162,
and interference effects are used to determine characteristics
of the underlying features of the sample. The reference arm
and sample arm pathlengths are made to be the same at some
part of the reference delay scanning operation to enable
observation of interference effects. The recombined and
interfering light from beamsplitting and combining element
162 is then sent to a detector and processing electronics 166
where the optical interference signal is converted to an
electrical signal which is then acquired by data acquisition
hardware and computer system 168 for further processing
and display. The optical elements of OCT system 80 are
configured as an interferometer.

[0118] Still referring to FIG. 13, there is shown an
embodiment of imaging apparatus 10 using both FIRE
imaging methods and OCT imaging. Light source 12, polar-
izing beamsplitter 18, field lens 24, a turning mirror 82,
imaging lens 66, and sensor 68 provide the FIRE imaging
function along an optical path as described previously. An
OCT imager 70 directs light for OCT scanning into the
optical path that is shared with the FIRE imaging compo-
nents. Light from OCT system 80 is directed through a
sample arm 76 and through a collimating lens 74 to a
scanning element 72, such as a galvanometer, for example.
A dichroic mirror 78 is transmissive to visible light and
reflective for near-IR and longer wavelengths. This sample
arm light is then directed from dichroic mirror 78 to tooth 20
through the optical system that includes a scanning lens 84
and field lens 24. Field lens 24 is not required for non-
telecentric OCT scanning. Returned light from tooth 20
travels the same optical path and is recombined with light
from the reference arm of interferometer 162.

[0119] OCT scans are 2-dimensional in the plane of the
impinging beam. Image-forming logic combines adjacent
lines of successive 2-dimensional scans (length along the
galvanometer scan line and depth) to form a multi-dimen-
sional volume image of the sample (tooth) structure, includ-
ing portions of the tooth that lie beneath the surface.
[0120] For OCT imager 70, the light provided is continu-
ous wave low coherence or broadband light, and may be
from a source such as a super luminescent diode, diode-
pumped solid-state crystal source, or diode-pumped rare
earth-doped fiber source, for example. In one embodiment,
near-IR light is used, such as light having wavelengths near
1310 nm, for example.
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[0121] While the OCT scan is a particularly powerful tool
for helping to show the condition of the tooth beneath the
surface, it can be appreciated that this type of detailed
information is not needed for every tooth or for every point
along a tooth surface. Instead, it would be advantageous to
be able to identify specific areas of interest and apply OCT
imaging to just those areas. Referring to FIG. 14A, there is
shown a display of tooth 20. An area of interest 90 can be
identified by a diagnostician for OCT scanning. For
example, using operator interface tools at processing appa-
ratus 38 and display 40 (FIGS. 1-3), an operator can outline
area of interest 90 on display 40. This could be done using
a computer mouse or some type of electronic stylus as a
pointer, for example. The OCT scan can then be performed
when a probe or other portion of imaging apparatus 10 of
FIG. 13 is brought into the proximity of area of interest 90.
Referring to FIG. 14B, there is shown a typical image from
OCT data 92 in one embodiment.

Probe Embodiment

[0122] The components of imaging apparatus 10 of the
present invention can be packaged in a number of ways,
including compact arrangements that are designed for ease
of handling by the examining dentist or technician. Refer-
ring to FIG. 15, there is shown an embodiment of a hand-
held dental imaging apparatus 100 according to the present
invention. Here, a handle 102, shown in phantom outline,
houses light source 12, sensor 68, and their supporting
illumination and imaging path components. A probe 104
attaches to a handle 102 and may act merely as a cover or,
in other embodiments, support lens 22 and turning mirror 46
in proper positioning for tooth imaging. Control circuitry
110 can include switches, memory, and control logic for
controlling device operation. In one embodiment, control
circuitry 110 can simply include one or more switches for
controlling components, such as an on/off switch for light
source 12. Control circuitry 110 can be a microprocessor in
the probe or externally connected, configured with pro-
grammed logic for controlling probe functions and obtaining
image data. Optionally, the function of control circuitry 110
can be performed at processing apparatus 38 (FIGS. 1-3). In
other embodiments, control circuitry 110 can include sens-
ing, storage, and more complex control logic components
for managing the operation of hand-held imaging apparatus
100. Control circuitry 110 can connect to a wireless interface
136 for connection with a communicating device, such as
computer workstation or server, for example. FIG. 18 shows
an imaging system 150 using wireless transmission. Hand-
held imaging apparatus 100 obtains an image upon operator
instruction, such as with the press of a control button, for
example. The image can then be sent to a control logic
processor 140, such as a computer workstation, server, or
dedicated microprocessor based system, for example. A
display 142 can then be used to display the image obtained.
Wireless connection of hand-held imaging apparatus 100
can be advantageous, allowing imaging data to be obtained
at processing apparatus 38 without the need for hardwired
connection. Any of a number of wireless interface protocols
could be used, such as Bluetooth data transmission, as one
example.

[0123] Dental imaging apparatus 100 may be configured
differently for different patients, such as having an adult size
and a children’s size, for example. In one embodiment,
removable probe 104 is provided in different sizes for this
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purpose. Alternately, probe 104 could be differently config-
ured for the type of tooth or angle used, for example. Probe
104 could be disposable or could be provided with steriliz-
able contact components. Probe 104 could also be adapted
for different types of imaging. In one embodiment, changing
probe 104 allows use of different optical components, so that
a wider angle imaging probe can be used for some types of
imaging and a smaller area imaging probe used for single
tooth caries detection. One or more external lenses could be
added or attached to probe 104 for specific imaging types.
[0124] Probe 104 could also serve as a device for drying
tooth 20 to improve imaging. In particular, fluorescence
imaging benefits from having a dry tooth surface. In one
embodiment, as shown in FIG. 15, a tube 106 providing an
outlet for directing pressurized air or other drying gas from
a pressurized gas source 81 onto tooth 20 is provided as part
of probe 104. Probe 104 could serve as an air tunnel or
conduit for pressurized air; optionally, separate tubing could
be required for this purpose.

[0125] FIG. 16 shows an embodiment of hand-held imag-
ing apparatus 100 having a display 112. Display 112 could
be, for example, a liquid crystal (LC) or organic light
emitting diode (OLED) display that is coupled to handle 102
as shown. A displayed image 108 could be provided for
assisting the dentist or technician in positioning probe 104
appropriately against tooth 20. Using this arrangement, a
white light source is used to provide the image on display
112 and remains on unless FIRE imaging is taking place. At
an operator command entry, such as pressing a switch on
hand-held imaging apparatus 100 or pressing a keyboard
key, the white light image is taken. Then the white light goes
off and the fluorescence imaging light source, for example,
a blue LED, is activated. Once the fluorescence and white
light images are obtained, the white light goes back on.
‘When using display 112 or a conventional video monitor, the
white light image helps as a navigation aid. Using a display
monitor, the use of white light imaging allows the display of
an individual area to the patient.

[0126] In order to obtain an image, probe 104 can be held
in position against the tooth, using the tooth surface as a
positional reference for imaging. This provides a stable
imaging arrangement and fixed optical working distance.
This configuration yields improved image quality and con-
sistency. Placing probe 104 directly against the tooth has
particular advantages for OCT imaging, as described earlier,
since this technique operates over a small distance along the
axis.

[0127] In order to image different surfaces of the tooth, a
folding mirror inside the probe, such as folding mirror 18 as
shown in FIG. 22, is typically required. One problem related
to this folding mirror is the undesired fogging of the mirror
surface that often can occur. A number of methods are used
in intraoral cameras to address this fogging problem. For
example, in one embodiment, the mirror is heated so that its
temperature approximates the temperature of the mouth.
One drawback with this approach is that it requires an added
heating element and current source for the heating element.
In another embodiment of the present invention, an anti-fog
coating is applied as a treatment to the mirror surface. With
this arrangement, no additional components are required.
Another embodiment is to bond an anti-fog film to the mirror
surface.

[0128] The embodiments shown in FIGS. 11 and 12A-12C
use LEDs as light sources 12a, 125 to illuminate tooth 20
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directly, without any light-shaping optical element. Since the
divergent angle of the light from LED is usually large, a
sizable portion of the emitted light strikes the inner surface
of the probe, as shown in FIG. 22. The large angle rays 240a,
2405 and 240¢ in FIG. 22 hit the inner surface of the probe.
If the probe inner surface is designed to be absorptive, the
light hitting the surface is absorbed and does not reach tooth
20. In one embodiment, the inner surface of the probe is
reflective, so that the light incident on this surface is
reflected and eventually reaches the tooth. There are two
advantages with this design. One advantage is increased
efficiency, since all of the light reaches tooth 20 except for
some absorption loss. Another advantage relates to the
uniformity of the illumination on tooth 20. With a reflective
inner surface, the probe operates as a light pipe. This
integrates the light spatially and angularly, and provides
uniform illumination to the tooth.

Imaging Software

[0129] One method for reducing false-positive readings
or, similarly, false-negative readings, is to correlate images
obtained from multiple sources. For example, images sepa-
rately obtained using x-ray equipment can be combined with
images that have been obtained using imaging apparatus 10
of the present invention. Imaging software, provided in
processing apparatus 38 (FIGS. 1-3) allows correlation of
images of tooth 20 from different sources, whether obtained
solely using imaging apparatus 10 or obtained from some
combination of devices including imaging apparatus 10.
[0130] Referring to FIG. 17, there is shown, in block
diagram form, a processing scheme using images from
multiple sources. A fluorescence image 120, a reflectance
image 122, and a white light image 124 are obtained from
imaging apparatus 10, as described earlier. An x-ray image
130 is obtained from a separate x-ray apparatus. Image
correlation software 132 takes two or more of these images
and correlates the data accordingly to form a composite
image 134 from these multiple image types. Composite
image 134 can then be displayed or used by automated
diagnosis software in order to identify regions of interest for
a specific tooth. In one embodiment, the images are provided
upon operator request. The operator specifies a tooth by
number and, optionally, indicates the types of image needed
or the sources of images to combine. Software in processing
apparatus 38 then generates and displays the resultant
image.

[0131] As one example of the value of using combined
images, white light image 124 is particularly useful for
identifying stained areas, amalgams, and other tooth condi-
tions and treatments that might otherwise appear to indicate
a caries condition. However, as was described earlier, the
use of white light illumination is often not sufficient for
accurate diagnosis of caries, particularly in its earlier stages.
Combining the white light image with some combination
that includes one or more of fluorescence and x-ray images
helps to provide useful information on tooth condition.
Similarly, any two or more of the four types of images
shown in FIG. 17 could be combined by image correlation
software 132 for providing a more accurate diagnostic
image.

[0132] Imaging software can also be used to help mini-
mize or eliminate the effects of specular reflection. Even
where polarized light components can provide some mea-
sure of isolation from specular reflection, it can be advan-
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tageous to eliminate any remaining specular effects using
image processing. Data filtering can be used to correct for
unwanted specular reflection in the data. Information from
other types of imaging can also be used, as is shown in FIG.
17. Another method for compensating for specular reflection
is to obtain successive images of the same tooth at different
light intensity levels, since the relative amount of specular
light detected would increase at a rate different from light
due to other effects.

[0133] Another key feature of the image processing soft-
ware is to enhance the image obtained and automatically
highlight suspicious areas such as white spots. FIG. 20
shows the flowchart for image processing workflow. As the
first step 202, the software reads white light and fluorescence
images. The software then analyzes the contents in different
color planes in white light and fluorescence images in a step
204. With the information obtained from the white light and
fluorescence images, different image processing algorithms
such as color rendering, contrast enhancement, and segmen-
tation, can be applied to enhance the image in steps 206 and
208. Some of the algorithms are discussed earlier with
relation to image processing. Also, image processing algo-
rithms can be used to identify the nature of each region,
based on the color information in each color plane, and to
highlight each region automatically in an enhancement step
210. As a final step 212, the tooth information, such as the
size, shape and status of the suspicious area, can be extracted
and displayed to the dental professionals.

[0134] The invention has been described in detail with
particular reference to certain preferred embodiments
thereof, but it will be understood that variations and modi-
fications can be effected within the scope of the invention as
described above, and as noted in the appended claims, by a
person of ordinary skill in the art without departing from the
scope of the invention.

[0135] For example, various types of light sources 12
could be used, with various different embodiments employ-
ing a camera or other type of image sensor. While a single
light source 12 could be used for fluorescence excitation, it
may be beneficial to apply light from multiple incident light
sources 12 for obtaining multiple images. Referring to the
alternate embodiment of FIG. 8, light source 12 might be a
more complex assembly that includes one light source 16a
for providing light of appropriate energy level and wave-
length for exciting fluorescent emission and another light
source 165 for providing illumination at different times. The
additional light source 165 could provide light at wavelength
and energy levels best suited for back-scattered reflectance
imaging. Or, it could provide white light illumination, or
other multicolor illumination, for capturing a white light
image or multicolor image which, when displayed side-by-
side with a FIRE image, can help to identify features that
might otherwise confound caries detection, such as stains or
hypo calcification. The white light image itself might also
provide the back-scattered reflectance data that is used with
the fluorescence data for generating the FIRE image. Sup-
porting optics for both illumination and image-bearing light
paths could have any number of forms. A variety of support
components could be fitted about the tooth and used by the
dentist or dental technician who obtains the images. Such
components might be used, for example, to appropriately
position the light source or sensing elements or to ease
patient discomfort during imaging.
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[0136] Thus, what is provided is an apparatus and method
for caries detection at early and at later stages using com-
bined effects of back-scattered reflectance and fluorescence.

PARTS LIST
[0137] 10 imaging apparatus
[0138] 12 light source
[0139] 12a light source
[0140] 125 light source
[0141] 13 diffuser
[0142] 14 lens
[0143] 15 filter
[0144] 16a light source
[0145] 164 light source
[0146] 17 filter
[0147] 18 polarizing beamsplitter
[0148] 20 tooth
[0149] 22 lens
[0150] 24 field lens
[0151] 26 filter
[0152] 28 filter
[0153] 30 camera
[0154] 32 camera
[0155] 34 beamsplitter
[0156] 38 processing apparatus
[0157] 40 display
[0158] 42 polarizer
[0159] 42a polarizer
[0160] 425 polarizer
[0161] 44 analyzer
[0162] 46 turning mirror
[0163] 48 dichroic mirror
[0164] 49a fiber bundle
[0165] 495 fiber bundle
[0166] 49c¢ fiber bundle
[0167] 49d fiber bundle
[0168] 50 fluorescence image
[0169] 52 reflectance image
[0170] 54 white-light image
[0171] 56 filter
[0172] 58 carious region
[0173] 60 FIRE image
[0174] 62 threshold image
[0175] 64 enhanced threshold FIRE image
[0176] 66 lens
[0177] 68 sensor
[0178] 68a sensor
[0179] 684 sensor
[0180] 70 OCT imager
[0181] 72 scanning element
[0182] 74 lens
[0183] 76 sample arm
[0184] 78 dichroic mirror
[0185] 80 OCT system
[0186] 81 gas source
[0187] 82 mirror
[0188] 83 switch
[0189] 84 scanning lens
[0190] 90 area of interest
[0191] 92 OCT data
[0192] 96 filter curve
[0193] 98 white light curve
[0194] 100 imaging apparatus
[0195] 102 handle
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[0196] 104 probe

[0197] 106 tube

[0198] 108 image

[0199] 110 control circuitry

[0200] 112 display

[0201] 120 fluorescence image

[0202] 122 reflectance image

[0203] 124 white light image

[0204] 130 x-ray image

[0205] 132 image correlation software

[0206] 134 composite image

[0207] 136 wireless interface

[0208] 140 control logic processor

[0209] 142 display

[0210] 150 imaging system

[0211] 160 light source

[0212] 162 beamsplitting and combining element

[0213] 164 reference arm

[0214] 166 detector and processing electronics

[0215] 168 data acquisition hardware and computer sys-
tem

[0216] 202 step

[0217] 204 step

[0218] 206 step

[0219] 208 step

[0220] 210 step

[0221] 212 step

[0222] 220 object (tooth)

[0223] 222 lens 1

[0224] 224 intermediate image

[0225] 226 lens 2

[0226] 228 final image

[0227] 240a ray

[0228] 24056 ray

[0229] 240c¢ ray

[0230] 250qa light source

[0231] 2505 light source

[0232] 252a image

[0233] 2526 image

[0234] 254 crosshair

[0235] 256 cross point

1. An apparatus for imaging a tooth comprising:

(a) at least one light source providing incident light
having a first spectral range for obtaining a reflectance
image on the tooth and a second spectral range for
exciting a fluorescence image of the tooth;

(b) a polarizing beamsplitter in a path of the incident light,
the polarizing beamsplitter directing light having a first
polarization state toward the tooth and directing light
from the tooth having a second polarization state along
a return path toward a sensor, wherein the second
polarization state is orthogonal to the first polarization
state;

(c) a lens positioned in the return path to direct image-
bearing light from the tooth toward the sensor for
obtaining image data from the portion of the light
having the second polarization state; and

(d) a long-pass filter in the return path, to attenuate light
in the second spectral range and to transmit light in the
first spectral range.

2. The apparatus of claim 1 wherein the polarizing beam-

splitter is a wire grid polarizing beamsplitter.
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3. The apparatus of claim 1 wherein said light source is
comprised of a first light source having a first spectral range
and a second light source having a second spectral range.

4. The apparatus of claim 1 wherein the lens is telecentric
in object space.

5. The apparatus of claim 1 wherein the sensor is a
complementary metal oxide semiconductor (CMOS) sensor.

6. The apparatus of claim 1 wherein the sensor is a
charged couple device (CCD) sensor.

7. The apparatus of claim 1 wherein the light source is
taken from the group consisting of an LED, an incandescent
bulb, a super luminescent diode, a diode-pumped solid-state
crystal source, and a diode-pumped rare earth-doped fiber
source.

8. The apparatus of claim 1 further comprising an ana-
lyzer in the return path.

9. The apparatus of claim 1 wherein the first spectral range
is between about 400 nm and 700 nm.

10. The apparatus of claim 1 further comprising:

(e) a display coupled to the sensor for presenting the

image data obtained therefrom.

11. The apparatus of claim 3 wherein the light source
further comprises a third light and a fourth light, wherein
both the third and fourth lights direct a beam toward a point
that corresponds with the focus of the lens.

12. The apparatus of claim 3 further comprising a band
pass filter in the path of the second light source.

13. The apparatus of claim 1 further comprising:

(e) an interferometer coupled along the optical path for
obtaining an image of a portion of the tooth using
optical coherence tomography.

14. The apparatus of claim 1 wherein the second spectral

range is between about 300 nm and 500 nm.

15. The apparatus according to claim 1 further comprising
an outlet for directing a pressurized gas toward the tooth.

16. The apparatus according to claim 11 further compris-
ing control logic that automatically detects overlap of light
from the third and fourth lights as focus and initiates capture
of image data at the sensor.

17. The apparatus according to claim 1 further comprising
a switch enabling an operator to enable either the light in the
second spectral range or the light in the first spectral range.

18. The apparatus according to claim 1 further comprising
a second lens for imaging an intermediate image formed by
the first lens onto the sensor.

19. An apparatus for imaging a tooth comprising:

(a) at least one light source for providing an incident light
having a first spectral range for obtaining a reflectance
image on the tooth and a second spectral range for
exciting a fluorescence image of the tooth;

(b) a polarizer in the path of the incident light and
disposed to direct light having a first polarization state
toward the tooth;

(c) an analyzer disposed to direct light obtained from the
tooth and having a second polarization state along a
return path toward a sensor, wherein the second polar-
ization state is substantially orthogonal to the first
polarization state;

(d) a lens positioned in the return path to direct image-
bearing light from the tooth toward the sensor for
obtaining image data from the portion of the light
having the second polarization state; and
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(e) a long-pass filter in the return path, to attenuvate light
in the second spectral range and to transmit light in the
first spectral range.

20. The apparatus according to claim 19 further compris-

ing:

(f) a display mounted on the body of the apparatus and in
communication with the sensor for displaying the
image of the tooth.

21. The apparatus as in claim 19 further comprising:

(f) an interferometer coupled along the optical path for
obtaining an image of a portion of the tooth using
optical coherence tomography.

22. An apparatus for imaging a tooth comprising:

(a) a handle portion for handling and positioning by an
operator;

(b) a probe portion, separable from the handle portion, for
placement in the proximity of the tooth;

(c) an optical subsystem housed within the handle and
probe portions comprising:

(1) at least one light source providing incident light
having a first spectral range for obtaining a reflec-
tance image on the tooth and a second spectral range
for exciting a fluorescence image of the tooth;

(ii) a polarizing beamsplitter in a path of the incident
light, the polarizing beamsplitter directing light hav-
ing a first polarization state toward the tooth and
directing light from the tooth having a second polar-
ization state along a return path toward a sensor,
wherein the second polarization state is orthogonal to
the first polarization state;

(iii) a lens positioned in the return path to direct
image-bearing light from the tooth toward the sensor
for obtaining image data from the portion of the light
having the second polarization state; and

(iv) a long-pass filter in the return path, to attenuate
light in the second spectral range and to transmit
light in the first spectral range.

23. The apparatus according to claim 22 wherein the
handle portion further comprises an operator control for
initiating operation to obtain an image.

24. The apparatus according to claim 22 further compris-
ing a wireless interface for sending image data to a com-
municating device.

25. The apparatus according to claim 22 further compris-
ing a display for operator viewing of the image data
obtained.

26. The apparatus according to claim 25 wherein the
display is taken from the group consisting of a liquid crystal
(LC) display and an organic light emitting diode (OLED)
display.

27. The apparatus according to claim 22 further compris-
ing an outlet for directing a pressurized gas toward the tooth.

28. The apparatus according to claim 22 wherein the
probe portion is disposable.

29. The apparatus according to claim 22 further compris-
ing at least one folding mirror in the optical path.

30. The apparatus according to claim 29 wherein the at
least one folding mirror is treated to reduce fogging effects.

31. The apparatus according to claim 22 wherein the
probe portion comprises a reflective inner surface.

32. The apparatus according to claim 29 wherein the
probe is in communication with a display and wherein the at
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least one folding mirror cooperates with other components
along the optical path to track the tooth surface during
movement of the probe.

33. An apparatus for imaging a tooth comprising:

(a) a handle portion for handling and positioning by an
operator;

(b) a probe portion, separable from the handle portion, for
placement in the proximity of the tooth;

(c) an optical subsystem housed within the handle and
probe portions comprising:

(1) at least one light source providing incident light
having a first spectral range for obtaining a reflec-
tance image on the tooth and a second spectral range
for exciting a fluorescence image of the tooth;

(i) a polarizer in the path of the incident light and
disposed to direct light having a first polarization
state toward the tooth;

(iii) an analyzer disposed to direct light obtained from
the tooth and having a second polarization state
along a return path toward a sensor, wherein the
second polarization state is substantially orthogonal
to the first polarization state;

(iv) a lens positioned in the return path to direct
image-bearing light from the tooth toward the sensor
for obtaining image data from the portion of the light
having the second polarization state; and

(v) a long-pass filter in the return path, to attenuate light
in the second spectral range and to transmit light in
the first spectral range.

34. An apparatus for imaging a tooth comprising:

(a) at least one light source for providing, along an optical
path, an incident light to illuminate the tooth;

(b) a spectral separator in the optical path to direct light
of a first spectral band that is reflected from the tooth
toward a first sensor and other light from the tooth
toward a second sensor; and

(c) a lens positioned in the optical path to form an image
of the tooth, through the spectral separator, onto the
first and second sensors for obtaining image data from
the tooth.

35. The apparatus of claim 34 wherein the spectral

separator is a dichroic beamsplitter.

36. The apparatus of claim 34 wherein the first sensor
obtains a reflected light image and the second sensor obtains
a fluorescence light image.

37. A method for imaging a tooth comprising:

(a) providing incident light having a first spectral range

for obtaining a reflectance image from the tooth;

(b) providing incident light having a second spectral range
for exciting a fluorescence image from the tooth;

(c) directing light having a first polarization state toward
the tooth and directing light from the tooth having a
second polarization state along a return path toward a
sensor, wherein the second polarization state is
orthogonal to the first polarization state;

(d) directing image-bearing light from the tooth toward
the sensor for obtaining image data from the portion of
the light having the second polarization state; and

(e) attenuating light in the second spectral range and
transmitting light in the first spectral range.

38. The method according to claim 37 wherein directing

image-bearing light toward the sensor comprises forming an
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intermediate image in the return path and further comprising and wherein movement of the probe from one position to
re-imaging the intermediate image onto the sensor. another is displayed as movement in the same direction.
39. The method according to claim 37 further comprising 41. The method according to claim 37 further comprising
displaying an image obtained by the sensor. obtaining an image of a portion of the tooth using optical
40. The method according to claim 39 wherein the inci- coherence tomography.
dent light and sensor are provided using a hand-held probe CE T
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INTEGRATED DISPLAY IN A HAND-HELD THREE-
DIMENSIONAL METROLOGY SYSTEM

RELATED APPLICATION

This application claims the benefit of the earlier filing date of U.S.
Provisional Patent Application Serial No. 61/227,255, filed July 21, 2009,
titled “Integrated Display in a Hand-Held Three-Dimensional Metrology

System,” the entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to the field of three-dimensional imaging and
more specifically to the field of displaying non-contact surface measurement

data for dental and medical applications.

BACKGROUND OF THE INVENTION

A variety of precision non-contact three-dimensional (3D) metrology
systems have been developed for dental and medical applications.
Conventional systems typically include a handheld camera or scanner
connected to a processing unit that communicates with a display monitor.
The display monitor presents a variety of information to the user. The
information can include control options, acquired images, and operator
assistance information such as an indication of an optimal focus condition.
This configuration requires the user to look in two directions, that is, to look
at the position of the handheld device with respect to the patient and to look
at the display monitor to determine that proper images are being acquired.
Thus the time and effort to obtain the desired measurement data is
adversely affected by the requirement for the user to alternately view the

position of the device and view the acquired images.
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SUMMARY

In one aspect, the invention features a method of displaying
information for a user-manipulated 3D imaging device. The method
includes acquiring a plurality of two-dimensional (2D) images of a surface of
an object with an imaging device manipulated by a user in position relative
to the surface of the object and within a field of view of the user. The 2D
images are processed to generate three-dimensional surface data for the
surface of the object. Measurement data are displayed to the user within
the field of view of the user during continued manipulation of the imaging
device. In one embodiment, the displayed measurement information
includes the two-dimensional images acquired by the imaging device and, in
another embodiment, the displayed information includes a representation of

the 3D surface data.

In another aspect, the invention features a user-manipulated imaging
device for measuring a 3D surface of an object. The imaging device includes
an imager, a device housing, a processor and a display. The imager is
configured for acquiring 2D images of a surface of the object. The device
housing is coupled to the imager and configured for manipulation by a user
to position the imager relative to the surface of the object. The processor
communicates with the imager and is configured to generate 3D surface
data for the surface based on the 2D images. The display is coupled to the
device housing and communicates with at least one of the imager and the
processor. The display shows images of the surface observable within a field
of view of the user while the device housing is manually positioned within
the field of view of the user relative to the surface. In one embodiment, the
display shows the 2D images of the surface acquired by the imager and, in
another embodiment, the display shows a representation of the 3D surface

data generated by the processor.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of this invention may be better
understood by referring to the following description in conjunction with the
accompanying drawings, in which like numerals indicate like structural
elements and features in the various figures. The drawings are not
necessarily to scale, emphasis instead being placed upon illustrating the

principles of the invention.

FIG. 1 illustrates a 3D imaging device that projects a structured light

pattern onto an object.

FIG. 2 is a flowchart representation of an embodiment of a
measurement procedure using a hand-held 3D imaging device according to

the invention.

FIG. 3 illustrates an embodiment of a user-manipulated imaging

device according to the invention.

FIG. 4A illustrates an embodiment of a user-manipulated imaging
device according to the invention and showing a display panel in an open

position.

FIG. 4B illustrates the user-manipulated imaging device of FIG. 4A

showing the display panel in a closed position.

DETAILED DESCRIPTION

In brief overview, the invention relates to a user-manipulated 3D
metrology device such as a hand-held camera or scanning device. The
device includes an integrated display monitor that provides the user with
convenient access to control options, acquired images, and operator
assistance indications within a field of view of the user. Advantageously, the
location of the operating tip of the device relative to the object being

measured can be viewed without the need to redirect the view of the user to

_3-
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a display monitor. For medical and dental 3D metrology devices, the user
positions and aligns the device to a patient while simultaneously viewing a
display of the acquired images or data. As a result, measurement data are
obtained with less time and operator effort than is required for conventional

user-manipulated 3D metrology devices.

The present teaching will now be described in more detail with
reference to exemplary embodiments thereof as shown in the accompanying
drawings. While the present teaching is described in conjunction with
various embodiments and examples, it is not intended that the present
teaching be limited to such embodiments. On the contrary, the present
teaching encompasses various alternatives, modifications and equivalents,
as will be appreciated by those of skill in the art. Those of ordinary skill in
the art having access to the teaching herein will recognize additional
implementations, modifications and embodiments, as well as other fields of
use, which are within the scope of the present disclosure as described

herein.

In a typical dental or medical 3D camera or scanner imaging system, a
series of 2D intensity images of an object surface is acquired where the
illumination for each image can vary. In some systems, structured light
patterns are projected onto the surface and detected in each 2D intensity
image. FIG. 1 shows an example of a 3D imaging system 10 in which the
structured light pattern is generated by a projector 14 as a pair of
overlapping coherent optical beams 16A and 16B that illuminate the object
18. The 3D imaging system 10 may be constructed to operate in accordance
with the principles described in U.S. Patent No. 5,870,191, titled “Apparatus
and Methods for Surface Contour Measurement,” incorporated herein by
reference in its entirety. A CCD camera 22 is used to acquire images of the
illuminated object 18. The fringe pattern 26 resulting from the interference
of the two beams 16 is varied between successive 2D images acquired by the
camera 22. For example, the fringes in the fringe pattern 26 can be shifted

by changing the phase difference between the two beams 16.

4.
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A processor 30 calculates the distance from the camera 22 to the
object surface for each image pixel based on the intensity values for the pixel
in the 2D images. Thus the process creates a set of 3D coordinates, that is,

a “point cloud,” for the object surface.

In a dynamic 3D imaging system, a series of point clouds is acquired
while the camera or scanner is in motion relative to the object surface. For
example, the imaging system can be a handheld device that a user manually
positions relative to the object surface. In some applications, multiple
objects surfaces are measured by moving the device relative to the objects so
that surfaces obscured from view of the device in one position are observable
by the device in another position. A processor registers the overlapped
region of adjacent point clouds, using a 3D correlation technique or other
registration technique, to transform each successive point cloud into an
initial coordinate space. The successive point clouds are thus “stitched” into

a common reference space.

Referring to FIG. 2, at the start of an embodiment of a measurement
procedure 100 according to the invention, the user aligns and positions
(step 110) the hand-held imaging device relative to the patient while
acquiring 2D images of a patient area of interest. The 2D images are
processed (step 120) to generate 3D surface data of the area of interest. The
user simultaneously observes measurement images in a display while
controlling (step 130) the positioning and motion of the handheld imaging
device with respect to the patient. The images in the display can be the
acquired 2D images. Alternatively, the displayed images can be 3D surface
representations generated by processing the acquired 2D images. By way of
examples, the 3D surface representations can be 3D wire-mesh
representations of point clouds or artificial surface displays that comprise
simple geometrical shapes (e.g., triangles) between neighboring points in

point clouds.
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Providing a display that is in communication with the processor and
mounted to or otherwise integrated with the 3D imaging device according to
the principles of the invention permits the user to see the acquired 2D
images, 3D surface representation, other display information or
combinations of such images and information simultaneous with the
observation and continued manipulation of the 3D imaging device relative to
the patient. Thus the user can more easily and rapidly complete the
measurement procedure than would be possible using a conventional
handheld dental or medical imaging device. Other displayed information
can include operator assistance information such as a slide bar shown along
the edge of the display to indicate measured position within a usable
imaging range, the distance to a surface of the object being measured, and a
color box to indicate the current mode of the device, such as idle, preview

and scan modes.

In one embodiment, the display includes a touchscreen that permits
the user to input selection data while maintaining the handheld device in
proper position relative to the patient. Control options shown on the
touchscreen display can include, by way of example, preview, scan and stop
function activation “buttons;” save and redo buttons presented at the
completion of a scan, and input data buttons. For example, in dental
applications, the input data buttons can be used to indicate the jaw to be
imaged (upper or lower) or particular teeth to be imaged for a partial jaw

scan.

In another embodiment illustrated in FIG. 3, the imaging device 34
includes a miniature display 38 similar to the displays typically used in
mass-produced cell phones for consumers. The miniature display 38 can be
embedded in a side of the device housing 42 and optionally has a viewing
surface that is flush with the housing 42. By way of a specific example, the
miniature display 38 may have a 1.8 inch diagonal viewing area. In one

embodiment, the display is a compact liquid crystal display (LCD).
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In an alternative embodiment, a display 46 is integral to a panel 50
that is pivotally attached to a side of a device housing 54 for the 3D imaging
device 58 shown in FIG. 4A and FIG. 4B. The panel 50 is small enough to
be compatible with the overall dimensions of the device 58 and yet include a
display 46 that is large enough to present detailed images to the user. By
way of a specific example, the display 46 can have a four inch diagonal
viewing area. FIG. 4A shows the panel 50 in an open position in which the
user views the displayed images, 3D representations and information.

FIG. 4B shows the panel 50 in a closed position such that the panel 50 is
substantially parallel and adjacent to the side of the device housing 54. The
closed position is intended for when the device 58 is stored or otherwise not

in use for extended periods of time.

In the embodiments described above, the device according to the
invention is generally described as a handheld device; however, the
invention also contemplates that the device can be manually adjusted or

manipulated by a user without being directly held by hand.

While the invention has been shown and described with reference to
specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without

departing from the spirit and scope of the invention.

What is claimed is:
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CLAIMS

1. A method of displaying information for a user-manipulated three-

dimensional imaging device, the method comprising:

acquiring a plurality of two-dimensional images of a surface of an
object with an imaging device manipulated by a user in position relative to

the surface of the object and within a field of view of the user;

processing the two-dimensional images to generate three-dimensional

surface data for the surface of the object; and

displaying measurement information to the user within the field of
view of the user during continued manual manipulation of the imaging

device.

2. The method of claim 1 wherein the displayed measurement
information comprises the two-dimensional images acquired by the imaging

device.

3. The method of claim 1 wherein the displayed measurement
information comprises a representation of the three-dimensional surface

data.

4. The method of claim 1 wherein the displayed measurement

information comprises operator assistance information.
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S. The method of claim 4 wherein the operator assistance information
comprises a distance to the surface of the object.
6. A user-manipulated imaging device for measuring a three-dimensional

surface of an object, comprising:

an imager configured for acquiring two-dimensional images of a

surface of an object;

a device housing coupled to the imager and configured for
manipulation by a user to position the imager relative to the surface of the

object;

a processor in communication with the imager and configured to
generate three-dimensional surface data for the surface based on the two-

dimensional images; and

a display coupled to the device housing and in communication with at
least one of the imager and the processor, the display showing images of the
surface observable within a field of view of the user while the device housing
is manually positioned within the field of view of the user relative to the

surface.

7. The user-manipulated device of claim 6 wherein the images shown in
the display are the two-dimensional images of the surface acquired by the

imager.

8. The user-manipulated device of claim 6 wherein the images shown in
the display are representations of the three-dimensional surface data

generated by the processor.
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9. The user-manipulated device of claim 6 wherein the display shows

operator assistance information.

10. The user-manipulated device of claim 9 wherein the operator

assistance information includes a distance to the surface of the object.

11. The user-manipulated device of claim 6 wherein the display is a

touchscreen display configured to receive data input from the user.

12. The user-manipulated device of claim 6 wherein the display comprises

a liquid crystal display (LCD).

13. The user-manipulated device of claim 6 wherein the display comprises
a display panel pivotably secured to a side of the device housing, the display
panel extending away from a surface of the device housing while in an open
position and extending substantially parallel to the surface of the device
housing while in a closed position, and wherein images of the surface are

observable to the user while the display panel is in the open position.

14. The user-manipulated device of claim 6 wherein the display comprises
a viewing surface that is substantially flush with a side of the device

housing.

-10 -
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15. The user-manipulated device of claim 6 further comprising a projector
in communication with the processor and configured for projecting a

structured light pattern onto the surface of the object.

16. The user-manipulated device of claim 15 wherein the projector
comprises a source of coherent optical beams for illuminating the surface of

the object with a fringe pattern.

11 -
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at least one display (101), where the handheld device (100) is adapted for
performing at least one action in a physical 3D environment. The actions in-
clude measuring, modifying, manipulating, recording, touching, sensing,
scanning, moving, transforming, cutting, welding, chemically treating, clean-
ing. The display (101) is adapted for visually representing the physical 3D
environment, and where the handheld device (100) is adapted for remotely
controlling the view with which the 3D environment is represented on the
display (101).
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System with 3D user interface integration

Field of the invention

This invention generally relates to a method and a system comprising a

handheld device and at least one display.

Background of the invention

3D visualization is important in many fields of industry and medicine, where

3D information is becoming more and more predominant.

Displaying and inspecting 3D information is inherently difficult. To fully
understand a 3D object or entire environment on a screen, the user should
generally be able to rotate the object or scene, such that many or
preferentially all surfaces are displayed. This is true even for 3D displays,
e.g. stereoscopic or holographic, where from a given viewing position and
with a given viewing angle, the user will only see some surfaces of an
arbitrary 3D environment. Often, the user will also want to zoom into details

or zoom out for an overview.

Various user interaction devices are in use for software that displays 3D data;
these devices are: 3D mice, space balls, and touch screens. The operation of

these current interaction devices requires physically touching them.

Physically touching a user-interaction device can be a disadvantage in
medical applications due to risks of cross-contamination between patients or
between patient and operator, or in industrial applications in dirty

environments.
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Several non-touch user interfaces for 3D data viewing in medical applications
have been described in the literature. Vogt et al (2004) describe a touchless
interactive system for in-situ visualization of 3D medical imaging data. The
user interface is based on tracking of reflective markers, where a camera is
mounted on the physician’s head. Graetzel et al (2004) describe a touchless
system that interprets hand gestures as mouse actions. It is based on stereo

vision and intended for use in minimally invasive surgery.

It remains a problem to improve systems that require user interfaces for view

control, which for example can be used for clinical purposes.

Summary

Disclosed is a system comprising a handheld device and at least one display,
where the handheld device is adapted for performing at least one action in a
physical 3D environment, where the at least one display is adapted for
visually representing the physical 3D environment, and where the handheld
device is adapted for remotely controlling the view with which said 3D

environment is represented on the display.

The system may be adapted for switching between performing the at least
one action in the physical 3D environment, and remotely controlling the view

with which the 3D environment is represented on the display.

The system disclosed here performs the integration of 3D user interface
functionality with any other handheld device with other operating functionality,
such that the operator ideally only touches this latter device that is intended
to be touched. A particular example of such a handheld device is one that

records some 3D geometry, for example a handheld 3D scanner.
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The handheld device is a multi-purpose device, such as a dual-purpose or
two-purpose device, i.e. a device both for performing actions in the physical
3D environment, such as measuring and manipulating, and for remotely

controlling the view of the 3D environment on the display.

Geometrically, a view is determined by the virtual observer's/camera’s
position and orientation relative to the 3D environment or its visual
representation. If the display is two-dimensional, the view is also determined
by the type of projection. A view may also be determined by a magnification

factor.

The virtual observer's and the 3D environment’s position and orientation are
always relative to each other. In terms of user experience in software
systems with 3D input devices, the user may feel that for example, he/she is
moving the 3D environment while remaining stationary himself/herself, but
there is always an equivalent movement of the virtual observer/camera that
gives the same results on the display. Often, descriptions of 3D software
systems use the expression “pan” to indicate an apparent translational
movement of the 3D environment, “rotate” to indicate a rotational movement
of the 3D environment, and “zoom” to indicate a change in magnification

factor.

Graphically, a view can represent a 3D environment by means of
photographs or as some kind of virtual representation such as a computer
graphic, or similar. A computer graphic can be rendered for example with
texture and/or shading and/or virtual light sources and/or light models for
surface properties. A computer graphic can also be a simplified
representation of the 3D environment, for example a mesh, an outline, or an
otherwise simplified representation. All or parts of the 3D environment can
also be rendered with some degree of transparency. A view may represent

the 3D environment in total or only parts thereof.
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All of the touch-less prior art systems are 3D user interface devices only. In
many prior art applications, the operator using such user interface device will
also hold and work with another device that really is the central device in the

overall application, e.g. a medical instrument.

It is thus an advantage of the present system that the 3D user-interface
functionality is integrated in the central device, which is used for performing

some kind of action.

In some embodiments the handheld device is adapted for remotely
controlling the magnification with which the 3D environment is represented

on the display.

In some embodiments the handheld device is adapted for changing the

rendering of the 3D environment on the display.

In some embodiments the view is defined as viewing angle and/or viewing

position.

In some embodiments the at least one action comprises one or more of the
actions of:

- measuring,

- recording,

- scanning,

- manipulating,

- modifying.

In some embodiments the 3D environment comprises one or more 3D

objects.
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In some embodiments the handheld device is adapted to be held in one hand

by an operator.

In some embodiments the display is adapted to represent the 3D

environment from multiple views.

In some embodiments the display is adapted to represent the 3D

environment from different viewing angles and/or viewing positions.

In some embodiments the view of the 3D environment in the at least one
display is at least partly determined by the motion of the operator's hand

holding said device.

In some embodiments the magnification represented in the at least one
display is at least partly determined by the motion of the operator's hand

holding said device.

In some embodiments the handheld device is adapted to record the 3D

geometry of the 3D environment.

Thus the handheld device may be an intraoral dental scanner, which records
the 3D geometry of a patient’'s teeth. The operator may move the scanner
along the teeth of the patient for capturing the 3D geometry of the relevant
teeth, e.g. all teeth. The scanner may comprise motion sensors for taking the
movement of the scanner into account while creating the 3D model of the

scanned teeth.

The 3D model of the teeth may be shown on a display, and the display may

for example be a PC screen and/or the like.
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The user interface functionality may comprise incorporating motion sensors
in the scanner to provide that the user can determine the view on the screen
by moving the scanner. Pointing the scanner down can provide that the
scanned teeth are shown given a downward viewing angle. Holding the
scanner in a horizontal position can provide that the viewing angle is likewise

horizontal.

In some embodiments the handheld device comprises at least one user-
interface element. A user-interface element is an element which the user may
manipulate in order to activate a function on the user interface of the
software. Typically the use interface is graphically presented on the display of

the system.

The handheld device may furthermore be provided with an actuator, which
switches the handheld device between performing the at least one action and
remotely controlling the view. By providing such a manual switching function
that enables the operator to switch between performing the at least one
action and remotely controlling the view, the operator may easily control what

is performed.

Such an actuator can for example be in the form of a button, switch or
contact. In other embodiments it could be a touch sensitive surface or

element.

In another embodiment the actuator could be a motion sensor provided in the
handheld device that function as the actuator when it registers a specific type
of movement, for example if the operator shakes the handheld device.
Examples of such motion sensors will be described herein with respect to the
user-interface element, however, the person skilled in the art will based on
the disclosure herein understand that such motion sensors may also be used

as actuators as discussed.
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For example, the handheld device can in one embodiment be an intra-oral
3D scanner used by a dentist. The scanner is set to be performing the action
of scanning a dental area when the actuator is in one position. When the
actuator is switched into a second position the handheld is set to control the
view with which the 3D environment is represented on the display. This could
for example be that when the dentist have scanned a part of or the complete
desired area of an dental arch he can activate the actuator which then allows
the dentist to remotely control the view of the 3D representation of the

scanned area on the display by using the handheld device.

For example, the actuator could be a button. When the button is pressed
quickly the handheld device is prepared for scanning, i.e. it is set for
performing at least one action, the scanning procedure, in the physical 3D
environment. The scanning is stopped when the button is pressed quickly a

second time.

While the scanning is performed a virtual 3D representation is visually built

on the display.

The user can now press and hold the button. This will put the handheld in a
controller mode, where the handheld device is adapted for remotely
controlling the view with which the 3D environment, such as scanned teeth, is
represented on the display. While holding the button pressed the system will
use signals from a motion sensor in the handheld device to determine how to
present the view of the virtual 3D environment. Thus, if the user turns or
otherwise moves the hand that holds the handheld device the view of the

virtual 3D environment on the display will change accordingly.

Thus, the dentist may use the same handheld device for both scanning an

area and subsequently verifying that the scan has been executed correctly
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without having to move away from the patient or touching any other

equipment than already present in his hands.

In one embodiment the user-interface element is the same as the actuator, or
where several user-interface elements are present at least one also functions
as an actuator.

The system may be equipped with a button as an additional element

providing the user-interface functionality.

In an example the handheld device is a handheld intraoral scanner, and the
display is a computer screen. The operator or user may be a dentist, an
assistant and/or the like. The operation functionality of the device may be to
record some intraoral 3D geometry, and the user interface functionality may

be to rotate, pan, and zoom the scanned data on the computer screen.

In some embodiments the at least one user-interface element is at least one

motion sensor.

Thus the integration of the user interface functionality in the device may be
provided by motion sensors, which can be accelerometers inside the
scanner, whose readings determine the orientation of the display on the
screen of the 3D model of the teeth acquired by the scanner. Additional
functionality, e.g. to start/stop scanning, may be provided by a button. The
button may be located where the operator’s or user’s index finger can reach it

conveniently.

Prior art intraoral scanners use a touch screen, a trackball, or a mouse to
determine the view in the display. These prior art user interface devices can
be inconvenient, awkward and difficult to use, and they can be labor-
intensive, and thus costly to sterilize or disinfect. An intraoral scanner should

always be disinfected between scanning different patients, because the
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scanner is in and may come in contact with the mouth or other parts of the

patient being scanned.

The operator or user, e.g. dentist, may use one hand or both hands to hold
the intraoral scanner while scanning, and the scanner may be light enough
and comfortable to be held with just one hand for a longer time while

scanning.

The device can also be held with one or two hands, while using the device as
remote control for e.g. changing the view in the display. It is an advantage of
the touchless user interface functionality that in clinical situations, the

operator can maintain both hands clean, disinfected, or even sterile.

An advantage of the system is that it allows an iterative process of working in
a 3D environment without releasing the handheld device during said process.
For the above intracral scanning system example, the operator, e.g. dentist,
can record some teeth surface geometry with a handheld device that is an
intraoral scanner, inspect coverage of the surface recording by using that
same handheld device to move, e.g. rotate, the recorded surface on the
display, e.g. a computer screen, detect possible gaps or holes in the
coverage of the scanned teeth, and then for example arrange the scanner in
the region where the gaps were located and continue recording teeth surface
geometry there. Over this entire iterative cycle, which can be repeated more
than once, such as as many times as required for obtaining a desired scan
coverage of the teeth, the dentist does not have to lay the handheld intraoral

scanner out of his or her hands.

In some embodiments, the 3D user interface functionality is exploited in a
separate location than the operation functionality. For the above intraoral
scanning system example, the scanning operation is performed in the oral

cavity of the patient, while the user interface functionality is more flexibly
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exploited when the scanner is outside the patient's mouth. The key
characteristic and advantage of the system, again, is that the dentist can
exploit the dual and integrated functionality, that is operation and user

interface, of the scanner without laying it out of his or her hands.

The above intraoral scanning system is an example of an embodiment. Other
examples for operation functionality or performing actions could be drilling,
welding, grinding, cutting, soldering, photographing, filming, measuring,

executing some surgical procedure etc..

The display of the system can be a 2D computer screen, a 3D display that
projects stereoscopic image pairs, a volumetric display creating a 3D effect,
such as a swept-volume display, a static volume display, a parallax barrier
display, a holographic display etc.. Even with a 3D display, the operator has
only one viewing position and viewing angle relative to the 3D environment at
a time. The operator can move his/her head to assume another viewing
position and/or viewing angle physically, but generally, it may be more
convenient to use the handheld device with its built-in user interface
functionality, e.g. the remote controlling, to change the viewing position
and/or viewing angle represented in the display.

In some embodiments the system comprises multiple displays, or one or
more displays that are divided into regions. For example, several sub-
windows on a PC screen can represent different views of the 3D
environment. The handheld device can be used to change the view in all of

them, or only some of them.

In some embodiments the user interface functionality comprises the use of

gestures.
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Gestures made by e.g. the operator can be used to change, shift or toggle
between sub-windows, and the user-interface functionality can be limited to

an active sub-window or one of several displays.

In some embodiments the gestures are adapted to be detected by the at
least one motion sensor. Gestures can alternatively and/or additionally be

detected by range sensors or other sensors that record body motion.

The operator does not have to constantly watch the at least one display of
the system. In many applications, the operator will shift between viewing and
possible manipulating the display and performing another operation with the
handheld device. Thus it is an advantage that the operator does not have to
touch other user interface devices. However, in some cases it may not be
possible for the operator to fully avoid touching other devices, and in these
cases it is an advantage that fewer touches are required compared to a
system where a handheld device does not provide any user interface

functionality at all.

In some embodiments the at least one display is arranged separate from the

handheld device.

In some embodiments the at least one display is defined as a first display,

and where the system further comprises a second display.

In some embodiments the second display is arranged on the handheld

device.

In some embodiments the second display is arranged on the handheld
device in a position such that the display is adapted to be viewed by the

operator, while the operator is operating the handheld device.
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In some embodiments the second display indicates where the handheld

device is positioned relative to the 3D environment.

In some embodiments the first display and/or the second display provides

instructions for the operator.

The display(s) can be arranged in multiple ways. For example, they can be
mounted on a wall, placed on some sort of stand or a cart, placed on a rack

or desk, or other.

In some embodiments at least one display is mounted on the device itself. It
can be advantageous to have a display on the device itself because with
such an arrangement, the operator's eyes need not focus alternatingly
between different distances. In some cases, the operating functionality may
require a close look at the device and the vicinity of the 3D environment it
operates in, and this may be at a distance at most as far away as the
operator's hand. Especially in crowded environments such as dentist's
clinics, surgical operation theatres, or industrial workplaces, it may be difficult

to place an external display closely to the device.

In some embodiments visual information is provided to the operator on one

or more means other than the first display.

In some embodiments audible information to the operator is provided to the

operator.

Thus in some embodiments, the system provides additional information to
the operator. In some embodiments, the system includes other visual clues
shown on means other than the display(s), such as LEDs on the device. In
some embodiments, the system provides audible information to the operator,

for example by different sounds and/or by speech.
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Said information provided to the operator can comprise instructions for use,
warnings, and the like.

The information can aid with improving the action performance or operation
functionality of the device, for example by indicating how well an action or
operation is being performed, and/or instructions to the operator aimed at
improving the ease of the action or operation and/or the quality of the action
or operation’s results. For example, a LED can change in color and/or
flashing frequency. In a scanner, the information can relate to how well the
scanned 3D environment is in focus and/or to scan quality and/or to scan
coverage. The information can comprise instructions on how best to position
the scanner such as to attain good scan quality and/or scan coverage. The
instructions can be used for planning and/or performing bracket placement.

The instructions can be in the form of a messenger system to the operator.

In some embodiments, some 3D user interface functionality is provided by at
least one motion sensor built into the device. Examples of motion sensors
are accelerometers, gyros, and magnetometers and/or the like. These
sensors can sense rotations, lateral motion, and/or combinations thereof.
Other motion sensors use infrared sensing. For example, at least one
infrared sensor can be mounted on the device and at least one infrared
emitter can be mounted in the surroundings of the device. Conversely, the at
least one emitter can be mounted on the device, and the at least one sensors
in the surroundings. Yet another possibility is to use infrared reflector(s) on
the device and both sensor(s) and emitter(s) on the surroundings, or again

conversely. Thus motion can be sensed by a variety of principles.

Through proper signal processing, some sensors can recognize additional
operator actions; for example gestures such as taps, waving, or shaking of
the handheld device. Thus, these gestures can also be exploited in the 3D

user interface functionality.
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In some embodiments the handheld device comprises at least two motion
sensors providing sensor fusion. Sensor fusion can be used to achieve a
better motion signal from for example raw gyro, accelerometer, and/or
magnetometer data. Sensor fusion can be implemented in ICs such as the
InvenSense MPU 3000.

In some embodiments the handheld device comprises at least one user-

interface element other than the at least one motion sensor.

In some embodiments the at least one other user-interface element is a

touch-sensitive element.

In some embodiments the at least one other user-interface element is a

button.

In some embodiments the at least one other user-interface element is a

scroll-wheel.

In some embodiments, user interface functionality is provided through
additional elements on the device. Thus these additional elements can for
example be buttons, scroll wheels, touch-sensitive fields, proximity sensors

and/or the like.

The additional user interface elements can be exploited or utilized in a
workflow suitable for the field of application of the device. The workflow may
be implemented in some user software application that may also control the
display and thus the view represented thereon. A given interface element can
supply multiple user inputs to the software. For example, a button can
provide both a single click and a double click. For example, a double click

can mean to advance to a subsequent step in a workflow. For the example of
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intraoral scanning, three steps within the workflow can be to scan the lower
mouth, the upper mouth, and the bite. A touch-sensitive field can provide
strokes in multiple directions each with a different effect, etc. Providing
multiple user inputs from a user interface elements is advantageous because
the number of user interface elements on the device can be reduced relative
to a situation where each user interface element only provides one user

input.

The motion sensors can also be exploited in a workflow. For example, lifting
the device, which can be sensed by an accelerometer, can represent some
type of user input, for example to start some action. In a device that is a
scanner, it may start scanning. Conversely, placing the device back in some
sort of holder, which can be sensed by an accelerometer as no acceleration

occur over some period of time, can stop said action.

If the action performed by the device is some kind of recording, for example
scanning, for example 3D scanning, the results of the recording can also be
exploited as user inputs, possibly along with user inputs from other user
interface elements. For example, with a 3D scanner with a limited depth of
field, it may be possible to detect whether any objects within the 3D
environments are present in the volume corresponding to this depth of field
by detecting whether any 3D points are recorded. User inputs can depend on
such detected presence. For example, a button click on an intraoral scanner
can provide a different user input depending on whether the scanner is in the
mouth, where teeth are detectable, or significantly away from and outside the
mouth. Also the effect of motion sensor signals can be interpreted differently
for either situation. For example, the scanner may only change the view
represented on the display when it is outside the mouth.
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In some embodiments the handheld device is adapted to change a viewing
angle with which the 3D environment is represented on the at least one

display.

In some embodiments the handheld device is adapted to change a
magnification factor with which the 3D environment is represented on the at

least one display.

In some embodiments the handheld device is adapted to change a viewing
position with which the 3D environment is represented on the at least one

display.

In some embodiments the view of the 3D environment comprises a viewing

angle, a magnification factor, and/or a viewing position.

In some embodiments the view of the 3D environment comprises rendering

of texture and/or shading.

In some embodiments the at least one display is divided into multiple regions,
each showing the 3D environment with a different view.

Thus in some embodiments the user interface functionality comprises
changing the view with which the 3D environment is displayed. Changes in
view can comprise changes in viewing angle, viewing position, magnification
and/or the like. A change in viewing angle can naturally be effected by
rotating the device. Rotation is naturally sensed by the aid of gyros and/or
relative to gravity sensed by an accelerometer. Zooming, i.e. a change in
magnification, can for example be achieved by pushing the handheld device
forward and backward, respectively. A translational change of the viewing
position, i.e., panning, can for example be achieved by pushing the handheld

device up/down and/or sideways.
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In some embodiments the user interface functionality comprises selecting or
choosing items on a display or any other functionality provided by graphical
user interfaces in computers known in the art. The operator may perform the
selection. The Lava C.0O.S scanner marketed by 3M ESPE has additional
buttons on the handheld device, but it is not possible to manipulate the view
by these. Their only purpose is to allow navigation through a menu system,

and to start/stop scanning.

In some embodiments the user interface functionality comprises manipulating
the 3D environment displayed on the screen. For example, the operator may
effect deformations or change the position or orientation of objects in the 3D
environment. Thus, in some embodiments the user interface functionality
comprises virtual user interface functionality, which can be that the 3D data
are manipulated, but the physical 3D environment in which the device

operates may not be manipulated.

In some embodiments the handheld device is an intraoral scanner and/or an
in-the-ear scanner. If the scanner comprises a tip, this tip may be exchanged
whereby the scanner can become suitable for scanning in the mouth or in the
ear. Since the ear is a smaller cavity than the mouth, the tip for fitting into an

ear may be smaller than a tip for fitting in the mouth.

In some embodiments the handheld device is a surgical instrument. In some
embodiments, the surgical instrument comprises at least one motion sensor,

which is built-in in the instrument.

In some embodiments the handheld device is a mechanical tool. In some
embodiments, the tool has at least one motion sensor built in. In other
embodiments, other user-interface elements are built in as well, for example

buttons, scroll wheels, touch-sensitive fields, or proximity sensors.
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In some embodiment the 3D geometry of the 3D environment is known a-
priori or a 3D representation of the environment is known a priori, i.e. before
the actions (s) are performed. For example in surgery, a CT scan may have
been taken before the surgical procedure. The handheld device in this
example could be a surgical instrument that a physician needs to apply in the
proper 3D position. To make sure this proper position is reached, it could be
beneficial to view the 3D environment from multiple perspectives

interactively, i.e. without having to release the surgical instrument.

An advantage of the system, also in the above surgery example, is the ability
of the handheld device to record the 3D environment at least partially,
typically in a 3D field-of-view that is smaller than the volume represented in
the a-priori data. The 3D data recorded by the handheld device can be
registered in real time with the a-priori data, such that the position and

orientation of the device can be detected.

In some embodiments the 3D geometry comprises a 3D surface of the

environment.

In some embodiments the 3D geometry comprises a 3D volumetric

representation of the environment.

Thus the 3D environment can be displayed as volumetric data, or as surface,
or a combination thereof. Volumetric data are typically represented by voxels.
Voxels can comprise multiple scalar values. Surface data are typically

represented as meshed, such as triangulated meshes, or point clouds.

The scanning may be performed by means of LED scanning, laser light

scanning, white light scanning, X-ray scanning, and/or CT scanning.
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The present invention relates to different aspects including the system
described above and in the following, and corresponding systems, methods,
devices, uses, and/or product means, each yielding one or more of the
benefits and advantages described in connection with the first mentioned
aspect, and each having one or more embodiments corresponding to the
embodiments described in connection with the first mentioned aspect and/or

disclosed in the appended claims.

In particular, disclosed herein is a method of interaction between a handheld
device and at least one display, where the method comprises the steps of:

- performing at least one action in a physical 3D environment by means of
the handheld device;

- visually representing the physical 3D environment by the at least one
display; and

- remotely controlling the view of the represented 3D environment on the

display by means of the handheld device.

Furthermore, the invention relates to a computer program product comprising
program code means for causing a data processing system to perform the
method according to any of the embodiments, when said program code
means are executed on the data processing system, and a computer
program product, comprising a computer-readable medium having stored

there on the program code means.

According to another aspect, disclosed is a system comprising a handheld
device for operating in a 3D environment and at least one display for
visualizing said environment, where the display is adapted to represent said
environment from multiple perspectives,

where said device is adapted to be held in one hand by an operator, and
where the perspective represented in the at least one display is at least partly

determined by the motion of the operator's hand holding said device.
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According to another aspect, disclosed is a system comprising a handheld
device for operating in a 3D environment and at least one display for
visualizing said environment, where the display is adapted to represent said
environment in multiple views,

where said device is adapted to be held in one hand by an operator, where
the view represented in the at least one display is at least partly determined
by the motion of the operator's hand holding said device, and where the

device has at least one touch-sensitive user interface element.

The motion of the operator’s hand is typically determined by a motion sensor

arranged in the handheld device.

Definitions

3D geometry: A constellation of matter or its virtual representation in a three-

dimensional space.

3D environment: A constellation of physical objects each having a 3D

geometry in a three-dimensional space.

View: The way a 3D environment is represented on a display. Geometrically,
a view is determined by the virtual observer's/camera’s position and
orientation. If the display is two-dimensional, the view is also determined by
the type of projection. A view may also be determined by a magnification
factor. Graphically, a view can show the 3D environment by means of
photographs or as some kind of virtual representation such as a computer
graphic, or similar. A computer graphic can be rendered for example with
texture and/or shading and/or virtual light sources and/or light models for

surface properties. A computer graphic can also be a simplified
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representation of the 3D environment, for example a mesh, an outline, or an
otherwise simplified representation. All or parts of the 3D environment can
also be rendered with some degree of transparency. A view may represent

the 3D environment in total or only parts thereof.

Functionality: A purpose or intended use.

Performing action(s) or operating functionality: Actions or functionality that
includes some type of interaction with a 3D environment, such as measuring,
modifying, manipulating, recording, touching, sensing, scanning, moving,
transforming, cutting, welding, chemically treating, cleaning, etc. The term
“‘operating” is thus not directed to surgical procedures, but operating may

comprise surgical procedures.

User Interface Functionality: Functionality for interaction between a human

user and a machine with a display.

Handheld device: An object that has at least one functionality and that is held
by a human operator’s hand or both hands while performing this at least one

functionality.

3D scanner: A device that analyzes a real-world object or 3D environment to

collect data on its shape and possibly its appearance.

Coverage of scan: The degree to which a physical surface is represented by

recorded data after a scanning operation.

Motion sensor: A sensor detecting motion. Motion can be detected by: sound
(acoustic sensors), opacity (optical and infrared sensors and video image
processors), geomagnetism (magnetic sensors, magnetometers), reflection

of transmitted energy (infrared laser radar, ultrasonic sensors, and

Exhibit 1002 page 857 of 1005
0857 DENTAL IMAGING



WO 2012/076013 PCT/DK2011/050461

10

15

20

25

30

22

microwave radar sensors), electromagnetic induction (inductive-loop
detectors), and vibration (triboelectric, seismic, and inertia-switch sensors).
MEMS accelerometers, gyros, and magnetometers are examples of motions

sensors.

Workflow: a sequence of tasks implemented in software.

Brief description of the drawings

The above and/or additional objects, features and advantages of the present
invention, will be further elucidated by the following illustrative and non-
limiting detailed description of embodiments of the present invention, with

reference to the appended drawings, wherein:

Fig. 1 shows an example of the system comprising a handheld device and a
display.

Fig. 2 shows an example of user interface functionality in the form of remote
controlling using the handheld device.

Fig. 3 shows an example of the handheld device.

Fig. 4 shows an example of a flow-chart of a method of interaction between a

handheld device and a display.

Detailed description

In the following description, reference is made to the accompanying figures,

which show by way of illustration how the invention may be practiced.
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Fig. 1 shows an example of the system comprising a handheld device and a
display. The handheld device 100 is in this example an intraoral dental
scanner, which records the 3D geometry of the patient’'s teeth. The operator
102 moves the scanner along the teeth of the patient 104 for capturing the
3D geometry of the relevant teeth, e.g. all teeth. The scanner comprises
motion sensors (not visible) for taken the movement of the scanner into
account while creating the 3D model 105 of the scanned teeth. The display
101 is in this example a PC screen displaying the data recorded by the

scanner.

Fig. 2 shows an example of user interface functionality in the form of remote
controlling using the handheld device. The motion sensors (not shown) in the
handheld device 100, e.g. scanner, provide that the user 102 can determine
the view shown on the display 101, e.g. screen, by moving the handheld
device 100.

Fig. 2a) shows that pointing the device 100 down can provide that the 3D
model 105 of the scanned teeth is shown from a downward viewing angle.
Fig. 2b) shows that holding the scanner in a horizontal position can provide
that the viewing angle is likewise horizontally from the front, such that the 3D

model 105 of the scanned teeth is shown from the front.

Fig. 3 shows an example of the handheld device.

The handheld device 100 is in this example an intraoral scanner with a pistol-
grip. The scanner comprises a housing 106 comprising the pistol-grip part
107, and a tip 108 adapted for insertion in the mouth of the patient. In this
example the scanner also is equipped with a button 103 which is an
additional element providing user-interface functionality.

The example system as shown in fig. 1, fig. 2 and fig. 3 comprises a device

100 which is a handheld intraoral scanner and a display 101 which is a
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computer screen. The operator 102 may be a dentist, an assistant and/or the
like. In an example, the action performance or operation functionality of the
device 100 is to record some intraoral 3D geometry, and the user interface
functionality is to rotate, pan, and zoom the 3D model 105 of the scanned
data on the computer screen 101. The integration of the user interface
functionality in the device 100 is provided by motion sensors (not visible),
which can be accelerometers inside the scanner 100, whose readings
determine the orientation, as seen in Figs 2a and 2b, of the display on the
screen of the 3D model 105 of the teeth acquired by the scanner 100.
Additional functionality, e.g. to start/stop scanning, may be provided by the
button 103 as seen in fig. 3. In the example system, the button 103 is located

where the user’s index finger can reach it conveniently.

In fig. 1 the dentist 102 uses two hands to hold the intraoral scanner 100
while scanning, but it is understood that the scanner 100 can also be held
with one hand while scanning. The device 100 can also be held with one or
two hands, while changing the perspective of the 3D model 105 in the display
101. The example shown in Figure 1 thus illustrates the advantage of the
touchless user interface functionality, because in many clinical situations, the
operator 102 should maintain both hands clean, disinfected, or even sterile.

The 3D user interface functionality may be exploited in a separate location
than the operation functionality. For the above intraoral scanning system
example, the scanning operation is performed in the oral cavity of the patient,
see fig. 1, while the user interface functionality is more flexibly exploited

when the scanner is outside the patient's mouth, see figs 2 and 3.

Fig. 4 shows an example of a flow-chart of a method of interaction between a

handheld device and a display.

Exhibit 1002 page 860 of 1005
0860 DENTAL IMAGING



WO 2012/076013 PCT/DK2011/050461

10

15

20

25

30

25

In step 101 at least one action in a physical 3D environment is performed by
means of the handheld device. This action may the scanning of teeth as
shown in fig. 1.

In step 102 the physical 3D environment is visually represented by the at
least one display. This may be the display of the 3D model of the scanned
teeth as seenin fig 1.

In step 103 the view of the represented 3D environment shown on the display
is remotely controlled on the display by means of the handheld device. This
may be the control of the viewing angle of the 3D model as seen in fig. 2.

All the steps of the method may be repeated one or more times. The order in
which the steps are performed may be different than the order described
above, which is indicated by the dotted lines in the figure. If one or more of
the steps are performed more times, the order of the steps may also be

different.

Although some embodiments have been described and shown in detail, the
invention is not restricted to them, but may also be embodied in other ways
within the scope of the subject matter defined in the following claims. In
particular, it is to be understood that other embodiments may be utilised and
structural and functional modifications may be made without departing from

the scope of the present invention.

In device claims enumerating several means, several of these means can be
embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims or described in
different embodiments does not indicate that a combination of these

measures cannot be used to advantage.

It should be emphasized that the term "comprises/comprising" when used in

this specification is taken to specify the presence of stated features, integers,
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steps or components but does not preclude the presence or addition of one

or more other features, integers, steps, components or groups thereof.

The features of the method described above and in the following may be
implemented in software and carried out on a data processing system or
other processing means caused by the execution of computer-executable
instructions. The instructions may be program code means loaded in a
memory, such as a RAM, from a storage medium or from another computer
via a computer network. Alternatively, the described features may be
implemented by hardwired circuitry instead of software or in combination with

software.

Literature:
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Embodiments

The following embodiments relates to one aspect of the system as disclosed

by the description herein.

1. A system comprising a handheld device and at least one display, where
the handheld device is adapted for performing at least one action in a
physical 3D environment, where the at least one display is adapted for
visually representing the physical 3D environment, and where the handheld
device is adapted for remotely controlling the view with which the 3D

environment is represented on the display.

2. The system according to any one or more of the preceding embodiments,

wherein the view is defined as viewing angle and/or viewing position.

3. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted for remotely controlling the

magnification with which the 3D environment is represented on the display.

4. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted for changing the rendering of the 3D

environment on the display.

5. The system according to any one or more of the preceding embodiments,
wherein the at least one action comprises one or more of:

- measuring,

- recording,

- scanning,

- manipulating, and/or

- modifying.
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6. The system according to any one or more of the preceding embodiments,

wherein the 3D environment comprises one or more 3D objects.

7. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted to be held in one hand by an

operator.

8. The system according to any one or more of the preceding embodiments,
wherein the display is adapted to represent the 3D environment from multiple

Views..

9. The system according to any one or more of the preceding embodiments,
wherein the view of the 3D environment represented in the at least one
display is at least partly determined by the motion of the operator's hand

holding said device.

10. The system according to any one or more of the preceding embodiments,
wherein the magnification represented in the at least one display is at least

partly determined by the motion of the operator's hand holding said device.

11. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted to record the 3D geometry of the 3D

environment.

12. The system according to any one or more of the preceding embodiments,

wherein the 3D geometry of the 3D environment is known a-priori.

13. The system according to any one or more of the preceding embodiments,

wherein the handheld device comprises at least one user-interface element.
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14. The system according to any one or more of the preceding embodiments,

wherein the at least one user-interface element is at least one motion sensor.

15. The system according to any one or more of the preceding embodiments,
wherein the handheld device comprises at least two motion sensors

providing sensor fusion.

16. The system according to any one or more of the preceding embodiments,

wherein the user interface functionality comprises the use of gestures.

17. The system according to any one or more of the preceding embodiments,

wherein the gestures are detected by the at least one motion sensor.

18. The system according to any one or more of the preceding embodiments,
wherein the handheld device comprises at least one user-interface element

other than the at least one motion sensor.

19. The system according to any one or more of the preceding embodiments,
wherein the at least one other user-interface element is a touch-sensitive

element.

20. The system according to any one or more of the preceding embodiments,

wherein the at least one other user-interface element is a button.

21. The system according to any one or more of the preceding embodiments,

wherein the at least one other user-interface element is a scroll wheel.

22. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted to change a viewing angle with

which the 3D environment is represented on the at least one display.
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23. The system according to any of the preceding embodiments, wherein the
handheld device is adapted to change a magnification factor with which the

3D environment is represented on the at least one display.

24. The system according to any one or more of the preceding embodiments,
wherein the handheld device is adapted to change a viewing position with

which the 3D environment is represented on the at least one display.

25. The system according to any one or more of the preceding embodiments,
wherein the view of the 3D environment comprises a viewing angle, a

magnification factor, and/or a viewing position.

26. The system according to any one or more of the preceding embodiments,
wherein the view of the 3D environment comprises rendering of texture

and/or shading.

27. The system according to any one or more of the preceding embodiments,
wherein the at least one display is divided into multiple regions, each

showing the 3D environment with a different view.

28. The system according to any one or more of the preceding embodiments,

wherein the 3D geometry comprises a 3D surface of the environment.

29. The system according to any one or more of the preceding embodiments,
wherein the 3D geometry comprises a 3D volumetric representation of the

environment.

30. The system according to any one or more of the preceding embodiments,

wherein the handheld device is an intra-oral 3D scanner.
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31. The system according to any one or more of the preceding embodiments,

wherein the handheld device is a surgical instrument.

32. The system according to any one or more of the preceding embodiments,

wherein the handheld device is a mechanical tool.

33. The system according to any one or more of the preceding embodiments,

wherein the handheld device is an in-ear 3D scanner.

34. The system according to any one or more of the preceding embodiments,
wherein the at least one display is arranged separate from the handheld

device.

35. The system according to any one or more of the preceding embodiments,

wherein the at least one display is arranged on a cart.

36. The system according to any one or more of the preceding embodiments,
wherein the at least one display is defined as a first display, and where the

system further comprises a second display.

37. The system according to any one or more of the preceding embodiments,

wherein the second display is arranged on the handheld device.

38. The system according to any one or more of the preceding embodiments,
wherein the second display is arranged on the handheld device in a position
such that the display is adapted to be viewed by the operator, while the

operator is operating the handheld device.

39. The system according to any one or more of the preceding embodiments,
wherein the second display indicates where the handheld device is

positioned relative to the 3D environment.
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40. The system according to any one or more of the preceding embodiments,
wherein the first display and/or the second display provides instructions for

the operator.

41. The system according to any one or more of the preceding embodiments,
wherein visual information is provided to the operator on one or more means

other than the first display.

42. The system according to any one or more of the preceding embodiments,

wherein audible information to the operator is provided to the operator.

43. The system according to any one or more of the preceding embodiments,
wherein the scanning is performed by means of LED scanning, laser light

scanning, white light scanning, X-ray scanning, and/or CT scanning.

44. A method of interaction between a handheld device and at least one
display, where the method comprises the steps of:

- performing at least one action in a physical 3D environment by means of
the handheld device;

- visually representing the physical 3D environment by the at least one
display; and

- remotely controlling the view of the represented 3D environment on the
display by means of the handheld device.

45. A computer program product comprising program code means for
causing a data processing system to perform the method of any one or more
of the preceding embodiments, when said program code means are

executed on the data processing system.
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46. A computer program product according to the previous embodiment,
comprising a computer-readable medium having stored there on the program

code means.
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Claims

1. A system comprising a handheld device and at least one display, where
the handheld device is adapted for switching between

- performing at least one action in a physical 3D environment, where the at
least one display is adapted for visually representing the physical 3D
environment, and

- remotely controlling the view with which the 3D environment is represented

on the display.

2. A system according to any one or more of the preceding claims, wherein
the handheld device is adapted to record the 3D geometry of the 3D

environment.

3. A system according to any one or more of the preceding claims, wherein
means for manually switching between performing the at least one action and

remotely controlling the view is provided on the handheld device.

4. A system according to claim 3, wherein the means for manually switching
is an actuator, such as a button, a switch or a contact.

5. The system according to any one or more of the preceding claims, wherein

the view is defined as viewing angle and/or viewing position.

6. The system according to any one or more of the preceding claims, wherein
the handheld device is adapted for remotely controlling the magnification with

which the 3D environment is represented on the display.

7. The system according to any one or more of the preceding claims, wherein
the handheld device is adapted for changing the rendering of the 3D

environment on the display.
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8. The system according to any one or more of the preceding claims, wherein
the at least one action comprises one or more of:

- measuring,

- recording,

- scanning,

- manipulating, and/or

- modifying.

9. The system according to any one or more of the preceding claims, wherein

the 3D environment comprises one or more 3D objects.

10. The system according to any one or more of the preceding claims,
wherein the handheld device is adapted to be held in one hand by an

operator.

11. The system according to any one or more of the preceding claims,
wherein the display is adapted to represent the 3D environment from multiple

views.

12. The system according to any one or more of the preceding claims,

wherein the handheld device comprises at least one motion sensor.

13. The system according to any one or more of the preceding claims,
wherein the view of the 3D environment represented in the at least one

display is at least partly determined by the at least one motion sensor.

14. The system according to any one or more of the preceding claims,
wherein the magnification represented in the at least one display is at least

partly determined by the at least one motion sensor.
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15. The system according to any one or more of the preceding claims,
wherein the handheld device is adapted to record the 3D geometry of the 3D

environment.

16. The system according to any one or more of the preceding claims,

wherein the 3D geometry of the 3D environment is known a-priori.

17. The system according to any one or more of the preceding claims,

wherein the handheld device comprises at least one user-interface element.

18. The system according to any one or more of the preceding claims,

wherein the at least one user-interface element is at least one motion sensor.

19. The system according to any one or more of the preceding claims,
wherein the handheld device comprises at least two motion sensors

providing sensor fusion.

20. The system according to any one or more of the preceding claims,
wherein the user interface functionality comprises the use of gestures.

21. The system according to any one or more of the preceding claims,

wherein the gestures are detected by the at least one motion sensor.

22. The system according to any one or more of the preceding claims,
wherein the handheld device comprises at least one user-interface element

other than the at least one motion sensor.

23. The system according to any one or more of the preceding claims,
wherein the at least one other user-interface element is a touch-sensitive

element.
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24. The system according to any one or more of the preceding claims,

wherein the at least one other user-interface element is a button.

25. The system according to any one or more of the preceding claims,

wherein the at least one other user-interface element is a scroll wheel.

26. The system according to any one or more of the preceding claims,
wherein the handheld device is adapted to change a viewing angle with

which the 3D environment is represented on the at least one display.

27. The system according to any of the preceding claims, wherein the
handheld device is adapted to change a magnification factor with which the

3D environment is represented on the at least one display.

28. The system according to any one or more of the preceding claims,
wherein the handheld device is adapted to change a viewing position with

which the 3D environment is represented on the at least one display.

29. The system according to any one or more of the preceding claims,
wherein the view of the 3D environment comprises a viewing angle, a

magnification factor, and/or a viewing position.

30. The system according to any one or more of the preceding claims,
wherein the view of the 3D environment comprises rendering of texture

and/or shading.

31. The system according to any one or more of the preceding claims,
wherein the at least one display is divided into multiple regions, each

showing the 3D environment with a different view.
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32. The system according to any one or more of the preceding claims,

wherein the 3D geometry comprises a 3D surface of the environment.

33. The system according to any one or more of the preceding claims,
wherein the 3D geometry comprises a 3D volumetric representation of the

environment.

34. The system according to any one or more of the preceding claims,

wherein the handheld device is an intra-oral 3D scanner.

35. The system according to any one or more of the preceding claims,

wherein the handheld device is a surgical instrument.

36. The system according to any one or more of the preceding claims,

wherein the handheld device is a mechanical tool.

37. The system according to any one or more of the preceding claims,

wherein the handheld device is an in-ear 3D scanner.

38. The system according to any one or more of the preceding claims,
wherein the at least one display is arranged separate from the handheld

device.

39. The system according to any one or more of the preceding claims,

wherein the at least one display is arranged on a cart.

40. The system according to any one or more of the preceding claims,
wherein the at least one display is defined as a first display, and where the

system further comprises a second display.
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41. The system according to any one or more of the preceding claims,

wherein the second display is arranged on the handheld device.

42. The system according to any one or more of the preceding claims,
wherein the second display is arranged on the handheld device in a position
such that the display is adapted to be viewed by the operator, while the

operator is operating the handheld device.

43. The system according to any one or more of the preceding claims,
wherein the second display indicates where the handheld device is

positioned relative to the 3D environment.

44. The system according to any one or more of the preceding claims,
wherein the first display and/or the second display provides instructions for

the operator.

45. The system according to any one or more of the preceding claims,
wherein visual information is provided to the operator on one or more means

other than the first display.

46. The system according to any one or more of the preceding claims,

wherein audible information to the operator is provided to the operator.

47. The system according to any one or more of the preceding claims,
wherein the scanning is performed by means of LED scanning, laser light

scanning, white light scanning, X-ray scanning, and/or CT scanning.

48. The system according to any one or more of the preceding claims,
wherein a graphical pointer is provided on the display for representing the

movement of the handheld device when the handheld device is used to

Exhibit 1002 page 875 of 1005
0875 DENTAL IMAGING



WO 2012/076013 PCT/DK2011/050461

10

15

20

25

40

remotely controlling the view with which the 3D environment is represented

on the display.

49. The system according to any one or more of the preceding claims,
wherein the handheld device is an intra-oral 3D scanner and the at least one
action performed in the physical 3D environment is scanning and that the
view is remotely controlled by at least one motion sensor arranged in the
handheld device, and wherein an actuator provided on the handheld device
switches between performing the at least one action and remotely controlling

the view.

50. A method of interaction between a handheld device and at least one
display, where the method comprises the steps of:

- performing at least one action in a physical 3D environment by means of
the handheld device;

- visually representing the physical 3D environment by the at least one
display; and

- remotely controlling the view of the represented 3D environment on the

display by means of the handheld device.

51. A computer program product comprising program code means for
causing a data processing system to perform the method of claim 44, when

said program code means are executed on the data processing system.

52. A computer program product according to the previous claim, comprising
a computer-readable medium having stored there on the program code

means.
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forming means based on images forming the centers of
the averall composite so aa 1o form averall rows of teath.
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Description

Technical Field

b

{0G01] The present invention relales o a system whinh caplures an image of the endire oval cavily and displays a
paNoramio image.

Background Art

0 {0002 inihe treatment of loolh cavities and athey infracryd diseases, whernt the targsl treatment ends, the vislts fo the
clintiz usually slso end. Treatmentof tonth decay usually starts when the patient becomes awars of tooth pain, discomfart,
ar ather syraptoms. Whern the treatment ends, the visits to the clinie also end, This is the usual pattern. Therefare, even
if there is other oath decay, § there gre no noticeable symploms, in many cases i is lefl alone - the clinic is visited only
after the tooth decay advances. Further. with such one-time visils to the clinic, a healthy oral cavity is aot secured.

% Slaining, swelling, loss, tarlar, wear, salivary catculus, mismalch, and other iasugs for which there are no subjective
symptoms, bul which can be seen from the outside after often unnoticed by the person in question.

{00031 For the business opergtiony of o dental practice as well, one-time freaiment sometimes cannot by any means
be sakd io be good i tarms of profitability, but there wers no means found which wars suitable for dealing with this. For
gxamiple, PLT 1 discloses a configuration of an elactrordc patient chart in which the antire rows of testh ars dispiayed

& on & computar monitor and which the individuat {seth gre colorad a0 as 1© enable sasy viewing from the patient side.
Easa of viewing the rows of izeth Is a requirement which is sought in informed consent, but even if paris of the eniire
rows of teeth are easy lo view, for use for axplanations of ireatment, greater anlargement and configuration for enabdling
underslanding of the purpose of realment are required.

{0004] Futther, PLT 2 describes a configuration in which g plurality of sets of intracral image dats which s captured

2% in advence are displayed on @ monitor screen of a computer, Furthermors, PLT 3 discloses a method of presentation
by display of mwwing images and still images using a compulsr o as {o nprove the understanding of specialized
ferminology aic. as a fool for oblaining informed consent. Further, i is desaribed that such a presentation methed may
be used for educationat purposes in elementary schools, junior high schools, various businesses, retirement hiomes,
ele. Furthermore, PLT 4 discioses fiucrescent film which enablas visualization of an X-ray image and a configuration
which reflects an image rendered visible by & priem for caplure by a camera.

{00U8]  Ascther patentliteratura retating to dental reedicing, for example, thefollowing such iterature may be mentionad:

PLT 5: Oral Cavity Washer Fitted With Videoscape; PLT € Intraaral Camera Apparatus and Method; PLT 7: Handplece

for Dental Examination and Diagnosts; PLT & Hand Switch for intraorsl Camers, PLT & intraoral Camera With Built-in

Display; PLT 10: Intracral Camera Apparatus and Dental Mirvor; PLT 11: Dental Camera Apparatus; PLT 12 Instrument

35 for Pericdontal Examination Use; PLT 13 Regular Exandnalion Method and Systera; PLT 14: Apparatus Used in Dental
Medicine Environment; and, further, PLT 15 X-Ray Image Detection System for Medinal Use.

G
L=

Citations List
4G Patent Literature
{{iG06]

PLT 1. Japanese Palent Publicalion No, 10-G7404A
& PLT 2 Japanese Patent Publication No. 2008-324426A
PLY 3: Japanese Patent Publication N, 10-97405A
PLT 4. Japanesa Patent Publication No. 10-2017574
PLY & Japaness Palent Publication No. 20601-212181A
PLT 8 Japaness Palent Publication No, 2005-144171A
50 PLT 7: Japaness Patent Publication Mo. 62-246347A
PLY 8: Japanese Patent Publination Na. 20011-2083184
PLT & Japanese Patent Publication No. 2002-3552824
PLT 10 Japanese Pateni Bublication Nao, 2005-304600A
PLT 11 Jaganese Utiity Model Publication No. 5-30402U
PLT 12: Jaganess UtHity Mage! Registration Ma. 31314084
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PLT 14: Japanase Patent Publication Mo, Z008-5185554
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Summary of invention
Technical Problem

& {00071 Numerous proposals have heen made for examination of the oral cavity by using image displays. In the final
analysis, thesa just provide information fo patients by conventional ana-time local treatment systems. They do nofreash
the level of systems designed for ensuring fiaatth of the teeth in the oral cavity as a whale.

{0008] Further, when a dentist explains treatment to & patient, sometimes he or she will use an iraoral inage or X-
ray image obiained by 8 dental camera, pul the image isell is hard to intergrat.

0 {0009 Furthermore, images and data easily understandable by the patient can be expected to help the dentist axplain
diagnosis and treaiment o tha patient, increase interest of the patient in infraoral health, and provide incentive for self
fealth management, bul such equipment, image displays, sie. fuililling this promise have siill nat been proposed.
{0010] Thas dental practios has had to pay more atlantion o business aperations aloag with the increase in the number
of clinics. In order o siabiiize business aperations, entry info new dental diagnosis and lreatment areas, reduction of

5 costs, securing patients who regularly visit the clinics, and sireamiining of the dental fisld have bacome necesaary. For
example, & randheld terminal such as desaribed inthe previnusly cited Japaness Uiilily Mode! Registration No. 3131408U
has also been proposed.

Kolution to Problem
il
{00111 In consideration of the above, the present inveation proposses o provide 8 continunusly caplurad image se-
quence forming means for continuously capiuring side surfaces of rows of tasth 1o form an image saquence, g side
surface tooth row image forring means for combining sequences of images which were forred by the cortinuously
capturad image sequence forming maans as pariial tooth row images from images forming the canters of overall com-
2% posites sa a5 to form a phuralily of partial teoth row images, and a side surface tnoth row image combining means for
finking and combining a phurality of partial tooth row images which were farmed by the side surface tooth row image
forming means hased on an image forming the cenier of the overall composite 50 as to form overall rows of teeth. By
configuration i this way, according o the present invention, it i possible to use a handheld fype of infraorat camera o
form a clear panoramic image of the rows of teeth. Furthermore, it is possible to display an Xeray panoramic image of
{he rows of teeth and & panoramic image of the raws of teeth which have been virtual straightened or virhually teaulified
and nolored side by side of dispiay them superposed 80 us to broaden the range of diagnosis and frealment in the dental
practice.
{0012} Futhermore, the present invention proposes a combination comprised of a unlt image forming means for
forming an image of the oral cavity for sach diagnosis and reatment and care unit, a setting means for seiting diaghosis
3 andreaimentand care ardar information for images captured by unit image formation by the unit image forming means,
a display means for displayving inages, with the disgnasis and treatment and care order infanmation aftached, based on
the diagnosis and reatmend and care arder information so as to be able to be displayed in a list form, and a display
rredium which displays and records display information which is oblained by the display means. By configuration in this
way, asoording 1o the presant invention, i becomes possible © raise sell awareness of the patient aboul {reatment so
44 as o promote intraoral health end encourage regular visits by patients and theraby realize an improvement of the
afficiency of business operations of the denial field.
{iG13] Furthermore, in addition, the present invention proposes pregaring data for ysing @ monilor of a computer efc.
o saplain details of reatment using the above-mentioned method efe. fo the patient, manage attendance of dental
empinyess, manage fens for diagnosis and treatiment, and otherwise have a dehlal employes provess Jaia using &
& pomputer by & compact mobile erminal which is provided with g processor, memary, communicating means, inpulling
mesnas, and display maans. By using such a compact mobile terming!, in the present invention, greater afficiency in the
dental praciice is realized.
{8044] The image whinh is referrad o in the present invention in the final analysis indicates a digital image. Sither a
moving image or & still image may be used. Further, the “image fonrdng the center of the overad composite” in the
8¢ present invention refers fo for example an image common to two gartial panoramic images when combining the two.
"Overall” does not refer fo only the final overall gancramin image of rows of teath, For example, | also includes the cass
of a pancramic image of rows of teeth in the process of combination whick is oblained by first combining two partial
panoramic images of raws of eeth whan forming three of more partial images of rows of teeth, "Combining ... from an
image forming the canter of the overall composites” means, for axample, combining a plurality of still images which
wars oblaingd by continuously capturing rows of testh in the back tooth dirsction from images where part of teath at the
center of the surtace of the front teeth becomas the center so 29 fo form & e side partial tooth row pancramic image
and g right side partial footh row panoramic image. "Linking and cambining” means, for example, combining 3 left side
partial inoth row pancramic image and a right side partial looth row panorantic image at portions common o both oF
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combining them by connection based o linkable portions.
{0015] Ths present invention sometimes sefs & mark at an image including & part forming the senter of combination.
This “raark” indicates, for example, one which will not sastly dissolve in saliva, water, efo. and which has an elongated
rectanguar shape or a seal which has & shon rectangular shape and, for example, is coated on its back surface with a
& binder, adhesive, etc. and oen he pesled off or ancther such deposit. Further, the irvention is not limited o & deposil.
it s also possible to draw a mark on the teath by & pen which can give a removable color which can be clearly captured
stich as green, rad, alc.
{00161 The portion where the mark is made is preferably arrangsd so gs 10 span an upper Wwoth and lower toolh, by,
far axamgple, when capturing the image of anly one of the upper jaw of lower jaw, i may be arranged at only the ane to
W be capiured. Further, the "pradetermined position on the rows of {2eth for making 8 mark” indicates, for exampla, an
image hesaming the center of combinatinn st a position where a change in the capturing direction of the camera, the
way R s hald, ot would cause fhe image capture {0 stop and 1he movement to stop.
{0017] The mark may be formed by a color {green, blue, el Y and shaps which can be sasily discerned in the captured
image. The material and colar are sultably selected. Further, when obtaining a 31 image, it fs possible to use a mark
5 with provides a characteristic 30 property. The mark nead only be one which is shown on the surface of the teeth and
which clearly displays 8 position in the caplured image. 5o for exampls 1 is also possible o provide a means which fires
a laser sighting beam giving a shape of known dimensiona on the tooth surface o to arrangs 8 mesns auch as a spollight
where there is corespondence between the lighling distance and area of the emilted ligh! so as lo enable light to &2
shone from the infraoral carers toward the teeth.
& J0018] The mark nesd only de ons anabling stant of combination from the image whers the mark is captured at a
predatermined posilion. The capturing direction need not always be from the back testh. The capturiag direction and
{he combining direction need not be opposite. At the timea of combination, sometimes the parts are combingd from an
image where a mark is displayed at a8 pradelenmined position to the left and right and Snally the images are combined
as a whole based on an image at which the mark is displayed at a predetermined position. The "predetermined position
25 of e mark for starling combination” includes the Hlustraled case where, for example, the mark is at the cealer of the
captured image, but the inventian s nat imited B this. } may be af any portion where combination is sasy in partial
sombination and overall combination,
{0019] Somelimes, for example, in the case of partial nombination of the three right, center, and ieft side surfaces of
tha rows of testh such as the back side surfacas of the leeth, marks are required at the tosth between the right side
sipface and the center side surface and bva leeth at the cenler side surface and right side surface, that is, semetimes
a plurality of marks may be provided. The “side surface of the rows of lesth” referred 10 In e present invention ig not
fimited to the front side. The back side and bite surfaces are somelimes alsc included. “"Continunus capture” indicates
aulomatic image caplure at @ rate of up o 30 Images per second or less.
{0629 “Combine"is the method of combination of the panoramic images. For the method al the time of combination,
3 existing methods may be selectively used. Simple combination, simple aligament, block matching, the Licas-Kanade
methad and other ogtical flow estimation methods and other automatic ar manual msthods of combination can be utilized,
but itis preferable (o use an affine transiorm or other image adjusting means {n advance and use the common parls
belween images as the basis to adjust the slant, magification, ete,
{00211 The characterizing portion in the presentinvention s a line shape, dot shape, graphic shape, or 30 shape when
44 combining panoramic images of partial rows of teeth, for axample, whan sombining two side panoramic images, the
canter front isath and the boundary lines of the front tzeth, but the invention is not imiled to this. One of the characterizing
teaih of the front teeth or front end of the gqums or other portions are also noluded.
{0022] The "oratcavily” inthe unit imaga forming means for forming an image of the aral cavity for esch urit of diagnasis
and freatment and care indicates the teath, rows of eeth, gums, alveclar bone, lips, hard palate, soft palate, uvula, and
& other regions.
{0023] “Diagnasis and treatmant” ncludes disgnosts and reastment together and diagnosis by 3 dentist and treatment
by a spediglized medical insttution.
{0024] The “diagnosis and treabment and care unit” indicates the range of one Slagnasis and reatment procedure of
{outh ducay, periodortal disease, lorgus cancer, gum cancer, efe. and sometimes also ndicates stair reraoviad, strdght-
8¢ aning, or other care, preventive reaiment, and quasi-diagnosis and reatment,
{0028] “Care” invicales somathing of the exient which can be bandled by brushing or application of Ruarine ar 8
mouthwash ete. and preventive care such as coating the teeth with fluorine, cleaning, coating with & preventive agent
agains! pericdontal disease, and other actions.
{0028] imageforming” indicates conversion to image data which ¢an be oUtpUt to and dispiayad ona computer monior
{display} devire or mahile phone dispiay and also a siate printed an paper of ather slale displayed two-dimensionally
or ihree-dimensionatly,
{60271 Thediagrosis and treaiment and care order information of the setting maans for selling diagnosis and ireafment
and care order information for an image processed by unil image-forming by the unit image forming means includes
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symbols, codes, numerals, elc. indicating the order of diagnosis and treatment, prevention, and care and, in addition,
includes the date and Bime of diagnosis and treatment, the state of advance of disease, pradictions on the advance of
disease, and other data. i nesd only be enough to enatle determination of the order of diagnasis and frealment and
care for at jeast & glurality of unit images. It may be content which can be directly visually confirmed and may be
& paramaters for cormputation which can be confirmed affer compuier processing.
{0028] “Displayed in 2 list form" means af least 8 list of the order of diagnosis and reatment and care which, if in a
state avle to be easlly viewed a3 & whale, is printad on severs shaets of paper or ig displayed as several inages able
o be changad by serofling.
{DO28] The “display medium” which displays and records the display infarmation which is chisined at the display means
10 indicates 3 stale displaved by baing printed ont one of more shegts Of papear or bookists or a siate of image data of the
JPEG, GIF, 8MP, or other formiat displayed in s portable manner. The “display medium” includes & sheel or bookist af
paper, a B8 memory, SI card, memary, or other recording device provided i display device, mabile phane, etc,,
but indicates a least printed matter or an slactronic image sle. which a patient can carry and use to view his o her oral
cavity. Alternatively, it includes the case of viewing one's own infraoral data an a homepage on the internet. Therelore,
% the display mediun inoludas a deskiop ype or notebook tyoe of personat computer.
{00301 The present invention wiilizes & reflacting mireor, 30 the path of the sighling bean is relatively bong. By using
an LED or other sighling beam sourcs with & sproad based on the directiondd angle, it is possibie 1o dlanify the image
capture position and the image caplure range.
[0031] Fusther, the presant invention provides an intraoral cameara which uiiiizes a reflecting mirrer wherein the dentist
& el can clearly undersiand the image capturing position even with an image which Is caplured through this reflecting
MPTOT.
{0032} Futhermors, the present invention maeasuves the posiure of an Intracral camers which moves vertically and
Fanzaniaily by 8 gy sensor 60 a8 1o obiain angle information of the body, derives the angle of the mirror from the angle
of this body, and obtains g grasp of what kind of slate the camera is in. By adjusting the posture of the image from the
2% caplured state, regardless of the siate of the vertically and horizanially maving camera, it is possible o reslize display
of an image in a readily viewable slate st alt tmes.
{00331  In the present invention, an angular acceleration sensor {gyro sensor), accsleration sensor, or other position
sensor is used. Specifically, rale gyros which outpul anguiar acceleration, rate infegrating gyros which output angle,
posture gyros, MEMS {micro electro mechanival systemsiype and other mechanical type, optical type, and other angular
acceleration sensors, plezoresisiance type, electrastatic capacity type, and heat senging tvpe MEMS sensors, and other
acceferation sansors can be mentioned.
{0034] Ths color of the sighting beam in the present inventian may be any colar which can be discriminaiad fram the
color of Hiumination Bght. i the umination fight is while, ihe sighting beant may be red, gresn, ete. Alternalively, as the
timing of firing the sighting beam, a Hming right before the user siarts an image capture operation is preferable, but the
38 beam may also be fired in 2 shodd e during the image capture as well in some cases.
{0035] Furthermore, the presant vention provides a maobile terminal which pan be worh an the body. By aranging
inside it a storing means, campuler, madulating and demodulating means for communication with the outside, and
display means and enabling inpuf and oulputfor the dental practice as a whule, itis possible o manage dentalemployees,
access elechronic palient charts, calculate diagnasis and treatment feas, sl at ong's fingertips and to share, display,
44 and synchronize this information so that aven & bandiul of people can administer the dental offics work and perfarm
administrative processing for disgnosis and reatment in a dispersed manner. This enables thework of the dental gractice
o he streamiined,
{0038] The present invention preferably arrangss an operating interface at a position which can be operated at the
time of reatmand, bt depending o1 the apavatar, the methad of aperation will oiffer ar the fingers will not reach the
& interfzce. Due to such physical factors, an adjusting means is provided for giving & time lag by the methad of operation
of the inteiface betwesn operation of the operating interface and the actual operation performed in accordance with the
state of inability of operation of the stale of explanation in the patient {for example, when an interval is necessary between
the oral expdanation and screen dispiay).
{0037] Forexsanpie, when the uperaling interface is & switch, if the switch is successively pressed iwics, the uperation
& s petformed after 2 seconds. In this way, |t is possible to adjust the delay time by the number of limes gressed or adjust
the timing of display by the display means by the nummber of imes pressed, the pressed time, ete. for a GUI-ike operation.
{00638] Furthermore, the present invention provides & means for fetching an X-ray image and suparposing it over an
actual image ar, for example, splicing ogether Xray images for the differerd teeth to forr & panoramic image and
auperposing it over an actual image oblained by capluring and combining images in the same way S as fo engble 8
paneramic somparison fram te sids surfaces of the rows of testh. By superposing, alighing, eic. this actual image and
X-ray images on & dispiay means, much greatsr undersianding of reatment by the palient is realized.
{0038] Furthermaore, the present invention forms 8 terming! which connects with a8 camputer terminal wirelessiy ar by
cable, is sometimas proviced with a Hguid crystal display, tenkeys, ste., and can be worm al the user arm, leg, or ather
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part 50 a3 to enable input and output of patient information e, with the compter ferminal & one's fingertips, anable
the dentist to oblain past data necessary for irestment and background information for when explaining freatment 1o
ingividual patisrds in a manner not visible to the patients, and enable accurate diagaosis and reastment and explaration
of treatment o the patients.

& {0048] That is, a dental diagnosis and reatment sysiem may be formed comprised of & mobile termina! which is
providad with an input part for inputting dental related information and a display part for displaying dental related infor-
mation, & hostterminal which is provided with a recarding means for lemporarily of cortinuously recording dertal relaled
information and a processing mearne for processing dentad refaled information based on 3 predetermined algorithes,
and an information ransmitting means for ransmitting information between the mobile terminal and a center terminal

10 wirelessly or by fable. In this case, the mobile terminal may be carried by being worn by the dantal employee ont his
arn, fag, uppar torso, lower brso, or athar part of the body. All o part of the dental smiployees can thersiore share the
inforsuation whick s displayed,

{0041] Thae present system may ba configured o be gortable as explained sbove and may be used as a tablet type
or a desklop type PC. In this case as well, centralized management of dental informalion is possibie.

% [0042] A mobiis terminal is 8 terminal which enables input and outpit and enables information processing, so enablas
centraiized management of intraoral infarmalion, dental diagnosis and treaiment information, dental office information,
dental employes information, and other dental practice refated information. Specifically, & displays information from
carresponding sofiware, an inlraoral camera or other peripheral deviee, ete., adds new data, corrects data, delstes {,
and ctherwise procesaes input and stores duta, shaves data with other mobile terniinals and host termiinals and displavs

& gnd processes input in synchronization with the same, but the invention i not limited 1o this. it s sullicient that the
required dental infenmation can be displayed, recorded, input, and processad from the mobile terminal.

{0043] On the computer Mmonifor screen, for exampie, an the soreen of the mobile farmingl, a mend is displayed. In
adgition, various Infermation s displayed by switching of the soreen sach time the user selects # by & mouse el
Aliernatively, a single screen displays all information of a specific patient as an individual window screen.

5 {0044] The user follows the displayad content of the scresn to select; newly add, correct, dalete, and  othanvise inpit

information. Input is perfarmed by using the altached fenkeys or virtual tenkeys or by selecting preset input text by a

mouse, fenkays, els.

{0048] Further, altendance of the deniai employees can, for example, be inpul by the individual employees using their

own niobile termingls and the host terminsl or an attendance-keeping stall can newly sdd, corredt, delete, or othenwise

pracess input from bis of her own mobile lerainal or the bost terminal, # the dental smployess have their own mobile
terminals and ondy the siaff noncernad should perform pracessing through them, i is alwo possible to set passwords for
the stafl concemed.

{0048] “Centralized management’ means, for example, the case where 3 single termiinal is uged for input, output, and

display of intraoral information, dental diagnasis and treatment information, dental office information, denial employes

& information, and other iniormstion related to the dental practice, bul the invention is not fimitad ta this. Even anly partof
thatl informatian is included ¥ sufficlent for the infendad management.

{B347] The gresent invention further forms a dental reatment ment by combining pardial subdivided mages oblained
by subdivision In advance and enables formation of siifl images, slide like moving images, moving images, of other
explanatory images in accordance with the trealment for the individual patients.

44 {0048] The subdividad images are. for example, preferably images of tooth extraction, images of bridging actions of
facing tpeth, images explaining denial work, olc. pragared in advance as CG images and moving images. These are
sefected and combined by the dentisl, dental hyglenist, sfc. based on the galient or ara selacted and combined by the
patient from a display of & treatment meny micluding Uraatment by implants, reatment by prosthetics, ate.

{0048] The selection may be performed by selenting the individual subdivided inages and running theiv consecutively

& png computar. Further, it is also possibie o prepare several existing moving images selected in advance o enable the
dental smployes or patient to view them as combinad maving images for explanation of reatment and see the states
befare reetment, after rastment, and sometimes during treatment.
{0058] These inked inages can be formed jo conten! talfored {n the state of treatment of the patient himseif ar herself,
50 the effect of greater understanding and promation of efforts for preverdion of ooth decay ele. can be expected. Such

8¢ partial moving images and images of the patient caplured by camera means may be convertad to the same imags farmat
for use, A trealment syslern which is easy for the patient fo understand and which is easy for the dentist or other user
1o use is therefore provided.
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{0081] Tha present invention enabley the dispiay of part or all of rows of {eeth by & clear panoramic image using the
actus! inage and further, sometimes, enables display of an X-ray image superpnsed ar in paraiisl, so that dispiay ran
be used o explain 1o 8 patient the diagnosis and reatment in an easily understandable manner.
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{0052] Fusther, the present invention enables the image capluring position of an infraoral camera which usesa reflecting

mirroy 1o be ascurately displaved and enables the capturing posture of the samera unit being moved up and down in the

aral cavity o be isamed and adiusted o a state faciliiating viewing of the caplured image.

{0053] A patient can constanily check the situation in his or her own aral cavity and the necessily of dlagnosis and
& eatment by a porlabie dieplay means by which these are displaved ob paper or in a recording rmedium i a list forral,

Due tothis, the possibility of on-going diagnosis and treatment and care for maintaining intraoral health becomes higher

and the prafils in the dental practios can be increassd and other facels of business can be impraved.

{00654] The present invention further enables all processing in the denta! practice 1o be handisd using a mobile terminal

abie to process digital data and therefora enablas rationalization of wark and redusction of costs.

0
Brief Desrigtion of Drawings
{0055]
% FIG. 1} FIG. 1 is a block diagram for showing an embodiment of the prasent invantion.
{FIG. 21 Fi3. 2 is a schemalic view for explaining an embadiment.
{FIG, 3TFIG, 3 ia 2 schematic view for explaining an embodiment.
FIG. 41 FIG. 4 15 a schematic view for explaining an embodimant.
IFIG. 8] FIG. 5 is a block diagram for showing another embodimearnd of the present invention.
& FIG. 81 FIG. 8 is a schematic view for explaining an embodiment.
fFIG. TIFE3. 7 Is & schematic view for explsining an embodiment.
{FIG. 8] FIG. 8 is a schematic view for axplaining an embordimant.
FIG. B} FIG. 8 is a schematic view for explaining an embodiment of the preserd invention.
FIG. 101 FIG. 10 is & schematic view for explaining an embodiment.
3 {FIG. 141 FIG. 11 is @ schematic view for explaining an embodiment.
{FIG. 12 FIG. 12 s & schematic view for explaining en exbodiment.
{FIG. 13} FIG. 13 is a blook diagranm for showing ancther embodiment of the present invention.
FIG. 141 FIG. 14 is 2 schematic view for explaining an embadiment.
FIG. 18] FIG. 15 is @ schematic view for explaining an embodiment.
& {FIG. 18} FIG. 18 s & schematic viesw for sxpiaining an embodiment.
{FIG. 1FIFIG, 17 i 5 schamalic view for expiaining sn emmbodiment,
{FIG. 18] FIG. 18 is a biock diagram for showing an embodiment of the present invention.
{FIG. 191 FIB. 19 is ¢ schematic view for explaining an embodiment of the pregent invention,
{FiG. 201 FIG. 20 is @ black diagram for explaining ar embodiment of the present invention.
3 {FI. 231FIG. 21 i9 a bloek diagram for explaining an embodiment of the present invention.
FIG. 22} FIG. 22 is » schamatic view for expiaining an embodiment of the prasent invention.
FIG. 23 FIG. 23 is a schematic view for expiaining an embodiment of the gresent invention.
FIG. 241 FIG, 24 is & biock diagram for sxplaining an embodiment of the present invention,
{FiG. 2581 FIG. 25 is & biock diagram for explaining an embodiment of the gresent imeention.
44 {FIG. 268} FIG. 28 iz a block diagram for axplaining an embodiment of the presant invention.
FIG. SFIG. 27 is a schematic view for expiaining an embaodiment of the gresent invention.
FIG. 281 FIG. 28 is g schematic view for expiaining an embodiment of the present invention.
FIG. 291 FIG. 29 is g block diagram for sxplaining an embodimsnt of the present invention.

& Dasoription of Embodiments

{0058] Next, varicus aspects and embodiments for working the presert invention will be explainad in detail while
referring to the drawings. However, the preseat invention is aot fimited lo only the aspents descrdibed below. ¥ should
be understond that various ehsnges and inprovements may be made within the scope of the present inverdion.
& 00571 The present invention continuously caplures imanes of raws of testh, Uses panoramic image combination to
form parlial penoramic images, and comblines these partiad panoramic images to form sn overall panoramic image of
the rows of festh. Preferably, marks are provided af the combined parts. By doing this, # i3 possible 1o easlly form a
panoramic image of rows of teeth by a handbeid camara.
{0058] Tho present invention acguires a unil Imags corresponding o diagnosis andg treatment or care from intraoral
images which are caplured at the time of denta! diaghosis and reatment or examination and diagnosis by using an
intracral camera or X-ray camera system and intvaoral images capturad a8t the home, This unit image is for example
shown on a computer monitor {display) device which enabdes viewing (ogether with the patient. The paliant views the
state inside the oral cevity. While doing this, he or she warks with the dentist to enter the order of diagnosis and freatment,
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the period of start of treatraent, the degree of necessity of diagnosis and treatment, etc. The oblained diagrosis and
freatment and care order information and unit image are printed out on a single sheet of paper or stored in @ mobile
phone which is provided with a storage medium and displaved on the monitor of the mobile phone. Altematively, itis
upioaded o a homapage of the dentist and displaved on an individual's own screen.

& {0059] The gresent invention provides a partable, wearable mobiie terminal which includes inside it a storing means,
computer, modem means for communication with the owtside, and display means so a3 1o enable input/output and data
processing for the dental practice as s whole. Using this, # {s possible Id manage attendance of derial eraployess, make
antries into elecironic patient charls, caloulate diagnosis and treatment faes, and have dents! employsss perform other
work at their handheld terminals and share this information. The mobile terminal s connected with 3 host terming!

10 wirelessiy by infrared, Hight, or ather mediz or is connected by a cabile, Alternatively, the michile lerminal may be connecied
through & wirsfess LAN, wired LAN, att. 10 a cloud compling compuler nebwark by designing #t to have computer
specificaions.

{First Embadiment)
5
{00601 FIC. 1A is 3 view which shows an embodiment of the gresent inventinn. In the figure, referance numeral 11
indivades an intraoral image inputting means, for skample, a device which tges g camera for capluving images of all
teeth of the upper jaw and lower jaw st as lo obtain digital image data.
[0061] The intraoral Image inpuiting means 11 is, for sxample, 2 reflection type of denial camera which uses a convax
& mlrror such as shown in FIG. 30 or ancther camara for capturing an image of the oral cavity using a fisheye's fens and
autpits & digital image of aif teslh, Alternatively, as ghown in FIGS. 64 and 68, i is possitde lo use an ondinary infraoral
camara 1o caplurs images of the individual teeth, extract cantours from the Individually captured images, connect the
contours al Ye shared parts, and combine the iraages o obtain an ovenalt image of Hhe seth.
{0062] Reference numeral 12 indicates a diaghosis and frealment potiion detecting means. This, for example, is for
2% sefting 8 footh for disgnosis and trestment or for care and a pradetermined rangs of that tooth. This culs eut and extracts
a tooth ram a broad range infracral image, which has been input by an intraoral image inpulting meaas 13, by visual
inspection while using graphics software. Further, it extracts and finds the contour of the tooth by software processing,
assumes the exfractad contowr o be a oircle and finds its center, and exiracts an image of a radiug 10% to 20% larger
tharn the radius of the contour from that center.
{0063] Reference numeral 13 indicales a unlt image forming means. This processes the image for diagrosis and
freatment, which was obtained by the diggnasis and Festment portion delecting means 12, for display use. This s for
farming an image with g region for entry of the diagnosis and trealment order and comments. The unit image farming
maang 13 automaticaily creates and displays templates by designation of the diagnosis and traatment portion by the
above-mentioned diagnosis and treatment portion detecting means 12 by operating icons by software
& {00B4] The image which is shown is somelimeas just 2 designated range of the image which was inpul by the infraoral
image inputiing means 11, # may also be 3 separately prepared template for unit image display which the gser himself
of hersaif designates. The image may further be one which is displayed after being paplures by a sultable camera which
uses a reflecting mirror which is shown in FIG. 2 &t the time when the unit image is displayed. The image may also be
initiatly displayed as a moving image in the untt image area and then confirmes and displaved as a stilff imane by pressing
4@ aconfirmation button,
{D085] Heference numeral 14 {s a diagnosis and reatment order selling means. For axample, the state of advance of
tooih decay or the degree of disgnosis and treatment and care may be used as the basis for the dentist {o determine
the order on his or her own of in consultation with the patient or by automatic measurament of the siate of advance of
tooth desay or degree of deformation of shape. Far automatic determination of the ovder, it is possibie 1o oorvent the
& difference in cotor of the teeth (o a numerieal value for comparison with a certain threshold value or determine when a
degres of deformation has axceeded a basic shape of a hoth by a certain extent or mare orwhen the size of a gpectral
component based on the wavelength to an lumination light scurce of the toath decay detection wavelength is a prede-
termined value o mare s as o detennine the order. The order of the images may be changes on the sareen of the
muonitor (Haplay} device.
& [0068] The above mentioned changes are lalked aver with the patient, then the order of reatment and diagnosis is
delermined, se by pushing the confirmation bulton after determining the order, the order of unit images which are placead
on the screen is automatically changed and the result printed ol for patierd use, so the diagnosis and treatment time
car be streambined,
{DOB7] Reference numeral 15 indicates a diagnosis explanation forming means. in the seme way as the disgnosis
and realment order selting rsans 14, this s a means for entering the time of start of slagnosis and freaiment, ths
urgenoy of diagnosis and traatmand, the diagnosis and rsstment tachnique, and other content which the patient belfevas
necessary as data. This may be entered by input fram a keyboard of 3 computer {for axample, 315 of FiE. 3), selection
of gel explenations by nperation using a mouse (for example, 316 of FIG, 3}, or nput by connacting operaling bultons
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of the intracral camera which is shown in FIG. 3 with the input interface of the computer and in that state opersting the
buttons sitachad o the camera bady,

{0068] The diagrosis explanation forming means 15 has the date of start of diagnosis and treatment or scheduled
date of diagnosis and reatment enteres from the cells 21b to 230 which are shown in FIG. 2C w FIG. 2E, but i is also

& passibie that the sarlizst date enabling disgrosis and treatmeni be automatically displayed for that dale.

{0069] The earliest dale erabling start of diagnosis and treatmant may also be set by a function of calling up the
diagnosis and treatment scheduled start date enlry fields from the Jatabase of patierts recorded and storsd in the
recording means 17 and displaying the garliest date among the dates with no entries,

{DOT8] The spacific configuration is shown in FIG. 18. This is part of the configuration of the disgnosis explanation

10 forming means. Therastis omitied. Reference numeral 151 indicates 4 patient dalabase calfup means. Thisis adalabase
in wehich the image data which is shown in FIG. 2, the arder data, dala on the date of start of freatment {including time),
and explanstory data are recorded, This is managed as s genenyd practice, so related dabs s recorded in & lempatary
recording ragion. This may be configured so that when the stored data is voluminous, data is called up to the datebase
for each examination.

5 [0071] The earliest dizgnosis and treatment date searching means 152 calls up the diagnosis and traatment stari date
data from this and searchss for a date where ne diagnosis and treatmeant start date s entered from this starting from
{he search start date. When there is data which does notmatelv i, this is otipit gs the earliest disgnosis anc eatment date,
{0073} Feferonce numerat 153 indicates an earliest diagnosis and treatment date display means which displays s
dale searched for and detecied by the satliest diagnosts and reatment date searching means 152 on the display part

@ of the unit image.

{00731 Relerence numeral 154 indicales an open diagnasie and beatment dale display means which digpisys the
ogen dates and imes of diagnosis and teatment in an asaslly understandable format. For axample, an analog closk and
catendar can be schematically displayed or otherwise a computer moritor can be made to display ualis of mornths, unils
of several monihs, or units of years.

25 {0074] Reference numeral 155 indicates a decision inpul means for input of the consent of the patient and recordal

of it fn ihe database.

{0075] Reference numeral 156 Is a recording means for recording o a database. This recording means 158 is the

same as the recording means 17, inpul may be renorded as finalized in the recording means 17, but the date and time

of diggnosis and freatmant have (o be guickly recordad in the database since there is & possibility of another dentist
simultaneousdy selling up a schedule liks that of the patient. Therefors, as soon as the decision is made, # is preferably
recorded in the database,

{D0TE]  Returning again to FIG. 1A, 16 s 3 digplay and output means for editing and displaying images comprised of

unil images, diagnosis and treatment orders, and diagnosis and trealment sxplanations on a screen of 3 computer

monitor (display} device or using a printer (for example, 317 of FIG. 3} {o print editerd images an paper.

& {0077] Relerence numeral 17 i 2 recording means for recording the edited image data. i records # as part of an
alectranin patient charl stored by the dentist or repords |t in a patient mobile phane or camputer thraugh a storage
mesum. The recording means 17 includes 3 dalatase which stores data of all of the patients from dala of the individual
palierds.

{00781 Next, one exampie of an intracral camera will be shown by FIG. 3 and explained.

44 {0073] Referercea numeral 301 is a housing for holding use. it s shaped as a lube so as to form a pencll type infraoral
camera. iaside, a circuit board, 3 USR connection circuit for connection with the oulside, and a USB socket are contained.
{0080] Althe front end, a cameara unit 308 is integrally connectad. For axample, as shown in FE3. 3E, the camera unit
308 has for examiple 3 CCD pamera arrangad atits conter and has white LEDs and other color LEDs and other lumination
devices 313 arranged around #t b a noncentric circle af equal indervals.

& [0081] Referance numeral 202 is a reflecting mirror unif, Alits front end, & fiat mirrer 303 which is arrenged at a for
axample 45 degree angle s connected. At s back end, a tubular pad 308 is formed in 2 siate enabling insertion into
the outer nircumigrenne of the pamera unit 308 and enabling replacement. The owter shape of the camera unit 308 and
the inner shape of the tubidar part 308 of the reflacting miredr unit 382 are prefersbly made slliptical so that the parts
will not rotate when Testensd by insedion witl each other.

56 {00821 The reflecting mirror unit 302 can be suitably replaced. FIG. 3B shows the state where & reflecting miror unif
pravided with a flal mimor 303 is altached, while FIG. 30 shows the stale where a reflecling mirror unit 310 where &
spherical surface shape convax mirror 308 is attached is inserted inte and joined with the camera unit 309,
{00831 Wren capluring alf of the teeth in this way, the reflecting mirror unit 310 whish has the convex mirror 308 of
i3, 30 connacted to i is used. The convex refliected video of the convex mirror 308 is captured by the camera 313 of
the camera unit 302, The awtput light of the lumination devics 312 is reflectes through the convex mirrar 308 W Hight
up the obsarvad portion of the oral cavity. The camers 313 is iffustraled as a CCO type, C-MOE type, st For the
rescivtion, a highey imagse guality is praferable, but when mainly capluring a maving image, the image quaiity may be
kapt fow in use.
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{00841 i the case of normal image caplure, e tobular part 305 of the reflecting mirror unit to which the fal mimor
303 which ia shown in FIG, 38 is atlached s inserled into the cuter circumfersnce of the camera unit 309 to join Lor use,
{008%] Relerence numeral 304 is 2 lead line such as a dedicaled electrical fead line or a general use USH cable ate,
{0088] Reference numerals 308 and 307 are operating buttons. These are ana or more push type, rotary type, compasite

& type, or oty outtons. in the present ambodiment, two are showrn. in addition fo turning the power on or off or otherwisa
aperating the camera, somelimes a salection and operation use display window which is displayad on a monitor 3144
af a computer 314 which is connected throtugh a lead line 304 is operated by pressing this aperating bulton 307 in a
GUI {graphical unit interface} funclion, For examiple, the cperating buttons 306 and 307 can be operated when automat-
ically rearranging the unil images in arder afler the order has been determinad.

0 [D08T] Forexample, reference mumeral 306 may he made 3 bullon corresponding tn the left alick funaction of 2 mouse
and 307 may be made @ bullon carraspanding o the Aght olick funetion.

{D0R8] Relererces numerat 314 ndicates a compuier which is formed idagrally with = monitor (cisplay) 3148 g5 one
axamgle. in addiion, # may also be combined as a dedicated devics.
{b089] Reference numeral 315 indicates a keyboard, white 318 indicates a mouse for a computer. Both are used for

% operating the computer, Furthermora, they may also doubls as swilches for operating the intraoral camera.

{00801 Reference numeral 317 indicales a printer. it is formad by an ink jet type or laser tyge coler printer ele. and is
used when pristing out  patient’s own intracral imags (o give 1o the patient.

{0091} FiG. 30 shows a raflecting miror unit 318 which uses a concave mirror 311 as a reflecting miror. For examgle,
this is used when an enlarged image is required. Allernatively, in the case of an oral cavily, when capiuring enfarged

& oply the inside of e rows of testh, somatimas tha curvature of the concave mirrer 211 is adjusted to a direction close
{0 a fat mirrer and the rows of tesll are captured from 3 loestion somewhat separated rom # 5o as to obtain a wide
rangye inage shown in the present invantion.

{00392]  In the preserd invention, sometimes ool just the rows of tseth bul also the fongue, lips, gums, ste, included in
& wide range image are handiled as a unit image. For example, the present invention can be suitably ttifized i the case

2% of displaying 8 polyp, which can be a8 manifastalion of tongue cancer, as a unit image and explaining diagnosis and

freatment.

{0083] Naxt, the present inverntion will b2 explained while referring to FIG. § which shows one example for forming an

overal fnoth inage. The camera which is used i3 one using the reflecting mirror unit 302 using a fat mirror 303 such as

shown in FIG. 3B, Alflernativaly, the image may be caplured as a still digital or may be caplured as a digitel moving

fmage. Furthenmare, when oblaining a pluradity of still images from a digital maving imags, since this iy for capluring a

moving image, the number of pixels heoomes relatively small, therefore { s prefarable to caplure stilf images by anauto

catcher while maving.

[0094] Al of the teath of the fower jaw 800 which is shown in FIG, BA are caplurad while making the Jat mirror 303 of

the reflecting mirmoy unit 302 move in the direction from the capture planes 601 to 613, When caphuring a digital moving

3 fnage, the result is simitar 1o the case of inpulting still irmages at a rale of about 3isec, so i the reftecting mirror part of
an Intranral cameta for capturing a digital moving image is made 1o move along a path from the image captare planes
801 t0 817 of FIG. 8A, 2 large number of stil images can be found. Further, cantinuous caplurs of shilf images gives a
greater number of pixels and a higher resolution than acguisition of still images by capture of a moving image, so this
{x 8 weferable mode when acquiring images of individual tzeth from this overall footh image.

4G [0085] FIC. 8B shows parls of the individual images whan performing a sapiure oparation which is shown in FIG. 6A.
Heference numeral 613 indicates an image of 8 common part of the images 601 and §02, 614 indicales an image of a
common part of the images 802 and 603, and 8§15 indicales an image of a common part of the images 803 and 604, In
addition, the caphurs operation is performed so that unages of common parls are obtaingd for 604 and 608, 805 and
H06, 506 and &7, 507 and 8018, GI8 and 604, 6113 and £10, 810 and 611, and 811 and §12.

48 {0088] For example, these imagss are digialized 1o oblain the contours, then are superposad so that the contours of
the caommon parts mateh bebyeen images. Furthermore, the images §05, 808, 807, 608, 509, 810, 11, and 512 are
sunoessively captured and these images are linked based on their mutually cormmon parts 0 obtain an overall looth
fmage. A panoramic type image of the bite plane can be formed by known panaramic image nombining software, but
when there is the effect of shaking due tu holding tie careera by the hand, the inages are corrected before corabination,

& so somelimes processing by affine transformation is preferable.

{00971  Nexi, the oparation of the above embodiment will be explained in defail white referding i FIG. &

{00698] The intraoral image inputting means 11 is used o capture an image of for example the entirs testh of the upper

jaw in the aral cavity. The position of the capiurad image is shown in FIG. 28, The intracral irmage inputting means 11

nead only oblal an inwge which includes the tooth which the dentist is diagnosing and treating and which enabies 10

which part in the oral cavity this corrasponds fo be understond.

[0098] Tha image which is shown It FIG, 2A, for examply, is capturad by the infraoral camera unit which is shown in

FiG. 3C which is shown in FIG. 3C. Furthermare, itis possible to calibrate this so asto correct for distorfion. Aternatively,

the intracnat image inpulting mesns 17 does pot necessarily capture all of the tesliy, it may aiso capture part of the teeth
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or a single tocth, FIG. 28 shows the upoer jaw 20 and caplures all of the teeth and the hard palate part, This gortion is
sometimes both diagnosed and traated,
{0308] Next. the diagnosis and teatment portion detecting means 12 is used o automatically or manually extract a
pattion requiring diagnosis and treatment or care. i extracting it manually, inthe same way as graphic soifware, a mouse
& is used o designate this portion by a oircle of square, ihen the portion fs copied, cut, ele. and furthermors pasted. i
FiG. 2A, 20a, 20b, and 20c indicate the siate of using graphic software fo manually or automalically designate and
display 3 tooth 1o be coverad by a conspicucus calor tircle.
{811} “Manually designste and display” s to operate a mouse of Reyboard which is for example sitached o a computer
sa &s to draw a circle, square, or other conlour ete. and process the inside, while "autamatically designate and dispiay”
1 s to for example use a mouse to move a poird io g designated portion on the soreen and press a butlon so as to display
a oircle of 3 pradefermined radius or a square of & predetermined area and proness the inside.
{03021 Nexd, the unlt image forming means 13 adiusls the designated teoth 20a which is showr in FIG, 2C {6 & unit
image 21. At that ime, for axample, an order field 21a in which the order of reatment is enterad after the order is
deiermined, a diagrosis and reatment starl date fiekd 21b in which for example the start of reatment is enlered after it
% jsdefermined, and an explanatory field 210 in which what kind of diagnosis and traatmeni are {o be performed is enterad
are additionaily set. This earliest diagnosis and restment date is, for example, displaved in the diagnesis and freatmend
stari date field 21b of the unit image earliest in order in FIG, 2, ¥ the paliant consents 1o this date, the opsration shifts
o the decision input maans 155 which decides on this date and records i in the patient dalsbase by the recording means
158
& 101031 ¥ the pationt dogs not consent, the open disgnosis and treatment date display means 154 displays ths cpen
diagnosis and treatmeni dates in & 2D Torv like & calendar formal. This display may be of & list type, a page flipping
fype, of ofher type emploving dispiay of a schedule. s sufficient that it at least be a display which the patient can easily
ungeraland.
{0404] Notethat notonlyihedate, bt alsothe time isrequired, so the time is also preferably displayed simuttaneously.
23 i agreement is reached on the date of start of diagnosis and treatmsnt based on this display, the decision input means
188 is used to ingul that date and time and the recarding means 158 is used o recwrd therm in the database.
[0108] The next unif image in order is shifted to and a similar date of starl of diagnosis and reatment s decided and
enierad,
{0108] This scheduling aperation of the diagnosis and reatment date is effective for clarification of the schedule since
when the present invention sels a pluralily of scheduled diagnosis and treaiment dales, | is necassary to avoid conflicts
with sehedules of other patients - whinh does not ooty with singe-instance diagnosis and treatment,
{81071 Note thal, the 1D number may be enteved in any field for each toath, This field is for example an input use box
display used It ihe database. The disgnosie and treaiment date can be automatically determinad as a date which is
apen in visw of the diagnosis and reatment schedules of other patients, 50 when 2 unit imags is displayed, the apen
& fime siols may aive be displayed from the data of patients. The contentwhich is displayed in a window may be the image
hefore reatment with finids in which at least the order of treatment is displayed or in which 1D codes are attached.
{D108] FiE. 20 shows a unil inage 22 which shaws 3 topth 20b for diagnosis and reatment of FH3. 24, while FIG.
28 shows a unif image 23 which shows a tooth 20¢ for disgnosis and treatment of FIG, 2A.
{0109 The unit image 22 displays an order field 22a, diagnosis and treatment starl date fleld 23h, and explanation
44 finld 22¢ alf fogether. FIG. 2E similarly shows a unit image 23 which shows an order field 23&, diagnosis and raatment
start date fiels 23b, and explanation field 23c all fogather. Note that, when finalized, a confirm button {including a virtual
buflon which is displayed on the screen) is pressed. By pressing the confirm button, the display may be rearranged
along the numibers in ths order sniry fsids, By aulomating this work, in the final analysis, the time for preparing the
pagenvark to be hansed over to the pallent can be shartenad.
48 {0110] The view which is shown b FIG. 2 sometimes is shown in its antirety on a single compuier monitor, In this case,
this sometimes doubles as the aperaling range of the display and oulput means 18,
{0111]  Inthediggnosis and reatment order setting means 14, {he order in the order fleld 22s ls determined and entered
by the denlist alone or by the dentist and patient in consiuitation. Similarly, the diagnosis expianation farming means 18
{s used o rake entries it the diagnusis and treabment start date field 220 and the sxplanation fisld 22¢. These entries
& include considerable specialized matter, so sometimes are mads by the dentist alone in advance,
{0442] The display and oulput maans 16 forms and displays on the computer soreen the finalized plurality of unit
images and stale including afl tooth images. The display and output means 16 preferably displays any dental diagnosis
and irealraent which are performed on the same soreen when they are perfarmed.
{01131 However, when there are many unit images, they may be displayed by scrolling or may, if necessary, be reduced
in sl of shown by thumbnails. Furthermaore, the finalized image al the display and outpul means 18 may be printed
by & prirder ot paper 1o be given to the patlent. The palient can Keep the image of his or her own oral cavity. This is
expectad to lead to reguiar visits fo the clinic to maintain oral cavity health. Further, after diagrosis and reatment end,
the image of the wral cavity 18 agaln caphwed as shown in FEB. 1L
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{01141 The tooth 20a of the same portion is displaved as a unit image 24 as shown in FIG. 2B, Reference numeral
24d indicaies the diagnosis and treatment portion, while 24a displays the arder when, for example, the diagnosis and
freatment arder setting means 14 is used o search for the same image dala from image data for which the diagnosis
and reatment onder hes been set in advance and thal order is shown. For exampls, the diagnosis explanation forming
& mesnas 15 is used to desoribe the renorded maiier ele. In advance al the tms of diagnosis and trestment.
{0115] Further, the unit images after diagnosis and treatment which are showrs in FiG. 2A van be displayed atlocalions
adjoining the same unit images before diagnosis and estment 50 as to increass the frust in the dentis! and kesp the
patient aware of the liming for visits to the olinic or maintenance of the dlagnosed and reated iaeth, Refarence numearal
24c indicates the expianation fleld for example after diagnosis and treatment. This is more preferably an explanatary
10 feld for consuitation with the patient over the sizrt of the next dizgnosis and treatment.
{0118] Further, the display and cutpul means 18 uses a prinfer io print ouwt on & single sheet of paper for example the
four inages which are shown in 400 of FIG. 4. This s handled o the patient o impress on the patient the need for
cantinuous diagnosts and treatment. Note thal, 400 doss not show the intracrat wide range image which is shown in
FiG. 2A, bul preferably shows the wide range image so as o dlarify the Hagnasis and treatiment portion and thereby
% obtain the further understanding of the patient.
{01171 The display flelds of FIG. 2 and FI3. 4 are an example. The number of display fields per unit image and the
displayed content are sultably selacted in acgordance with the purpose of the treatment, schedule, elc.

{Second Embodimeant)
il
{03118] Next, another embodiment will be shown in Fi3. 5 and explained. In the figure, reference numearal 51 indicates
2 wide range image inputting means. This is g means for capturing an image of all teeth of the upper jaw and 2l teeth
wf the lower faw of the aral cavily. For example, it s possible to caphure all teeth which are reflecied in the convex mirror
which is shown in FIG. 3C by 8 camera so &3 o obtain @ wide range image or fo continuously caplure images shown
2% in FiG. 8 and combing common parts fram the still images forming the digital moving image so a5 to form a complete
{footh image.
{0119] Reference numeral 52 indicates a tooth detecting means which exiracis image data of respeative seth from
the raws of teeth oblalned by the wide range image inputting means 51, The axtraction may, far exanpie, be performed
by a maans using & contour extraction program o extract the peripheral sides in just a predetermined range o form an
fmage of a single tooth and also by 8 means which uses the Hat mirror which is showa in FIG. 38 to capture the individual
teath and form a single image, but the method of culling out unit images from the overall tooth image and intraoral wide
range image so as lo form images of single teeth is both rational and preferable in some cases.
{0420 Reference numeral 53 indicates & unit image forming means which adds to the individual images chlained by
the woth detecting means 52 the respective arder enfry fields, diagnosis and freatmen explanation entry fields, elc. fo
& form the display use images. Futdhermaore, i is prefecable Io form & loolh database and attach unique codes to manage
the taeth.
{0121] Heference numerat 54 Indicales a diagnosis and trealment image selecting means fur selecting a tooth for
dlagniosis and treatment of toth decay, loss, ele, The dentist can visually, or through & comparisen with previously
registered data which is read oul, selec 3 looth for diagnasis and treatment based on the differences in color, shape, etc.
44 {0122] Refererce numersl 55 indicates a diagnosis and restiment order selting means by which the dentiat decides
or the order of the leeth for diagnosis and treatment on his or her own or by which the dentist and patient decide on this
bydiscussion based on inages displayed onacomputer monitor {for example, mondor 3144 of F1G. 3Aj or prinfed images.
{04231 Reference numeral 56 indicates a dingnosis explanation forming means by which the peried of diaghosis and
freatment, date of start, and Jetalls of the diagnosis and treatment and the necessity of care ale, may be entered by the
48 dentist alone or by consuitation with the patient and by which explanations recorded in advanae based on compariaon
with previous dada raay e displayed according o the magnitude of the differences.
{0124] Reference numerat 57 indicates & display and oufput means by which the display image for diagnosis and
treatment may be displayed on 2 single sheel of pager or may be displayed oa 8 camputer monitor {for example, 314A
of FIG. 3A} for use for explanations for obtaining patierd consent and understanding. Altervatively, ave image which is
8¢ printed out on paper may be provided to the patient and used for scheduiing fulure diagnosis and treaiment 50 as o
reafize oregoing dental diagnosis and treatment.
{01251 Refarence numeral 58 indicates a recording means by which information may be recorded as a patient chart
or databmse oF by whish information is uploaden to @ slorage area axclusively for the palient in a server. Tooth image
data may also be recorded al the recording part of @ mobile phone of a patient.
{0128] Next, the opsration of the smbodimant which s shown fn FIG. & will be axplained with refsrence i FIG. 7. in
the presant epibodiment, a wide range image inpulling means 51 is usad o caplure an inage of all of the teeth from
the aral cavity of & patient so as fo form image data 700 of all teath comprised of a singie or multipls images {ses FIG.
TAL The image data 700 whinh shows alf teelh can be formed by linking the stil images which are shown in FIG. S as
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gne example. From the oblained wide range mage data 700, the ooth detecting means 52 manusally or awtomatically
forms jooth images,

{01271 As the technigus for aulomatically deledting teeth, the intraoral image data may be processad by a cordour
axtraction grogram o extract contours and detect the contours of the teeth. In this case, § the confours are incomplete,

& several points are detected and a virfua! circle which passes through thess points is formed. This virtua! circle can be
deemad as the position of one tooth, so the radius from the envisioned center can be eniargad by exactly a predetermined
vahie and a square surface can be extracted as an image of one fpath.

{0128] The extracted images become, for exampie, &8 shown in FIG, 7B, tha tooth image 701 for the tooth 71, the
taath image 702 for the tooth 72, and the tooth image 703 for the toath 73,

10 {0120 Next the unitimage forming means 53 Is used to link the images of these teeth wilh identifiers and other patlent
information for unit image foration (see FIG. 7CL A unil image 74 includes 3 tooth image 701 and & display field 704 for
antering the diagrasis and reabment arder efc. The unil age 75 inclhudes & tooth image 702 and a digplay field 703,
while the unit image 78 includes 3 fcoth image 703 and g display field 708, Thase unit images are recorded in a praset
patient dalabase and form an upper and lower infraoral data list of the patienl.

% I0130] The diagnosis and treatment image selecting maans 34 visually or automatically axtracts from the urdt images
& unit image 77 which shows an image of 8 teoth for diagnosis and freatment or care (see FIG. TO).

{01311 In the diagnosis and treatiment ordar setting means 55 and diagnosia explanation forming means 59, which
have configurations similar to FIG. 1 and perform sirnitar aperations, the dentisi enters the diagnosis and {reatment arder
&te, slone or preferably whils viewing the unit tooth images dispigyed on a computar monitor togather with the patient.

& 10132] Further, when the diagnosis and freatment order has been detsrmiined and the date of start of diagnosis and
freatment alc. has besn endered, the display and culput meang 537 may also display on the computer mondor 78, Tor
axampte, an array of unit images displayed In sequence as shown in FIG, 7K an, as shown in FIG. 7F, a wide range
image further inciuded in an edited shate. s therefore possidle to oreate a siluation where the patient corfioms disgnosis
and reatment and gives consent for on-going diagnosis and treatment,

25 {0133] The unit images 707, 708, 708, and 710 are preforably arvanged in order of start of treatment. FIG, 7F shows,

for example, a soreen display including the entive footh image data 711 or teoth data 79 printed oul to enable the patiert

o carry .

{i134] The recording means 53 records these unil images in the database and is suitably used far adjusting the

schadule with other patients.

{0138] Further, the present invention may form a single image by combining the echnigue of using a convex miror

shown in FIG, 3 when obtaining a wide area image or the techmique of making the reflecting mirror move along the rows

of leeth and combining the still images. That is, by making anly the rows of {eeth g still imape, capturing the tongue
portion by using a convex reflecting mirror, and combining the images, an infracral wida area imags provided with
distortion-fres rows of testh i oitained.

& {0138] Futhermorg, one example of 8 panoramic tooth row mage forming technique which combines panoramic
images of mws of festh in & state with the teath engaged so as o form a clear Image is shawn from FIG. 8 1o FIG. 12,
{0137] Asshownin FiG. 8, the lpchnigue s adopted of using a camera to capture Images from the el back up to near
the center, then changing the orlentation of the intracral camera fo then capture images from the right back to near the
center. in {his case, the direction of the camera is changed ance. so the caplure operation is interrupted. Therefore, the

44 feft and right ooth row imagas offen cannot he aocurately sombined and end up deviating from each other.

{0138] Further, when manually moving and pperating a camera, for examgle, when capluring an image of the bask
tealh, the intraorai camerg is made o move in a stale arranged batween the cheak at the inside of the oral cavity ang
the side surfacas of the tesih and pushing aside the cheek or & state of contact is formead with the side surfaces of the
teath, Therefore, the chesk and the side surfaces of the teath are in a state where they support the reflecting miror of

& the intraoral camera of the image capturing porfion of the camera, but if the intraoral camera is made o move in the
direction of the front teetly, the carera is released fram the pinched state with the cheek ate. and becames held only by
the hand wheraby the operating camera becomes unstable in position and the Inages sasily become disturbed, in
particuiac, the distance between he camera and the captured object, that is, the side sirfaces of the testh, fluctuates
ard shaking ovcurs i the nage capluring direction whereby the caplured objects, that is, the eeth, fluctuale in size

& or the images become distaried,

{0438] The Infracral nemera 801 which uses the refisciing mireor which is shawn in FIG. 8 is configured as showa in

Fi&, 3 as one exampie, that is, is configurad by & modular GCU camera or CMOS camers around which a plurality of

fight anurce LEDs are arranged. The orad oavity i3 fighted by the fight source LEDS through the reflecling mirrar and

images of the rows of teeth in the oral cavily ele, are continvously caplured. Stable capture is possibie from the dack
fegih, but the inveation is notl limited 1o this, |t may also use a namera for direc! image canturs not using & reflacting

HTOT i S0Ms Cases.

{0148] The introorsi camera 801 which is usad here Is Hustrated as one which s configured with 2 reflacting mirror

unit 903 {302 of FH3. 3y which is provided with 2 flal type reflecting mirror 802 {303 of Fi3. 3) attached interchangaably
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at the front end of & body 804 {301 of FIG. 31 The body 304 is provided at Rs front end with a camers unif 305 (308 of
Fi@. 3) which sombines a CCD camera, CMOS camera, or other camera and four to eight light emitting diodes aranged
araund the cameara.

{04411 The camera unit 905 s dlustrated as one which oulputs still digital images by using the continuous caplure

& techrigue so as o oblain & range of for example 10 to 30 still images per secand.

{0142] Belore starling the continuocus caplure, first & mark ML is allached near the center of the rows of teeth 800a in
the state with the upper and lower teeth engaged with each other, The mark MU is preferably made by bemparary aghesion
of @ colored sead, marking by a oolored pen giving s color that can be removed, o tse of another meang giving 8 mark
which can be clearly displayed in the image caplured by the camera. “Near the center” when attaching the mark ML for

10 example newr the cenler of the raws of teeth indicales a location serving as & reference whaen contiruicusly capturing
the left and right toth rows, then combining the images. b addition, iUs alsa possible to detent a charactarizing partion
in image processing near the center of 3 caplured image ang set thal portion = the mark in the imaga. The mark MU is
preferatly arranged so as fo span an ugper footh and lower tooth,

{0143] This continuous caplure opsration is performed from the back footh position, for example, the state of 808a,

% azlong the tooth surfaces iike S06h and 806c, preferably separaled by the same distance from the surfaces of the rows
of testh, white the body 904 is held by the hand and the reilacting mirrar 802 i maverd.

{01441 "IG" indicales & cofrection use indicator, This is comprized of an aghesive member which is altached fo 2 tooth
surface in & manner enabling i fo be pesled off later. On this, a graphic for image correction use such as a bax, square,
Friangle, or checkerboard may be displayad o enabils correction of distorion of the image or correction of the refative

& she of images based on the disteénce betwoen the camera and tooth sids swiaces. Allernatively, the correction use
ingdicator }G may be colared greenor another colorwhich can be discermed in image processing, butitis not imted to green.
{0145] This adhesive member may be atfachad &t the center of A footh such as shawn in, for example, FIG. 8 and
FiG. 10, at the surface of the iooth where the mark ML s made. Allernalively, the tooth attached 1o is not fimited o 2
single tooth. A plurality of teeth may have the adhesive mambear attached for image caplure. The adhesive member may

2% sometimes also be stfachad to another tooth in the aral cavity where the testh are 1o be capiurad by hand with no other

support.

{0148] The means for altaching the corraction uss indicator IG to a tooth surface may ulilize a similar technique to

that of the mark ML, An indicator whish will nol dissobve and will not run in salfiva ste. may be used as an example. This

is preferabie when correcting for distortion and size of and combining a partisl pancramic image of the lefl rows of leeth
and 3 partial pancramic image of the right rows of teath baged on the correction use indicator IG which is captured in
common 10 the wo. Nota thal, whan combining three partial panoraniic mages of the el rows of teath, the cenler rows
of ipeth, and the righl rows of teeth, the teeth common o the gartial panorgraic images may be provided with suxiliary

tge indicators 16,

{01471  Inoividual captured st images may aisc be corracted. For example, based on areferenne auxiliary use indicator

3 K3 in the continuously abtained images o using as a reference one of the auxiiary use indicators 1G caplured in a group
of images ang delected by the black matching methad or the template matohing methad el the auxifiary vse indicatar
G caplured in anothey image ls deteciad, then compared with the reference image to detect distartion, i, and differsnces
i aize, then correction is performed using affine ransformation which performs enlargement, reduction, rotation, and
acjustment of movemeant. Af the time of image capture by hand where shaking Is unavaidable, the auxifiary use indicator

44 K3 may be aitached o a footh s0 as to enable stable combination for forming a panoramin footh row image.

{0148] Tho above-mentioned such correction of an image using the correction use indicator I may, for axample, be
performead by the method of Zhang (IEEE Transsctions on Patlern Analysis and Maohine intalligence, 22{11} 1330-1334,
20001 and other techniguas usad in calibration of camera images. Furthar, the corvection use indicator IG somatimas is
net easentin! depending on the caplurad state, affiine ransformation, or other pracessing.

& [0149] FIG. 8B schematioally shows one imags caplure range when continuously capturning images from the back
teeth. The reflecting mirror part of the intraorad camera is made to move along with the elapse of time such as by
B(BE-» A6 h-—+ 808> 808~ 30He—806{-»800g while obiaining continucusly caplured images as stifl images.

{0180] The inlraoral varmera 801 is cordigured provided with 3 reflecting mirror 902 at the front end at & predetermined
angle, 3¢ if capluring the surfaces of the row of teeth om the tefl back teallt in the figure, the direction of the body 804

& is changed near the center and then the surfaces are capiured in order from the right back teeth in the figure. Therefore,

the sufanes of 3082 fo BOBg shown In FIG. 8 are caplured, then the infracral camera 901 is reversed and starls to

capture images from the right back teath.

{03151] Thespead of continuous saplire is made capture of 8 sligidly great 2{H o 30 images par sesond shee the body

204 is moved by hand and therefore the effects of hand shaking and other shaking should be considered. Continuous

caplire with saough exira lsaway 1o delste images which are out of focus dae o hand shaking is preferable.

{0182} This continuous capture s preferably performed untll the mark MU reaches the center of the tapture screen or

the reflecting mirror, but sometimes # is performed untfl g porlion exceading that by a certain exient. ARter that, the

capturad images niay be picked and discerded.
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{01531 Since the camera is operated manually, before combination, somelinies, the comimon portions of the images
are used as the basis for affine ransformation so as (o match the images in state. For example, uaing the image first
becaming the cenler of combination as a reference, block matehing is performed with a comparative image tc detect a
pluraiity of common points, Based onthis pluralily of commeon points, the nextimage is processed by affine fransformation.

& For example, 2 pluraliiy of pikel coordinates {xb, yb} of the naxt image corresponding to the pixel coordinates (xa, ya)
of the reference image &l the sommeon part are selectad and entersd into the following formula to obiain the coafficient
vahies "a" 5 I, i the stale enterng the caefficient values into the following formudla, the next image is procsssed by
affine transformation to siraighten out the images of the images are siraightened ot white combining panoramic images.
[0154]

0

[Formula 1]

| Xa a b {[Xe e
0 ' ¥a [ d Yy o f

{0155] Partof the images which are obisined by continuous caplure fom the left back to near the fronl swface in the

figure in the rows of teeth 300a are shown in FIG. 8. Jointly using FIG. &, the caplure operation of an intraoral camera
2 based oo this embodimeant will be axplsined.
{0156] FIC. BA to FIG. 8E show une exaraple of the seduence of caplured image data when perforniing continudus
oaplure neay the centers 9076 to 8072 in the caplured image data of the rows of teeth which are shown in FIG. 88, Note
thal, the irtraoral camers ulilizes the reflecting mivvor 802 to obtain 2 tooth row image, so the caplured imags s inverted
feft to right, but is shown In FIG. 2 and FIG. 11 In a nondinverted state so as o facilitate undarstanding.
{01571 FIG. BA s an image which captures the area near B06c of FIG. 88, FIG. 8B is an image which caplures the
area near B0Gd, FIG, 30 s an image which caplures the area negr 808e, FIG. 80 s an image which capluras the area
neay 06, and further FIG. 9E is an inage which caplures the area near 308g. Nals that, since the raplure is perfarmed
manually, the captured imagses offen cannol bs capiured in the same state = all times, Therafore, when the fnages are
titedd olc., & is preferabie o perform correction for matching states using affine transformation at parts for example
3 averiapping with the stales of other testh. FIG. § shows the view after carrection. Al the time of corection, as poriions

sarving as maferenne, in addition to the mark ML, the vertical senlerline CL and horfzantal cenlerline HEU which are set

in advance ai the reflecting mirror surface at which the reflecting mirror 802 is captured may be used.

[0158] The vertival certeriine CL and the horzontal centerline KL are not necessarily displayed at the image. Further,

al the edges of the reflecting mirror, it is also gossitle to provide projactions or other marks at porlions corresponding
44 in the starting poinls and end pointa of the vartical centeriing and horizontal centeriine. These marks are sometimes

uged as the basis for virtual dispiay.

{0169] Further, s also possible fo simullaneously parform grocessing for correcting distortion caused by a QCO

camera fens by saftwars.

{0160] RM is the oontour of 3 minor, The anlually caplured image becomes a ciroular im@age i the contour BM, but
48 o displaved as 2 square image 50 85 (o faclitaie the explanation of the range.

{0161] The caplursd image semetimes differs in the distance between the {path and camera gince the camera is held

by the hand. I this case, an image where the mark ML and tha vertical centerline CL approximately mateh may be used

as a reference to correct the size of another captured image. Note that, sometimes the font end of the reflecling mirror

G2 is made o fightly contadt the tooth surface while continuously capturing irrages so 1t is possible to stabilize the
a0 obiained images.
{0162] As shown in PG, §, the reflecting mirror 802 of the body 804 { arranged from the front surface to the basgk
teath of the laft side and then is made o move in the direction of the front surface for continuous cagture so as o obtain,
for exampie, the images of FE3, 9A to FIG. 9E. In this oase, the images which are oblained by capture & lindngs where
the mark ML matches the verlical centerling {CL) of the reflecting mivor 802 {up to FIG. 8C) are supposadiy amployed
a& images for combination. ¥ using FIG. 80 on, &t the time of combination, somelimses these will cause deviation, sa it
is prefarabla not (o uss these for combination.
{0163] The image which is shown in FiG, 9C is correctad for i of the imags elc. in accordance with need with reference
o the mark ML used as the reference image. That i, the image may be correcied hased on the long sides ang shorl
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sides of the mark ML fo obiain the reference image. One example of the combination operation will be explained below.

{0164] Ths images which are used for combination are shown in FIG. 9F on, FIG. 9F corresponds to the image which

is shaswn in FIG, 3C, FIG. 80 corresponds to FIG. 98, and FR3. 9E corresponds {o FIG. SA.

{0185] The image 908e which ks shown in FIG. IF and the image 908d which is shown in FIG. 90 are combined by

superposition based on comman garts where the shape of the image of the image 906d matches or appraximates the

image 9080 aa a referenca.

{0168] The partwhich glicks cutin the left direction of FIG. 90 when superposed based on FIG. 8F s shown by 1601a.

10012 bacomes the image in the dack tooth direction.

{0187} Next, the combined image which is shown i FIG. 2G and the image Q08¢ which is shown in FIG. 84 are

10 superposed visually of by an image processing technlge at parts of common shape ete, with referance o the combined
image of FIG. 2G. In the superpased image, the pant protruding in the loR direction fram FIG. 8G is indinated by 16010,
1001 is ar image i the back oath dirsction.

{0168] Ths above operation is next parformed belwaen the next adjpining images. Furthermaora, the next adjpining
images are superposed at the common part. Due lo this, the images from the image where the mark is at a predelermined

% poaition fo the deep tooth direction are combinad panoramically fo form the laft side rows of testh.

{01691 In acdition, the technique of splicing together the parts 1001, 100 1h... which profrude from the center image
shown in FIG. 9F o form a lelt half panoramic image may be illustrated.

{0178] Further, the protruding parte are detecied by, forexample, extrasting the protruding parts between 808e of FIG.
BC and 906d of FIG. 98, axtracting the profruding parts betwaen 906d of FEZ, 88 and 8068c of FIG, 84, furthermore

& collecting the protruding parts betweern the next adicining images, and finally making the refarence image the image
shown in FiG, BF and splicing togather the prolruding parts fo form a panoramic image. The images of ihe profruding
parts are somatimes praferably obtained by using ar image from the center a8 areferance and superposing the adjpihing
Inages fram i
{0471]  Note thal, sven when not compistely superposed and matehing or approximate, if the marker part is present

25 i common, thet parl may be superpased for similar combination. Further, since the operation s manual, there is a

praximity Tesling in the obfained silf images and the tit sometimes difers. In this case, it is preferable o use affine

fransformation efe. for automatic corraction to enlarge of reduce the image for adjustment.

{0172] The oombined sizte s shown b FIG. 128, As shown in FH3. 124, 1t fs possibie to fonm the el half of the

panoramic image of the rows of teath.

{0173] Next, as shown in FIG. 104, the reflecting mirrar 104 of the Body 1034 is arranged at the right back of the rows

of teath G00a in the siate with the fop and boltom engaged. In thal state, wiille holding a cerlain distance from the

surface of the rows of teeth 3002 s much as possible, continucus capture is performad by still images at

11018511315 110c In a divection approaching the center. FIG, 108 schematically shows the positional refationship

petwesn the caplured still images and the rows of teeth 800a.

3 {0i74] The user holds the inkaoral camers 801 in s or her hand while making & move in the direction of
1102811020 1102011020 110211020 o caplure images and obtain cantinunusly caphured sl inages. The
present example is of 3 handheld type, so the caplured image will it or shift to the left or right ard in the back direction,
bl & step may be provided which utifizes affine transformation to rotate or move the image based on the corman parts
present betwesn adioining images obtained by continuous caplure s¢ as o adjust the imags.

46 [0175] The intraoral camera 301 which s shown in FIG. 104 is the one of FIG. 8 used as § is, so the sama referance
ncistions are assigned and explanations are omitfed.

{0178] I EiG. 1A o FIG, 1IE, typioal images are shown it the range of 1102a to 1102¥ of FIG. 108, Contigurations
which ars coramon {o FIG. 11 and FIG. 9 are assigned the same the same reference numaerals as the reference numerals
which are shown in FiG3. 3.

& [0177] IFIGS, 11 FIG, 114 shows the area near the image of 11024 of FiG, 108, FiG. 112 shows the area near the
image of 1102e of FIG. 108, and FIG. 11C shows the area near the image of 11021 of FIG. 108, Further, FIG. 110
shows the ares near the image of 1102g of FiG. 108, and FIG. 11E shows the area near the image of 1102h of FIG. 108,
{0178] Nolethat, FIG. 110 and FIG. 11E ars images of pholos when the verlinal centerline CL and the mark ML mateh,
then the reflecting miror 104 s made o move further it the left direction. I employing these images, e superposed

& parts of the images caplured from the left and right directions will become greater and the imapes will deviate, so these

are not emploved. FIG. 114 lo FIB. 110 are employed.

{0179]  Inthe above images, the ona using the image where the mark ML and the vertical centerline OL match (1102§

of FiG, 11C} a3 a referance is shown in FIG. 11F, Nexi, the comman pertions ¢f the images 1102e and 1102 shawn in

Fi, 118 are supsrposed,

{0180 Inthe siale where the imags 11021 s used a5 areferenne and the image 1102¢ is superpassed fram adove i

= mutohing o simiiar rangs of shape, the protruding part is 120%a.

{0181] Nexi, this superposed image and the image 1201k which is shown in FIG. 118 are superposed with reference

i the superposed imsge using paltern malehing ete. at portions matehing or substandially raatehing in shape.

b

G
L=

o0
B3

17

Exhibit 1002 page 909 of 1005
0909 DENTAL IMAGING



EP 2684 272 Al

{01821 The part which protrudes in the superpusad state is 1201b. in this way, the adicindng images are superposged
to form the right side rows of testh, As another method of combination, the reference image 906 and images 1201a
and 1201b may be corabined as shown in FE3. 12B in some cases. Note that, when superposing front and back images,
if there is same daviation, It iz somelimes also possible to delste one of the superposad locations.

& {0183] By using the above mutine In combine continuously caplured siill images and superpasing the carder imags
§08e when combining the images of the left rows of tneth and the center image 1102 when combining the images of
the Aght rows of tesll to make them malch or substantially malch, the panoramic image of the rows of teeth which is
shown in FIG, 120 s formed,

{D184] The superposition ig, for axample, preferably performed &y connecting and combining the laft and right panc-

10 ramie Images of the rows of teeth based on the boundary part (KL} of teeih at the center. Note that, to deatwith the case
whare the boundaries of leeth differ bedwaen the upper jaw and the ower jaw, the baundary part of teath of the upper
jaw o owar jaw may be used =g the boundary for the cambination. The combiration st that trne may also oonsist of
respettively combining the panoranic image of the row of lesth of only the upper jaw and the panoramic image of the
raw of izeth of the lower jaw and finally combining the upper jaw and the fower jaw, At this time as well, when there is

% some deviation between the center images, # is slso posaible to delete one of the invages in the suparposed rangs.
{01851 Further, it is nof necessanily required 1o superpose the center image 806e and the center image 1102f in
advante. In some oases | is possibie to employ one of the center imagss 1301, in tds case, when for example employing
the center image 88e, sometimes the sizes of 12018 and 12015 are carrecled somewhat. When emploving the center
image 11021, sometimes the sizes of 10012 and 1001h are correctad. In this way, in addition to the technigue of splicing

& ogether the protruding parts betwsen images, when nof extracting the profruging parts and supsrposing images as they
are st the common parls, sometimes the cenler images are superposed while adjusting them in size.

{0188] By, in this way, combining the teft and right rows of teath from the center images to form lsft side combined
rows of teeth and right side corabined rows of iseth and combining these basad on thelr respective center images, it is
posaible to form a panoramic Image of rows of teeth Kept down in deviation.

23 {0187] Forcombination basad an the center images, for examgple, iLis preferable to use the condact line {(edge) betwesn

{eeth at the center so a5 to combine the left side combinad rows of teelh and the right side combined rows of teeih,

Furtheymore, the mark does not necessarily have 10 be provided & the center testh. it may sometimes be a portion of

2 footh which is caplurad at a timing when changing the direciion of the camera af the time of capture. In adottion, the

position of the mark is sultably selecled based on the objective ete.

{0IB8] The characterizing portion is also nat paricidarty limited so long as a portion which, in the same way &5 8 mark,

anabies positioning at the tme of combining images. Further, by applying & mark o the rows of eelh being capturad in

advance or providing & portion coresponding o a mark from the images, more accurate combination bacomes possibie.

{0189] hote thal, the above expianation of operation is Yor the case of using graphic software to perform operations

an a pluradity of images which are displaved on & computer masnilor such as copying and pasting them, dragging and

& dropping them, endarging of reducing images, or correching Bl visually and by mouse operation. Sometimes the kaown
automatic panoramic image photo composing software sush as Photoshop Elements 7@ inade by Adabe), Phote Stiteh®
{made by Canan), etc. may be utiized.

G
L=

{Preparation of 3D Pancramic Toath Row Image]

4G
{0198] A row of testh is shaged bent inlo 8 bow in the bile plans. When trying fo oblain 2 realistic grasp of € as 3
whaole, with a 20 pancramic image digplay, the siate of the individua! testh can be underatood, but since the teath are
displayed in @ state arranged in & fat shape, they are hsufficiently grasped in three dimensions. Thereforg, a tlechnigue
abie o display them in three dimensions is preferabls,

& [0181]  Thetechniqua for obiaining & panoramic image by the actual image of an oral cavily, as destribed in for example
WO200TH63880, Is to form a frave which hag 8 shape aporoximating an imaginany curve resembling the autling of an
areh form of & row of teath, srrange the camera device at ils side surface, caplure the rows of testh as a whole, and
convert the resudt io a 30 formal sa as to obiain a 30 pancrarmic image. True, s possible to capture an image of rows
of teettt iy & 30 siale, but it is hard o say thds is 2 simple measurerent tectamique due o the need for fohming a frame

& provided with an imaginary curve resembling the outline of an arsh form.

{0492] Next, an sxample of forming & 3D panoramic image by aclual images will be expiained with raference fo FiG.

13, FIG. 13 is a block diagrans for axplaining a 30 panoramic toath row image forming means.

{01831 Reference numaral 1401 ndicates a camera data input means. This connects a slersc image capturing camers

which is grovided with a plurality of cameras such as shown i FIG, 14 gnd simullansously forims the same number of

images as the numbar of cameras.

{0194] The camera daia inpulling rasans 1401 is of 8 type where the shuler is operated for sach image or & type

where the shuiter is aparaled once fo enable continuous capture of a plurality of photographs. Sometimes a pluralily of

pairs of shill images are sonfinuaushy aumtpul
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{0195] Refersnce numeral 1402 indicates a calibrating means. This corrects digtortion due fo the lens shape, hand-
shaking, ete. &nd corrects the perspective distance etp, s ponfigured using the known techrigue of calibration.
{0186] The caliorating means 1402 calibrales the sivulanecusly caplured images and delstes the perigheral parts
where distortion is large.

& {01971 PReference numeral 1403 indicates a cormmon point defecting meang. This for example detects cormman painis
of a pair of images. The common point detecting means 1403 uses the luminanse of one pixel or one group of pixels of
ane image 38s the refsrence luminance, uses the luminance of one pixel or one grotp of pikels of the other image to
obtain, for example, the sum of absolute difference {SAD} of luminance and the sum of squared differance {8313} of
urninance, and oufputs the parls which malch by the minimum values or maximum vaiues or the parnts astimated by

0 subpixe! astimation ag oommon paints.

{0198] More spacifically, for example, itis possible (o ytiize the configuration shown by Matoki Araf et al, Optimization
aof Correlation Functions and Subpixel DesigrationFormuia in Biock Malohing of hvages, Research Reports of Infarmation
Processing Society of Japan, 2004, P33-40 and ather known technigues.

{0199] FHeference numeral 1404 indicales a world coardinate converting means. This canverls the coordinates of

% images of the common points chlained fo 3D coordinates common to them alll
{02001 The warld coordinate converling means 1404, for exampie. performs computer processing by the irangle
method, &-point sigorithm method, tangulation method, or other arithmetic technigque, | forms and ottputs parsdlax
vadues from coordinate vaiues of photographic images of comiman points obtained by the common goint deteciing means
1403 and world coordinates {X, Y, £ from charactaristics of {he camera (infernal parametsrs of focal distance of lens,

& image centar, and pixel size and sxternal parameters of positions and postures of IWo cameras).

{020] For example, the world coordinales (X, Y, Z} are fund baged on the generally known following farmula {1}
from the perspective projection matrixes P1 and P2 compvised of the intemnat parameters and external parameters of
the different cameras snd the local coardinates (U, v1) and {32, v2) of the common poinls M of the caplured images:
{6202]

=
E?d

i Vi == i {i‘&"‘l, 2}“6&1“{1}

{02031 For the mathod of using the internal paramaters and external parameters of the cameras to find perspeciive
44 projection matrixes or finding the perspective projection mattinas Py, Pp and o1, o2 from the local coordinates of g

pluraiity of common poinis oblained from still images and oblaining world coordinales based on the abowve formuda {13,

for axample, the technigue described in the Journal of the RICE, Vol 82, No. 6, 2008, 4634683 and other known

tachnigues may be suitably usad.

{0204] Ancthertechnique for abtaining 3D coordinates is described tngether with the closeup fechinigue in, for exampie,
& Dental Materials and Eguigment, Vol 18, No. 3, 333-338 {2000) atc., but tha invention is notlimiled to this. Other general

technigues can be employed.

{0205] Reference numeral 14038 indinates a 3D image forming means whick, for example, cay display this world

coordinaiz data n & 30 ooerdinate space virlually fonmed an a computer and sonnect this soandinate data by nes or

curves o fonm 8 wire frame moded and which, furthermore, can stlach virtus! surface data to pards surrounded by the
& Hnes so as fo oblain more realistic pancramic 3D data. By making the 30 panoramic tooth row data three-dimensional
on 30 cocrdinatas, curved rows of teath can be displayad.
{0208] Reforence numeral 1408 indicates & display means which may be formead by a computer monitor, printer, etc.
and may display 8 virtual 3D image on 3 usual computer monitor, Furthermore, it may display a curved panoramic footh
row image by projection to two dimansions.
{02071 FICG. 14 shows one example of a prots-shaped 30 measurament probie 1500 which is provided with two cameras
&t ifs Np end, Refarence numeral 1507 indicates a camera part A, This has a lens 1501a atits center and has the form
of a2 so-calied "camera modude”. Reference numerst 1502 indicates a camera gart B, This has & lens 15033 at its cenlar
and has ihe form of o so-calied “camera module™.
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{0208] Reference numeral 1503 indicates a lighting bearm emitter. This is preferably provided arotind the camera part
ATE01 and the camera part B1502. Light which is emitied by the light emifting means 1505 which is formed inside of
the suppott member 1506 is guidad through the light guide 1504 and fired fram the lighting beam emitter 1503 ko the
surface of the tooth being captured. The fighting baam emilier 1503 is preferably shaped s that more uniform lighting
& is performed. B is not specified as being the shage which is shown in FIG. 14,
{02091 Reference numeral 1503a indicates a fighl sowree for instruction use and shows the captuved surface. L provides
outpit in & spotlight like manner, Had, blue, white, and ather LEDs covered sround tham by a black tubs are used. Since
{he light is of 3 spollight nature, the area of the surface struck will differ depending on the distance, Therefore, the probe
1540 can be moved white maintaining this constant.
10 [0219] Reference numerat 1504 indicates 3 ight gulde which is formed inside of the suppart membser 1508 and is
preferably covered at 8 surlace by a light reflecting mamber made of aluminum, silver, or ather thin fim. The light guide
1504 is cannected wilk & Highting beam amitter 1803,
{0211] Reference numeral 1505 indicates a light emitling means which is altached inside of the suppoert membar 1506,
A white LED or olher lighl source may be flustrated. In the present smbodiment, an intermittent fash drive like a strobe
B or continuous flumination drive slo. may also be used,
{02121 Reference numeral 1508 indicales a suppart member which, for example, is malded fram a light weighl, herd
plastic material, has 2 camers pard ete, at {2 font end, is rod shaped, and has 3 shape enabling tio be saslly inseried
o the back of the oraf cavity.
[0213] Refarence numeral 1807 indicales an operating switch which performs a shutter operation eie. The switchas
& may be fresly set in number in accordance with the operating specifications and chjectives and may be configured in
any way. A specilication may aisc be emplayed whers, whan uged as a shuller, the shutler is driven continuously &t
predetermined intervals while pressed.
{0214] Reference numerat 1508 indicates a holding part which is preferably configured irtegrally with the support
member 1508 and is molded by a light weight, tough plastic material,
25 {0215] Reference numerat 1509 indicates an slechic lvad iine which & coanected t an oulside powsr supply and

the Hoht source 13 a shiobe-type light emitter and the continucus shogting data can he temporarily stored inside of the
camera, if Zigheed@ wirsless cormmunination front end ircult s used for wireless cormection ete., somelimes a cormmecting
MAENS BECOMSSs Unnecessary,
{0216] Next, the aperatian of the present embediment which i shown in FIG. 13 and FHS. 14 will be explained.
{02171 I the camera data inputling means 1401 of FIG. 13, the user hotds the hoiding part 1508 shown v FIG, 14
and, in the siate such as shown in FIG. & where the upper and lower leeth are angages with each ather, trings the
camera part A1501 and the camers part B1502 at the Font end of the support member 1508 closs fo the caplured
portion, and, while viewing the size and position of the spatlight emiited by the instruction use lighi source 1503a, presses
3 the operating switch 1507 o slart the continuous capture aperation.
{0218] Sometimes rather than a continuous capture opevation, | is betfer to press the shulier use operating switch
1507 for every caplure aperaticn, tul to prevent hand shaking ele., continuous caplure where the number of imes the
switch is depressed Is reduced is preferable, In this pressed siate, images are caplured up tu the same position g8 in
£iG. BA, then imagss ave caplured up to the sams position In the same state as FIG, 10A
44 {0213] FIC. 15 ghows images forming pairs in the group of images which were obfained by a single continuous image
caplure operation. Note that, when more precisely measuring the surface shapes of the {zeth in the oral cavity, #tis
praferable 1o capture ihe images in the proximily state. The focal distance of ihe camera is aiso praferably set ot a state
which enables closs-up photography. Thesa caplured inages arg calibraled against distortion dus 1o the cunvature of
the fens, fill, eln. by the saibrating means 1402 of FIG. 13 and are output in the common point defscting raeans 1403,
& {02201 Athe time of 30 processing, as shown in FIG. 2 and FIG, 11, the combination is preferably performed from
the center in consideration of the combination frorm near the center (o the left-right direction, but the invention is not
particularly imited to this techninue.
{0221] FIG. 15A is a frant view of testh and shows an image capluring & location near the center. This Is also data
which is obtained by capture by the camera dals inputting means 1401 which has the probe 1500 of FIG. 14 as a
& ponstibuent reguirement,
{0322] Reference numeral 171 a indicales the image of the camera gart B1502, while 1701h indicates the image of
the camera part A1501. These images are gssigned coordinates having center points of the same part. For examiple,
any poird A (x3, v1) of the image 1701a of FiG3. 154 caplured by the camera pari B1802 is sel and the poird A {62, v2)
showing the same position as this is searched for, The average luminance is found using the point A as for axampie
ans pixel black. From near the position envisioned as the poird A of the image data 17024 of FIG. 154, & pixel bloek of
the same size as the point A i found. The sum of the ¢iffergnce of iuminance of the fwa o the squared sum is obiained
and gradusily similar oparations are performed in the direction of the paint A" aloag with movement to form a maleh
avaluation curve.
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{02231 The subpixei estimation techrigus which sets the part where the sum of the differences or the squared sum of
the differences becomes the smallest or becomes the largest on the meteh evaiuation curve as the paint A’ is preferable,
but the invention is not particularly firailad to this s lohg as a technique ablaining coramon paints.

{0224] Next, a similar aperation is performed an the pixal blogck naxt to the point A of 1701a o detadt the common

& paints from the image 17023, This operation is performad repeatadly o find the onordinates of cormmon points in the
comman range 1703a minus the range of occlusion of the images 1701a and 1702a. In this case as well, formatian of
common polni coordinates centered &t the position of the newly added mark MU enables high precision common poinds
io be obtained, Furiher, by making this dlock sniatier, ommon points can be detectsd in & siate of & high precision, but
the processing time becomes long, s the size of the block ete. are suitably selectad.

0 [0228] Next, the waorld coordinete converling means 1404 of FIG. 13 converts, for sxample, the coordinate valuss
measured by taking sevaral of the ahove-mentioned  common poins to & 30 word coardinate system based on the
paraliex, Tocal distance, and othey parameters inherent (o the camens sid formuta 1. For this specific lechnigue, the
usual methods shows in the above-mentioned lilerature elc. may be sultably employed.

{D228] ¥ finds the common points from a pakr of images of FIG. 184, then uses the image pair 17810 and 1702b shawn

3% i the next FIG, 158 to convert the common range 1703b minus the rangs of occlusion to 30 world soordinates A (X,
Y, 2}. Inthe stateof 3D world coordinates, i preparss, for example, an imags formed inlo the wire rame shown inFIG, 150,
{02271 Furthermore, i finds the 30 world coordinates of common points of the commoan rangs 17030 minus the range
of oeclusion of the image pair 17801c and 1702¢ showa in FIG, 18C.

[0228] Next, the 30 image forning means 1405 which is shown in FIG, 13 suparposes the 3D poordinates which were

& converted to world coordinates and found from FIG. 18A with FIG. 158 not by planar superpasition, but in a virual 3D
coordinais space, i further superpases the 3D world coordinates shown in FIG. 15C with this superposed image. ¥ this
auperposition s superposition in a virfual 30 space, i is possible o use the data converted o 30 world coardinales ag
the basis o virtually dispiay wine frame Bke rows of teeth stich as for example shown in FIG. 150 on & corpiter onitor
and possibie (o try o superpose them visually while opersfing 8 mouse or other computer interface, but 1o raise the

2% precision of the superposition, sometimes it is preferable to use sither of the 30 values for comparison as a reference

and use differential comparison efc. su that the difference becomes the smallest in the combination. The subpixel

astimation techrigue using bock matohing may also be used to oblain comman points,

{0220] FIG. 18A o FIG, 15C show the forraalion of rows of leeth based on daia obiained by corverting the right side

rows of teeth to 30 world coondinates toward the front suface, bat next the left side rows of teeth are converted to 3D

warlkd coordinates. The conversion to world coordinates may be performed using the above-mentionsd kaowit technique,

For axample, it is possible to obtain 3D coordinales based ont the two images, the convert thent to common cogrdinales,

thati is, world coordinates.

{0230] After obtaining the 30 world coordinates of the left and right rows of teeth, § is somstimes sufficient {o combine

the rows by 30 virtual display on a computer or by approximate match by numerical superposition of the coardinate

3 yalues. in this case, it is preferable o superpose them tased on the 3 coordinate dala of (e mark parl. According o
this technicue, not anly with 20, it aise with 3D coordinates, panoramic display of the rows of teeth without offset
becomes possible by the display means 1408 shown in FIG. 13,

{02311 The superposition is performed by the technigue of supsrnusing numerical values of data of the same shape
parts and, when they do nol match, taking the average of lwo ooardinate values while performing suparposition, the

44 method of superpoaing imeges on the sereen by the manual technique of dragging and dropping them while oparaling
the compuisr mause, then finding the coordinale values, ete.

{0332] Note that, sven if insges which have mutually commen portions, if images with poor degrees of superpasition
due o the image capture clreumstances even affer calibration, it is somsatimes sufficlent {o select ane of the common
images. Sametimes i 15 possible 1o use e image of the not suparposed part a3 required for praparing the panoramic

#  fmage.

{0233] By combination by conversion to three dimensions based on world coordinates, i boomes possible for the
entire rows of teeth o be displayed in ¥ an-calied "dentura” state.

{02341 A display of a panaramin digital image of the side sarfaces of the teeth and 8 3D display of a panoramic
digital image of the side surfaves of the teeth enable a patient to easily undersiang the stale of his or her entire rows of

& teeth, so, for exampie, the 20 panoramic image tooth row data and 3D pancramic image tooth row data may respectively

be processad oy simudation of straightening and virdual whitening o as to form virlual rows of testh, The image of this

state may be displaved logether on the computer monitor to form & state imgressing upon the patient the effect of
freaiment elc,

{0235] “Simulation of siraightening” indicates for example, in the case of a 20 panoramic tooth row image, prepanng

a datahbase of vatious shapes of single taeth in advancs in accordance with the portion, processing the imagss of ths

testh ot the 30 panoramic ooth row irage by having an orthodontist operate & compuier mouse in graphic soiware

to copy and paste inages, and thereby forming a virtual straightenad panoramic image of the raws of teeth.

{0236] inihe coge of a penoranie 30 footh row image, since the 30 oominates have already baen set, exislting CAD
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suftware may be used by an orihodontist efe. to adjust the 3D coordinates of the panoramic 3D tooth row image so as
to form & virual steaightened 30D panoramic image of the rows of izeth, The technigue of displaving such a straightened
pancramic image is ap Hlusiration. Other techniques may also be emploved.

{02371 Avirtual display after virlua! whitening of ong’s own panoramic 20 and 3D {ooth row images or display of these
images after being adiusted in colar by the dentist in graphic safwars are also possible alongside. By providing a display
of a panoramic image of a patient’'s own rows of teeth after reatmeant for virtual straighlening and virtual coloring in this
way stongside an the screen, iLis possible o inorsase the depth of the patient’s understanding of treatment.

b

{Means for Firing Sighting Beam]

0
{0238] FIG. 1615 3 view which shows one embadiment of the present invention. In the figure, A10 indicates a reflesting
mirror urdl, This is farraed by a baed plastic efe. At the froni end, a rellecting minor AWK set 8t a predelermined angle
{for exampia 45 degreas is provided. At the back end, a uhular mounting part A103 able to ba connected in the outer
circumference of the camera unit A14 is formed. The shape between them is opened.

B {02391 The mouniing parl A10S and the camera unit A4 are connacied by being shaped to allow one fo be pushed
into the other. They can be datached by just pulling them apart as well. To prevent rotation, the wo may be provided
with relief shapes or ray be formead in slliptical shapes ¢r other asymmetric shapes.

{0248] A1 indicates a housing. This is formed by & plastic of resin and is shaged as a tube like a ball pen which has
= farge oaliber and is sasy to grip by the hand. Al the front end, the camers unit A14 is arranged sticking out. At the back

& end, a cable A8 Yor connection with an culside processing system is conngcied.

{02441 A1 is the direction of obsepvalion when a dentigl, dental hygiendst, ele. directly views the reflecting mivror AT0K
which s arranged At the front end of the reflecting mirror unit A10 at a predetermined angle.

{0242] A3 indicades o surface struck by the sighting beara. This is ong example of the surface siruck by the sigiting
beam when the sighting beam which is output from the sighting use light source A142 is reflected at the reflecting mimor

23 ATOK and sirikas the tooth surface.

{0243] The sighting use Hight scurce 8142 {see FIG. 16C} may be positioned at any location. 8o long as a position

anabling the range of the caplurad image to be determined, it may be ancther position as well. That portion may be, for

example, the frond and of the reflecting miror unit A10 &t a portion lighling up the image caplure range. in this case,
the tight path becomes shor, 50 somatimes even if the directional angle is somewhat wide, the range of the caplured
fmage can be fighted up.

{02441 FIG. 16C shows the state of the camera unit A4 enlarged. i the figure, A141 is the Hlumination use light

satrcee. An LED with & wide directional angle or & combination of a tens and an LED may be fllusivalad 85 an exampile.

A plurality of Humination use light sowoes A141 are arranged in the vicinity of the camara member A143.

{02451 A42 indicates a sighling use lighl source. An LED with a small directional angle or a combination of a lens

& and an LED may be used to cutpul light lo give a predetermined spread on the Huminaled surface a8 an example.
Aliernatively, o the case of 3 Hght souree with 8 small directional angle, armangament of a plurality at predetermined
intervals is preferable.

{0248] A143 indicates & camera member. This is formed by a CCD or CMOS camera, One with a larger number of
pixels s preferable.

44 {02471 Returning again to FIG. 184, A5 indicates a cable for connection with an external image display device. i
may be farmed by a generad use cable such as a USE cable or aiso by a dedicated cable.

{0248] A18a and A18b respeciively indicate operaling bultons A and B. These are configured by push types, pult
ypes, lumn types, sto. if pushing the operaling button AlGa among these butlons, the sighting uss light source A142
amits light for 8 predelermined time and Hights up impartant parts for exactly a cartain time through the reflecting mirror

& ATOK, The “certain tme"” is & feast the time by which the user can recognize the sighting baam as i sirikes a key part
in the orat cavily and is preforably untif the tming of image capiure, for example, when the operating bution Al6a is
prassesd.

{0248] Atthe time of image napture, a lighted part with a diffecent onler arrangemeat is formed in the shil image. This
{s ot prederable from the viewpaint of obstructing observation. if not abstructing observation, there is no padicular need
8¢ {o erase the sighting beam. This may also be fumed on and off to draw the altention of the user,

{0350] Next, the oparalion of the embodimerd which is shown in FIG. 16 will be explained.

{02511 The light cutput of the Humination use light source A141 which is altached around the camera member A143

of the camera unif A14 Hgnis up the ooth AR of the oral cavily through the reflecting mirror ATIK. A4l is the light

path of the sighting beam. In addition, the lumination use light source alsa emits light through the reflecting misror ATOK.

In this slate, the surface A13 struk by the sighting bsant is formed in part of the surface which i3 ightad up.

{0382} The camers mermber Al43 captures the portion of the oral cavity witich is lighded up through the reflecting

mirror AT0W and displays it through the cable A15 al an axternal monitar device.

{0253] The dentist or other user can obiain 2 grasp of the image capluring position by (he image which is displayed
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on an external monitor device, bul whern shotiening the diagrosis and treatment time, when treatment is included, eis,,
this is often used in the same way as a dental miror. Sometimes the chservation divection differs from the captured
image such as shown by AT2, At this fime, for example, the operating button AlBa is pressed. If the oparaling bution
AtGa s pressed, the sighling use light source A142 emits light. The light is emitted for a predetermined time, preferably

& unill hefore steriing to capiure the image. and is of an extent enabling the observer to oonfirm the observed position and
image capluring position. The chserver moves the reflenting mirrer AT0K to mateh the capture pasition and the obser-
vation position and again presses the opsraling bulton A18a s¢ 3s o adjust the capture position and the ohesrvation
position.

{0254] When the positioning ends, the operating hutton A183 or aperating butlon B16b is depressed again to record

10 the oliif image or maving Image. The conlents of the operations of the above-mentioned nperating button A18a and
operating buttonB18b are ustrations and ave suitably selectes according i the case. One example & shown inFiG. 188,
{0255] AT indicales an exarmple of an ivage. A tooth AH 1T bargeted for captire is captured. The sange of firing of the
sighting beam is the range of the drcle shown by the surface A3 sfruck by the sighting beam. Almost the entirely of
the key par targeted for capture is included.

5 [0258] The range of the surface A3 struck by the sighting beam changes depending on nmovemeant of the combination
of the housiag A1 and reflecting mirrer unil A10 up and down with respect o the toath H1, so the user may adjust this
by moving the houaing A11 and reflecting mirror unit A10 up and dowr. The surface hecomes larger than or smaler
than the image capture range, bul never bacomes offset rom the key part of the image caplure range. Further, the key
pant of the image caplure rangs is sulficiently shown comipared with 2 poirt fight source.

& 102571 Dus io the ahove oparation, the caplurad surface and the observed surfacs are adjusted and an accurate still
image of moving image i recorded.

{0258] Tne housing A1 which is shown in FIG. 18A ig hald and the reflecting mirar AT0K Is made o move up and
dawn with respect i the observed portion of the oral cavity so as 16 observe and caplure the target portion.
{0259] The infraoral camears is inseried o the narow back portion of the apper jaw ar lower jaw of the oral cavity. The

2% image caplure range of the seflecting mivor extends over a wide rangs. At the same time, the oral cavily can be capiursd
with the refecting miror in the inverted state. Capture is also possible i the tilted state or laid flat state efc. Therefare,
the capturedimage also becomes tilted or inveriad. Accardingly, the present invention is provided with an image corresting
means for detecting the image capture siate by position sansors and correcting images in an vp-dawn inverted state or
tifted state to @ hovizontal state.

G
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{deans for Correcting Caplured Imagej

{0280] FIG, 17 shows an exampie of an intraorsl camers which is used for explaining one emdodimant of the present
invention. H{ is shown as a partial cross-sectinnal view. in the figure, A21 indivates a housing for holding use. This has
35 a cyfindrical shape which is provided with an infernsd space. At the frant end, an elliptical tubttar shaped camera unil
AZ% which is comprised of a camera and Hlumination usa light sources fanmed around the camera s sonnectad in 3
state sticking out froem the housing A2, Al the back end, 3 cable A26 for cannsclion with an exiernal display device is
connecied,
{02611 One examiple of the Hlumination unil is shown in FIG. 17, In the figure, A22 indicates a reflecting mirror unit. A
44 ita front end, & reflacting mirror A22H which is awvanged &t a pradetermined angle is aifached. Atthe back end, a tubular
mauating part A228 which can be allached Lo cover the cireumfersnce of the camera unil AZ3 i formad. The rest is
apen in state.
{0262] A24 indicalas a olrcult board. This s mounted inside of the housing A2 and mounts an image processing use
IC ete, AZ3a and AZ3b Indicate poaaition sengsore, Thess have 2 ohips ste. whinh are mounied on the cirnuit board, The
& pumbers and mounting porfions of the position sensors are axamples. Depending on the types of the sensars, they are
sametimes not mounted,
{0263] The position sensors A25a and A25b emploved sre acceleration sensars, anguiar acceleration sensors, or
ather sensar devices which oan sense the stale of movement of the intraaral camens over a wide rangs and therefors
witl not be disabled fom measurement due fo the angle. The vumber of the position sensory is shown here as twa, but
& ihisis an Hlustration. The number of chips changes depending on the number of axkes, ¥ a unitfor three axes, sometlimes
asingle one is sulficient, The scceleralion sensors and angular acoeleration sensors are hustrated as three-axis sensors,
The number of the position sensors alse may be adjusted by the number of axes. The x-axis, v-axis, and z-axis of the
position sensars A25a, A25b.. are for example the axes which are shown in FIG, 19
{0264] When the position sensors A25g and AZBh are made angular accelerstion sensors {Qyro sensors), the angular
accelpration sensors, for example, respectively culput the amount of change of the angle due 1o movement abaut ths
%-axis, {he amouni of change of the angle due to movemeant about the y-axis, &nd the amount of changs of the angle
due io mavement about the z-axis, In the case of angular acceleralion sensors, the initial states of the »axis, y-axis,
and 2-axis pie freely sel, then the amounis of change along theses axes are added to thereby detent the image capture
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state of the camera.

{0265] As opposad to this, the goosleration sensors respectivaly output the x-axis direction acceleration compornent,
y-axis direction acceleration component, and Z-axis direction acceleration cornponent, Furtherrmore, the combinad veclor
of these accaleration components gives 3 posturs vector, in the siill state, the respective gravity acceleration veciors

& ara shown, The image capluring stale of the camera can be obtainad from this posiure vecior.

{02661 For example, an acceleration sensor ouiputs the stale of the gravity acceleration vector A451 as the posture
vectar when siill, so it is possible to uge the x%-axis direction, y-axis direction, and z-axis divection vectars it this state
as the reference posture and then uss the anguiar acceleration sensors 1o add the amounts of change by rotation of
thess axnes and perform other oparalions, so

0 {02671 I is wise possible o combling doth acoeieration sansors and angular asteleration sengors 1o detect various
statas of 8 camerna.

{02688] FIC. 18 is 3 slock diagrant which shows an example of means for using pasition sergors 1 conernt the image
display state. The condiguration which is shown by the block diagram may have gants which are realizable by a program
if involving computer pracessing. in the figure, A31 indicates a camera means which uses a camera which is arranged

B atibe centar of the camera unit AZ3 of FIG. 17 o caphiure & moving image or still image.

{02691 AJ32 ingdicates an image correcting means which is comprised of an image recording mamory, CPU, ele. |t
femporarily records i image which is obtained by the camers means A31 and uses the camera angie information of
the posifion deloeting means A34 as the basis to otate the image and form image data in a stale which can be easily
viawsad.

& 102701 For example, when the camera unit A23 caplures an imags, the referancs posiure of the image displayed on
the monitor is dJelermined, the bousing is moved with respectto thatreference posture, and thereby the reference posture
image rotates, for example, the angular aoneleration sensors e, deted the amounts of change of the rotational angles
fromm the aogular aceslerations of the respactive axes to enable display of the irmages ratated by exantly the angles minus
the amounts of changs of the rolational angles whereby an easlly viewable image can be formed.,

25 {0271] Note that, somstinies the image can be cotrectad by just rotation about the y-axis which Is shown In FiG. 19,

Wher capliing an bvage of the oral cavity which is reflected by the reflecting mirror, since the camera of the cameara

unit AZ3 is constantly facing the reflecting mirror direction, the image rotates mainly due to rotation accompanying rotation

of the housing about the y-axis coordinate shown in FIG. 19, Therefore, at the very leasd, in the state where the fnusing

At and reflecting mirror unit A1) are changed in the x-axis, v-anis, and 2-axis directions, it is sometimes preferable

that the image which is displayed af the xz plane be corrected to a state facing a certain divection at the image display unit,

{0272] Reference riumeral 33 indicates an image display means. This shows a computer monitor of other dedicaled

manitar, # is sufficient thal i be one which displays the pupit image of the image corracting means A32.

{0273] Reference numeral 34 indicales 3 position datecting means. This is comprisad of the position sensurs A283,

A25b, elc. of FIG. 17, Specifically, rale gyros which output angular acceleration, rate infegrating gyros which output

3 angle, posture gyros, MEMS fvpe and other mechanica! lype, optical type, and other angular accelanation sensors,
pieroresisiance type, elentrostatic capacily type, and heat sensing type MEMS sensars, and ather acceleration sensars
oan be ytilized.

{02741 Next, the operation of FIG. 18 will be explained with reference to FIG, 17 and FIG. 18
{0275] The cowrdinate axes which are shown in FIG. 19 indicate the case where 4 single position sensor deals wilt

44 thrae sxes. When the position sensors reapectively deal with single axes, two axes, elc., coordinate axes we sel
carresponding ko the incividual portions of the position sensors.

{0278] The housing A21 which is shown in FIG. 17 s held and the reflecting mitror AZ2H is inserted inta the oral cavily
o caplure an image of the targel portion, At this time, a swilch which is attached on ths housing A21 is operated fo
recard the initial posiure state. One axample of the coordinates at the inilial posivre state is showr by A410 0f FIE. 18,

& [0277] By instaiing the posliion sensors, coordinate axes are formed. In the present embodiment, Ad21 is desighated
ag the x-axie, Ad31 ag the y-axis, angd Add{ as the Z-axis. Note that, A451 indicates a gravity acesleration vestor. This
is one axample of @ posture vectar obtained by combination whan the acceleration sensor is siationary. Therefore, the
gravity acceleration vector somebmes cannal be utiiized when not using an acneleration sensar,

{0278] The courdinates are shown in a state where the irdraanst camera is in = state close to verdicsd for capturing the

& side surfaces of for example the back teath, A42Z is the x-axis, A432 is the y-axis, and A442 is the -axis. When using

an soceleration sensar, A452 can indicale a gravity acceleration veclor,

{0279] The reflecling mirror 22H i3 made fo maove the target portion of the oral cavity. One example of the method of

movement is shown in FIG, 18, The intranral camera which is compriged of ihe reflecting mirrar 22H and the housing is

maovad to the positions such as shown by A411, A412, and A413, Tha camera means A3 caplures the intraoral images
in those states s st images or maving mages and outpuis them to the imags curseling means A32.

{0288] The posilion delecting rmeans &34, for example, cutpitts the initial posture information ¥ the image correcting

maans A3Z for the -, y-, and z-directions. Further, when, as in the present smbodiment, configuring the system ta

display the iviage of the reflecting mirror, the camera faces the reflecting miror direction, 50 e camers image nverts
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and vacomes hard 1o view in alate usually due to rolation sbout the y-axis, so sometimes # s also possible to use only
single-axis type position sensors. The image correcting means A2 links this initiel posture information and image for
output to and display atl the image display maans A33.
{02811 As shown in FIG. 19, when moving the intracral camera fike A411, A2, and A413 {0 caplure an image of the
& oral cavify, the camera means A31 nutpuls images correspanding fo those posturas. {f the camera rolates about the y-
axis, the image is caplurad upside down and an image corresponding 1o the captured state is output.
{0282] The position detecting meane A34 detects the angular acoslerations aboul the x-axis, y-axis, and z.axis from
the position senscrs A25a and A280 {for example in the case of gyro sensors) and delscis the amount of change of the
angle about the »-axis {Adyz}, the amount of change of the angle about the y-axis {AMz), and the amount of change of
10 the ahggle about the Z-axis (Alxy) from the angular ancelerations,
{02831 These amounts of shange are culpul 1o the image correcting means AS2. The image carenting means A32
uses e image data which was Input fram the camera means A3 and the pasiiion nforration which was outpud from
the posiion detesting means 34 as the basis, for example, uses the amounts of change of the angles as the basis,
make the image rolate and return § o the inilial stale of the image.
5 [0284] Therefore, in tha image display means A33, aven if capluring the aame infracral object as a moving image or
stit images while mtaling the camsra, images can constanily be displayed as in the inilis] sel stale with the images of
{he displaved cordent changed.
{0288] Note that, when using a canvex mirror io capturs all teeth of the upper faw and lower jaw, il is also possible {o
use {he fisheye lens oorrecting means of the technigue desoribed in the Lilerature {Design Wave Magazine, 3008
& December, P113-115)

{Means for Adiusting Capture Operation Timing]

{0288] The present invention adiusis the tima unlll the actual capture operation by the method of pressing the swileh

23 which s operated whan obtaining an schsal Image, for example, by the number of times pressed in @ ceriata ime like

the "double click” performed when operaling a computer, and therefors help stabilize camera operation when the dentist

performs treatmant, performs diagnosis, or provides an explanation to the patient. Alternatively. s posaible to adjust
the caplure operation timing by operating & tamers switch o fhe maonitor image and desigrating ar icon showing the
timing of display {for axample, for two operations in o ssoonds and then continuous caplure of several images) so as

{o determine the timing.

{0287] Further, when displaying soordinates ete. on the screen, by adjusting the number of imes the aperating bulion

is deprassed, the way i is depressed, ele., il is possible o adjust the liming of the display and therefore provide an

explanation while inserting the camera into the oral cavily or atherwise adjust the tming of display of the image. The
specifications of the specilic iming may be inpit and adjusizd from the screen of 3 mobile terminal.

& {02R8] One axample of the timing adiusling means will be sxplained in delail with reference fo FIG. 28, ia FIG. 20,
B700Y indivates an inpulling means. Forexample, it shows pushbutions 101d and 101e forming the operating interface
of FI3. 1.

{02891 B7002 indicates an input count detecting means. This is comprised of a courder, fipfiop, efe. and counts the
number of limes a pushbution is depressed. This count is preferably countes within a predetermined tims infsrval.

46 [0280] B7V003 indicstes a delaying means. This is for seiting a delay time by multiplving the numbsr of times the
pushbuiion is depressed with the delay fime for each time. Aller the plapse of the delay time, a single pulse is output.
{0291] BY004 is sn iaage caplure oulput setting means. Al the rising and fralling edges of the defay pulse of the
deiaving means 37003, a signal for starting the caplure operation is sulput 1 the cameara means BY00S,

{02821 The camera means BY00S uses the sighal of the start of caplure as the hasds to continuously capture several

o severai dozen still images or caplure a moving image. The images obtainad by this capture operation are Inpit {o the
image inputiing means 7008, Furthermore, the image selecling means BTD0T selects the focused images and stores
tham al the storage and display maans BFOOR or displays them on the display 104 shown in FIG. 1.

{02831 The inage npuiling means BY008 is for felching an image ablained by the camera means 37005 as digital
data and outpuliing # tu the imege sedecting means BYGOT. Further, the image selecting means B7007 i, for example,

& g means for selecting only focused images.

{0294] B700R indicates a display means which shows the time from when 2 button of the inpulting means B¥001 is

pressad fo when the oparation is performed in & visual manner while changing the position of blinking. The display

means BT(09 is sel at » looation highly visible o the dentisl af time of reatment and shows how many seoornds affer
the oparaling button is pressed the operalion will ba starled. It is somelimes dispiayed on the monilor of a computer
canstituting one of tha display means B7008.

{0295] Further, by providing an LED which gives off a red color during the delay time and which changes to 8 whils

color when the delay time ands or & light source which continuausly emits light or inlermittently ernits light only during

{he delay time or nther indicatar by whinh the user can discern that the delay time is in prograss, refaxed button operation
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becomes possible and the extent of infraoral work can be expanded.
{Means for Capturing X-Ray image}

& {D298] FIG. 21Ais ablock diagram which shows an embodiment of the present invention. In the figure, 38011 indicaies
an X-ray image caplwring means. A combination of an X-ray oulput device and an Xeray CCD sensor or a combination
of an X.ray output device and Xray phosphor plate and CMGS or CCD camera are ilfustrated. Specifically, FIG. 218
shows one axample.

{0297} The X-ray image capturing means B8011 includes the axisting pancramis image X-ray camera davice, X-ray

W T, digital Xoray devine, gio, it s sufficient that i enable data to be displayed on a computer monilor, When Xoray imags
data sannat be directly ablained, i is glso possible fo oblain visualized daia of the Xoray image on the computer, hard
copy data of the soreen, data in & shared slale on the monitor sereen, data oblained by capturing an Xoray images on
the monitor by an intracral camera, of othar Xaay image data. Furthermore, sometimes the configuration of FIG. 318
is adso included.

5 [0208] BS012indicales an aclual image capluring means. For example, a reflaction type infracral camera is preferably
used. The actualimage capturing means B8 2 sometimes further includes the configuration which is shawn in FIG. 218,
{0299] B8MM3 is a comparison portion extracting means. It is formad by the Mook matohing technique and subpikel
egtimation technigue and extracts parts matching with the imape caplured by the X-ray image capturing means BEO T
and exiracis comparison portions. For example, it extracts contours of the caplured image, extracts a plurality of pixsl

& yalues, and outputs the X-ray imags exiractsd data.

{0308] B84 indicates a comparison portion extracting means, it is formed by the block matehing fechnigue, subpikel
astimation technigue, ete, and axiraols parta malching with the image caplured by the achual image capluring means
BBO1Z and axiracts comparisan parions. For example, # extracts sontours of the captured ivage, exteacts 3 phuralily
of pixel values, and outputs the actual extracted data.

25 {0501] BAR0S indicates a comparing means, It compares exiracted data which is oulput frors the comparison portion

extracting means and oulpuls portions which mateh, substantially malch, o are estimaled as maiching as matched

parts, At the ime of comparison, the images are sometimes enlarged orreduced, but for example the actus! image and

X-ray image data need only be enlarged or reduced by general use graphic sofware after conversion to the BMP, JREG,

GIF, or other general formats.

{0302] 88118 indicales 3 matchad part recording means. This records the matched portions, substaniiatly matehed

portinng, of estimated matched porlions and trangmils them o the dispiay means 8817,

{D303] Tha display means BRO17 may be g compuler monitor {dispiay} device, mabiie phone display part, otc., bul it

is sufficient if # be of & size of an extert enabling side-by-side display of an X-ray image and an aclval image and

superposad display and have a resoiution of an axtent whereby the X-ray image can be displayed dlearly.

3 {034]  The present embodiment is realized by computer software, bul may also be formed by hardware.

{0308] Thae X-ray camera means and the actual image capluring means may be separale devices, it preferably they
are a single devioe with parts changed and shared.

{03058] Next, the operation of the present embodiment will be explained.

{03071 The Xeray camera means B801 1 is used to caplurs a measures portion by 8 maving image or stil images. The

44 portinr which iz measurad by tha X-ray camera means B80T may be selecled as a single tooth, a plurality of testh, or
all teath of the upper jaw and jower jaw.

{0308] Next, the aciual image capluring means 88012 is used to caplure the portion caplured by the Xray camera
means B8011 as & moving inage or stll images. In caplure, the sams portion may be accurataly positionad to for
capture, but i may alan be used as & general measurs for capturs.,

4 [0309] Distortion of the image oblained from the two is corrected. As the technique for the correction, for example, the
cafibration technique may be uged. A grid serving as a reference iy caplured in advance o calouate the divtortion valus
due 1o the lens and o correct the dala.

{0310] Nexd, the pomparison porion extracing means BEJIS and 88014 caloulate the charantedizing parions. The
characterizing portions are, for sxample, contouwrs. Part of ol of the contours of teelh iv the case of Krays and the
8¢ pondours of feeth in fhe case of aclual images are exlracted.

{0311]  Next, the confours of the two are compared. Al that time, the X-ray image and the actual image have parts of

tha contours matchad in state or substentially matchad in slate and the superposed portions of the two images are taken

ot

{0312] Trecomparing maans 38015 oudputs the tvo superposed images 1o he maiching parireconding means 88018,

whearetnan the matching part recording maans BE0 16 meards the two images. The display means BROTY displays the

o images in accordance with the selection of the userto stperpose them in atransparent state or place them side by side,

{03131 FIG. 23 shows one sxample of images caplired by the Xvay image capluring means and the aciual image

captlinng means. FIG. 204 indicates an Xray image which shows a looth b101 captured by Xerays. FIG. 238 shows
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an actuat irmage of a tuoth H101 captured at the same portion as FIG. 23A. FIG. 23C shows a superposed image P03
displaying these superposed. The comparison of the Xay image and the actual image can be used to faciftate under-
standing of the X-ray irage. I particular, the display of the actual image enables the color and any swelling erinflammation
of the gums o ba displayed, so comparison with the X-ray image enables the degres of advance of any pericdontal
disease or tooth decay o be displayed i a manner aaslly understandable by the palient.
{0314] Next. a specific example of the X-ray camera means will be shown in FIG. 22 and explained in detall, In FIG,
22, 89101 indicates a housing for gripping use. This is preferably molded Som a plastic material ote. containing lead to
make it impenatrable to Xrays.
{D315] BO10Z indicaiss an X-ray culpul device. An existing davice of 3 poriable type for penaral dantal use is preferabls,
bl the invention s nof parlicuiarly limitad to thia. Any X-ray ottt device which is used in denta! diagnosis and treatment
can be used i suflicient funetinnally, but & porfable type is effective for home diagnosis and eatmeant ain. as well and
is suilable for use for Xy images used with achual images. Ever i a pordatie type, tse mounted on a shand 1S possible.
{0318] BSOS indicates an electricat lead lins. A general use USE cable may be used. In addition, a dadicated cable
alc. may be utilized.
[0317] B9104 indinales an X-ray phosphor member. One comprisad of a glass subalrate which ia coated with a ¢ryatal
of & phasphor material such as Csl, CaW O, Cdy0,S:Th®, 54%am{, and {Zn, Cdis:Ag is used.
{0318] BO10S indicates s meamber passing visible fight, This s formad by a transpavent member which containg lead
and gasses only visible light
[0319] B108 indicates & camera unlt, In this case, this nesd only be & camera, A higher resolution ona is prefarably
usad.
{03320] 89107 indicates 3 support member for Xeray capture, This is formed by a member inohiding fead and impen-
alrable by X-rays. A the front end, a reflecting mirror B9108, an X-ray phosphor mamber 89104, ete. are mountad. The
other and is formed {nio an apen utilar shape which is inseried over the camea unit 83106 for fasiening.
{0321] The reflecting miror BR108 is, for example, formad in a state tilled 45 degrees. it is formed by a flat type miror.
it 15 far reflecting & visualized image after removing the Xerays and ransferring f to the camera unit 8108,
{0322] in FIG. 224, the Xways which are cutput from the X-ray outpul device are converied o visible light by the X-
ray phosghor member BS104, then the Xray component is removed, then the light is reflected at the reflecting mirror
B2108, therinput to the camera unil, BR108 s a schematic view of 6 row of teeth in the orad cavily atthe porlion captured.
{03231 FIG. 228 shows an example of combination of an Xray photographic image which is oblained by an Xeray
sensar and an actual image which s obtained by a reflecting mirror. B8110 is a support member for cagluring X-rays
and is formad by an X-ray inpermeable member in the same way as the support member 89107 for capluring Xrays
which is shown in FIG. 24,
{0324] BS9111 indicates a visible fght passing member which Is comprisad of a fiter which is formed from a fight
transmiting member containing lead, which remaves Xrays, and which transmits the visible light to the camera unit
891086,
{0325] BS112 indicates a reflecting mirrar comprised of a flat mitver, while B8113 is an Xeray sensor which is farmed
by an existing X-ray CCO {CMOA) sensar or imaging plate. 83114 is 8 lead line which ransmits a sensor signal of the
X-ray senscr 0 the culside, This is also preferably covered by a resin comtaining lead.
{0326] The present embadiment is configurad to use anly an Xoray sensor B3113 and also jointly use & combination
of a reflecting mirror unit snd a camera unit B8108 s0 as to culput an X-ray viaible image and an actual image at the
same fiming.
{0327] The configuration combining the reflecting mirror B8112 and the X-ray sensor BR113 enables the actual image
o show the back sida of the teath, but comparison against an image separaialy capturing the fromnd of the testh becomas
eagy. Tha same portion 231 de simultanenusly obtained at the actual image and the X-ray image, so this is preferable
from the viewpoint of easy scquisition withow image processing for finding the range of mateh.
{0328] An X.ray image of the oral cavity is difficult for a patient to understand, but displaying the actual image of the
same captured portion on a computer monitor, paper, etc. side-hy-side or superposed iransparently enables the Xeray
image to be mare easily understond and facilitales the explanation o the patient.
{0329} {n an X-ray image, in the case of a dentat Xoray, several teath ane capturaed =s 8 single image af single sel of
data by a single shol. in this case, Xray sensor and the X-ray outpid device are shified while for sxample continuously
cagiu ing images se as to oblaln & plurality of X-ray images of the entire jaw, then the condowrs are exiraciad as digital
data. Further, it is possible to detect fhe commaon parts of the images with fitile distortion at the adjsining Xray images,
detent the points of malch and estimated match by the block matching method or superpasition, and fomta panoramic
fmage. Furthermore, @ paroramic image is formed in the same way by the actual imagas. These images can be displayed
ofi the monitar saraen o printed ouwt on papsr  form data easy for comparison.
{0330 One example of the dala is shown in FIG, 230 and FIG. 23E. FIG. 33D shows the siate whera ihe actual image
dats is spliced logether by digital processing. b 104 is the uppsr iaw data, white b105 is the lower jaw data. The upper
jaw dats b104 is obtained, for example, by continuous caplure by the intracral camers which is shown iy FIG. 1 while
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shifting the position bit by bit and aplicing together the common parts of the images by  superposition. The fower jaw
data h105 is also similarly prepared. The method of forming a single imags i3 shows, bul it is also possible to simulla-
necusly capture the upper jaw and lower jaw and splice the comivion paris togather by superposition. With continuous
capltire, the images are displaved continupusily. They are alse cantinuous i ferms of size. Therefore, it s easy to find

& the connecting portions. Somelimes, e size adiusiment fs required.

{0331] When obtaining sush a panoramic actual image, the intermediate luminance method, block matching method,
aptical flow method, slo. may be used.

{0332 FIG. 23K shows the upper jaw X-ray data h106 and the lower jaw X-ray data bI0Y which are prepared by
spdicing togathar X-ray images in the same way, Furthermore, at the lower jaw, lower jaw data 108 abiained fram the

W achsal image s superposad o facilitate viswing by the patient.

{03331 The present ambordinment enables comparison of the intraaral actual image, Xoray image Y, vithual carrected
panoramic toolkh o raage, vitual colored panoranic teott row image, ste. by display o a somputer mondtor ar printing
of papsr to make the oral cavity "visible” in the pattent and therefore promate an-going treatment, affective prevantive
care, and proactive reatment for increasing the ratio of care at the patient’s own cast.

5 [0334] Fusther, it is possible to display portions at the gums and jawbons where cara is required by X-ray and actual
images and combine the siste of the jawbones as conditians for implanting an artificdal reot and the state of a vidlual
proathetio shown by actual image based on the Xeray image and possible {o display areas for regenaration by bone
regensraling means.

{0335] Anactuatimage, X-ray image, and microscops image oan be summarized for easy viswing in 8 mulliperspective

& image list By aditing this and displaying or printing out the resull, itis possibie 1o show the patient the order of freatment
and prevention based ¢n the intraorat sifuation in an easily understandable manner,

{0338] An actual image can be caplured by, for example, colaring the plagus by phiaxine ete. to enable the state of
depasttion of plague o be visually ohservad, then forming the inage showa in FIGB. 230, recording it at the recording
device, then ubserving the siate of deposiion of plague and siate of the gums. Furthermarg, based on the state of the

25 gums, ihe plague may be samplad and a miorascope used 1o form as image of periedontal bacteria and edi the image

in o state related to the sampled pottion.

{03371 Furthermore, together with use of the Xray image. an infraoral map which gasily shows the state of pericdental

digease in five rankings may be faimed as image Jats and print data 1o enable suitable pravention of periodontal diseass

and prevention of footh decay.

{0338] By using an aclual image forming means which obtains a photographic wage of all or part of the teath by the

above-mentioned panoramic image speciticgtion, # is possible 1o use a red color dye 1o show the plague in the image

daip oblainad.

[0338] Tha degree of depth of the rad ocior of this image data s defectad as a depth value by a sofhvare-based

detecting means using for exampie the luminance detection technigue. When this depth value exceeds a cenlain value,

3 for exgmple, when the valus of the deepress based on the thickness in the stale ra the plague has scoumulated
an axtent where petiadental banleria can easily groliferate excesds a valus canverted fo luminance, 3 caution mak
{symbal foomed on the screen o)) is attached to that portion of the image data. By groviding this means, f outputting
the Image after dveing the oral cavity 1o a corputer monitor o printer, the parts with large amourds of deposition of
plague can be automatically displayed, This cutma display and the slate of the gums can be viewed fom the images

44 and therefore periodontal disease can be efficiently discoverad, prevantad, and fraated.

G
L=

Virtual Frosthasis Treatmeant Display of Orsi Cavity)

{0340] The presend invention can combine an X-ray image and an actual image side by side to farm an easdly under-
#  slandable image, but it Is Turther possible o superpose the virtual shape or color infarmation of a prosthesis on this
image and display the virluad siate after treatment in a readily understandable form.
{03411  As one example, the Xeray camara means BROTT which iz shown in FIG. 214 is given a means for displaying
{n combination the virtuat shape which is shown in FIG. 21B, while the aclual inage capturing means BB02 whish is
shown in FIG. 21A is given a means for displaying i combination the virtual shape which is shown in FIG. 210,
5 [0342] Furthermore, # s preferabla to provide a virtual shape efc. sloring means B80ZZ for sloring virtual shapes in
advance fo enabie them to be called up for use whan displaying the virtual shapes in corabination. As the virlual shapes
ele., shape information of dentures, bridges, clesps, nonclasps, impdants, inlays, crowns, and cther prosthelic and
orthodantic devines are included. Further, the virlua! shapes iclude color information. For example, shade guides
comprised of color samples providing & large number of tooth shapes used when deciding on the hue are stored in
advanes or oonvertsd lo data at the tme of use. Dnes slating calor infarmation of all lesth or single leeth are also
included. This data may be succsssively stored when taking X-ay images or actual images of the orad cavities of patients
whils adding corrective and management data fo the images as requires.
{0343] I FHE 218, 88013 Indicates 2 virlugl shape adjusting means for Xray image use, in the X-ray image capluring
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mesans B8011, this adjusts the virtual shapa which is called up from the virtual shape ete, storing means BB0Z2 by
designation by the user or autometically to the size of the X-ray image caphured or adjusis i 1 a color which is easily
recognizable on the Xoray image but not disturbing so as b adjus it io a state enabling combdnation. BE31Y indicates
a combined display means for the X-ray imags which combines the X-ray image and virtual state for display on the
& monitar sareen,
{0344] FIG. 218 and FIG. 11T added virtual combinad display means as ancilfary members o the respective camera
means, but these ars not Himited o ancillary merabers. They may aiso be set as main components in accordancs witt
the objeclive. Alternativaly, i is nol nacessary 10 supsipose the adtual image and X-fay inage of FIG, 21 It is also
passible to combine respactively independent virtual displays of the actual image and Xray image. This combination
10 may be performed by converting the images io the BMP, JPES, GIF, ar ofher ganerai format and, in the same way 8%
a orid display ele, using the superimposilion ahnique or using the ransparensy technique or suparpasition techaigpe
usad in genenad graphic software,
{03458] In FIG. 21C, BA0ZD {s a virlual shape adjusting means for real image usa. This has a configuration the same
as the virlual shape adjusting means for X-ray image use. B8021 indicales 3 combined display means. This has a
% junclion and configuration similar 1o the combined display maans for X—ray image use.
{03461 Next, the configuration for combination of virlual displays shown in FIG. 21 will be explained in detaill,
{03471 InFiG. 214, the Xray camera means 88011 caplures and forms a full looth Xeray image b207 shown in FIG,
28A. This {s, for example, & panoramic image which is oblained from an existing X-ray panoramic image camarg system
or alf teeth captured several at 8 time by Xrays to oblain images, converting these 1o digital images, then processing
& these images (o for example gxiract contours, then dotect the commaon parts.
{0348] His also possible o conned] indbAdual images at coraman parts to farr a pancramic image of all testh, Simiiarly,
the aclual image capluring means B8012 forms a panoramic aclual imags 202 of all teath shown in FIG. 288, Further,
this fulf ool image is not firmited o this lschnique, B i alsa possible o use the technique of conlinucusly sapturing
images then selecting and splicing together suitable images.
25 {0848] The trealmsnt portions are found fram the image. For examiple, in the image b201, there are a lust back tooth
part b219a and lost back tooth part b218b and = lost part b219c of the front teeth and a gap b23184d of the front teeih,
The same is krue in the panoramic actual image b202,
{0350] Each lost part s studiad as lo what king of prosthelic is necessary. For example, if a front tooth prosthstic, the
virtual shape adjusting means B8018 searches through the virlue! shape ete. sloring means B8022 o selent a candidate
for the front toath of 3 shape enabling prosthesis. Aller selection, the selected image is read out and is displayed on the
diaplay monitor combinad at the combined display means BBU1Y while selecting the size and solor on the sareen. FIG.
28C shows the image b203 which is obiained by for example combining virlual configuratians. n the combined image
B203, when artificial rools are deamad suitabis for the jost back tooth pans bZB1a and bZ18h of tha back tooth lower
faw, # beidging several artificial tooth roats B213 and superstrictures b215, the bridge use implani 212 and bridge
35 superstructure b2 14 are selected from the virluad shape el staring means BBOZZ. The virtual shape adjusting means
BEG18 adjusts the size and color and pombines the images At the combined display means 88018 for display on the
manitar seepen of mobike terminal maonifar soresna.
{0381] inthe same way for the panoramic actual image b202 which is obdained by the aclual image capluring means,
the aclual image use grosthetic testh, inlay data, eic. are called up from the virtual shape ete. storing means 88022,
4G Tha virtual shape adjusting means BEQ20 adjusts the size and color for display al the combined diaplay means 86021,
{0353 InFIG, 28, b218 indicales the bridge superstruciure b2 14 of FIG. 28C, while 5219 indicales the supersiruchure
0215 of FIG. 280, 217 indicates @ crown for o froni tonth and correspornids to b210 of FIG. 28C, b218 indicales a gap
prosthetic part 211 of FIG. 28C.
{0353] For farmation of the gap prosthetic part b2 11, for example, i the tealh are crowns, formation is possitle by
#  erdgrging e sizes of the crowns and making the two crowns contact in state. Iy the case of natural teeth, the technique
is shown of grinding away some of the fwo testh for insertion of the prosthelio,
{0354] In the combined imagas b203 and 5204, the prosthetios are shown by hatching. For examgple, in the bridge use
fmplant b213 and bridge use supsrstructure b214 in the combines image b203, when strength elc. is ol preferable,
thres artificial roots arnd superstructures similar fo the lower jaw right side are read ot from the vinrual shape ain. staring
& means B3022 and displayed replaced o allow adjustment of the slate of the one at the lost part and the possible range
of an impian! while viewing the image.
{03551 Further, it is possible fo call up tooth color data from the virtual shape ete. storing means and compare and
adjust the relationship of colar with the adjoining feath to make a decision. For example, for the front tooth prosthetic
D210, # is poasible torefer to general use modals and adjust the shapa and color with the adjeining teeth for combination
anud dezision.
{0358] As the method of treating a gap b218d as well, # is pogsibie (0 select the lype of prosthetic which can be used,
such g5 an inigy, orown, etc., from the virfual shape efe. storing means BROZ22, apply & i the imags while adjusting &
by the virlual shape adjusting means B8ME, view the exiant of combinalion by the combinad display means 38419,
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and study the virtuz! shape as well. When this virtuad shape is formed ss a 30 shape, the virtual shape is made o rotate
on the scraen and & more realistic combined image can be oblained sven with a planar infraoral image.
{0357] There is sufficient information for study aven in (he state giving the images of FIG. 28C and FIG. 280, but the
comparison portion detacting means 38013 of FIG. 21A designates a characterizing gortion in the portions befors
& combination out of the combined image shown in FES. 280, the comparison portion extracting means B8114 designates
@ characterizing portion in the portions before combination out of the image shown in FIG. 280, and the comparing
means 88015 compares the two camparison partions and temgorarily recards and disglays the malched state.
{0358] Animage showing his displayed state is shown in FIG. 28E. The combined image p206 consisis of the actual
image and the Xaay image sugerposed. The number is the prasthetic state shown by the combinad images b203 and
10 204, An X-ray image s bard to view. in particular, the gum portion {8 hard o vlew, but with sush a combined image,
the gum pat of the Xeray image is displayed in an sasily understandable manner. Further, the supersirusiisces or teeth
and the hadancs of the mat pards can be displayed to be saslly understoud,
{0358] By vidually attaching the prosthetlic on the screan, it is possible to display to the patient the oral cavity in a
manaer enabiing the ackual resulls of frealment & be imagined. Alternatively, i is attempled ta vealize a prosthesis
% suifable for the patient by prasenting the patisnt with a virtual neup of sultable colored or silver teeth or ceramic or
ather testh. Al the time of treatment, the virlual altachment {0 the Xeray image aiso becomes of referencs in freatmend
io the dentist. For the virlualdaly, &is possible 1o use already available data as itis or enfarged or reduned for combination.
i aodition, after combination, it is possible fo canvert the actual tistance to prosthatic data and obtain calor information
and whiterting and corrective dala.
& 103601 By oombining avirtual shape with a prosthetic poction, itis possibie to find part of the size of the actual prosthstic,
so the virtual shape or olher dala can somelimes be used as s a5 data for prosthetic production.
{0361] Further, this technicue is performed by & computer, Part of the size of an antual prosthetic Is quickly learned.
This can semetimes be usad as production dala as is for the prasthetic.

2% {Mobils Torminal Type Information InputiingfOutputting Means]

[0382] Next. an embodiment of the present invention will be explained in detail with reference to FIG. 24, In the figure,
1al}t indicates a sraall sized batery of 2 butlon type, tubs type, shaet lype, pin lype, ete. Further, gither a privaary call
or & secondary ceff may be used. 1a02 indicates & voltage boosting means such as a DC-DC converter, chopper, or
switching regulalor which, for example, has the function of boosting a voltage of 1.5V fo araund 3V, 1203 indicates a
coftrol maans such a8 a3 one-chip type compitter or ABIC or olher control chip. 1ald indicates a display means formed
by a bquid crysial panel stc. which can display a 23 image.
{0383] 1205 indicales 2 terminal side communicating means which Is sultably provided by the Wype of the wirelass
medium 1200, if a radio wave, a oircult which inchides a carrier wave output means for use up to several GHz, an FM,
& AN, PCM, or other modulating means, and 2 transmission and raceplion anlenna is used. ¥ iight, a combination af an
LED, laser, and COS or other ligh! recelving slement is used. Among these, Zigbee Module (vrand name) using radio
waves 2tc. cat be suilably used. In addition, sometimes a USE connection of other gereral use cable, dedicated pabile,
or other cable compunicating means is alse possitle,
{0364] 1308 indicaies an inputling means such as 8 keypad, fouchpad, or other means which is depressed, touchad,
44 ate. o convert tha portion intended by the user to an elackrical signal. Sometimes a fguid crystal panel which has a
touch paael funclion or other device which doubles as the display means 1a04 and the inputting means 1a08 is used.
{0365] 1af¥7 ingicales a sloring means which stores & program for editing patient data and displaying it on a display.
The patient dafa is mainty recorded at the host device side, so temparary storage is also posaible. It need only be stored
up o the capacity. 1a08 indicalas an elpctring! ling which directly connects the inpuiling means 128 and the terminal
4 aide communicating maans 1905, This exhibits the function of divect transmission of 4 signat through the terminal side
communicating meang 1805 if a key is pushed and may be configured in the same way as a oircull line between a
kevhoard and computar. When 2 control means 1a03 acls in s stead, i is somelimes unnecessany.
{0366] 1208 indicates a host device which is configired by a sombinalion of 3 meaurding means 1at1 which stares
patient duta, patient iplraoral deta, patient bealih data, altendance records and wther dental emplayves related dats,
8¢ dentat dlagnosis and treatment data, oleckonic patient chart data, patient reservation data, ele. in & databaze and all
other daia relsting to the denlal practice, 3 hos! computer 1a18, and 2 communicaling means {208,
{03671 12308 indicates & host side communicaling means which is configured paired with the mobile terminal side
ferminal side communicaling means 1808 # is not uncommon for & plurality of mobile terminals fo be ulifized for g
pluraiity of patients, so the mobile fermingls or comminicating means 1208 preferably can be set to mulliple channels
and input from anly spenifie mobile terminals can he made to be acceples
{0388] 1210 indicales 2 host computer which is configurad by a8 combination of a display device for display use, a
keyboard, mouss, printer, and other peripheral devicas, 1att indicales g recording means such as 38 hard disk, S0,
DV, USE memaory, or ather recording medium which can be noused in the host compuler 1a10. The communieating
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means 1209 may be similarly connected af the oulside and may be built in. 1212 indicates a communication natwork
such as the Internet, an in-house LAN, Infranet, ete. 1813 indicates another host device which is configured in the same
way as the host coraptiter 1at18 of the host device 1308 and may store patient data ele. which the hosi davice 1alB
daoes not hold. Further, for exampie, by sending traatment data from a distant location lo g mobile terminal, it becomes

& passible to asaisl the diagnosis and freaiment of a dentisl operating it
103691 Next, the operation of the embadiment which s shown in FIG, 24 will be explained.

{0370] The voltage of the battery 1ali1 i boosted by the vollage boosling means 1202 and supplied o the different
means. This voltage boosting means 1al? is used to, for example, hoost the tattery voltage of 1.5V o 3 of more to
angbie the C-MUS condrol device etc. o be driven.

W 03] The conirol means 1203 may call up, run, and display on the display means 1ald a diagnostin data processing
pragram at the time of dentat diagnosis and treatment from the storing means 1a07. Gtherwise, data which is sentfrom
the host computer 1210 may be displayed as i s on the display maans 1aid.

{0372] Since & wireless conununicating means is used, first, or it the widdle of operation, the state of communications
is examined and lhe communication situation is confirmes. Further, even ¥ the wireless connection is broken in the

B middie, the confrol means 1203 may be configured 1o enable provisional input and output while it is broken.

{03731  In accordance with the display of the display means 1a04, the operator pushes, louches, or ctherwise aperates
ihe inpul butlons of the inputting means Ta08. In this case. for exampie, ¥ pushing the key "t of the inpulling means
1a8, “1" {s oulput and displayed through the controd means 1803 on the display means 1al4 and s sent through the
terminat side comrminicating means 1alb, wireless madium 120, and communicating means 1ali o the host conputer

& 1810, i the exsousd bution signals reach the host computer 1210, Tor example, when the patient nams is sent from
the inputting means 1808 {o the host compuler 1810, 3 search is conducted in the database in the host computer 1810
receiving it and the data is sent {0 the mobile terminat 1204, The sent data is adjustad for display use at the control
meads 1al3 threugh the lerming side communicating means 1a08 and s displayed at the display means 1ald.
{0374] Futther, the system may be configured so that the data which is ransmitted from the host compuier 1310 fo

25 the mobile terminal is displayed as is at the display means 1204 of the mabils terming! 1a0A. Alternatively, the controlling

means 1803 may ca¥ up and run a pragram from the sloring means 1all?, process data which is sent from the host

somputer 1210 by the program, and display the results on the display means 1al4,

{0378] As the dalz which is ransterred by a wire scommunication means, sign data, numeric data, symbol data, and

other text data and image data are sent. When the host computer 1810 does not have the required content, somatimas

{he data is acquired from another host device 1a13 through the communication retwark 15812,

{0376] The inpul from the inpulling means 1808 s further recorded at g host device side recording means tatt, For

axamgle, when § periodontal pocket degth valua is obiained and is manually input from the inputting means 1al§, ilis

racorded as is through the host computer 1210 in the recording means a1, but o confirm the input value, tha display
means 1al4 may also be provided with a cirouit for displaying

3 {03771 Nexi the operation of sn embadiment of the present invertion will be explained in more detail while referring
fa FIG. 24 and FiG. 25
{0378] Althe time of stard of use, as shawn by step 1601 shown in FIG. 25, an automalic cammunication fest s run.
i the cormmunication test fails (NO) {atep 1bOR shown in FIG. 25}, an efror message Is displayed {step 1503 shown in
£i@. 25} and an aulomatic communication test is run again at step 1bM1 shown in FIG. 25.

46 [0379] the automatic communication test sucnesds {YES), the host computer 1a 18 which is showrn in FIG. 24 cutputs
the patient spiection menu display dsta through the communicaling means 1308, wireless mediuom 120G, and terminal
side communicating mesns 1a8 to the control means 1all. The control means 1aii3 to which this data is input eitpids
this to the display means 1a04. in this case, whal the hosl computar 1810 culpuis is display use data. Whaen displaying
this display uae data at the display means 1304, a display use progranvwhinh is read out from the storing means 1a07

48 i run by the confrol means 1a03 1o form this in this Blustration.

{0380] Note that, the palient selection merny may also be recorded as a program in the storing means 1207 of the
mobile tlerminal. Alternatively, the data may sometimes be directly displavad at the display means {a04 without going
thraugh the conlral means 1203,

{0381] Thedisply rears 1804 shownin FIG. 24 displays the patientuser selection menu (step 1004 shown in FiB. 25}

& [D382] The case where, at step 1h0% shown in FIG. 25, the patient selsction menu number is input by depressing the

kevpad {yes} will be axplained. If something slse is selenled (no), the operation shiffs v the terminal 1608a. There, &

simitar operation s repeated, so llustration and explanation will be amiited.

{03831 The patient selection {for exampls, depression of "1" on the keypad} and the signal of "1™ are senf ag they are

through the wireless communicating means {0 the host computer 1atd where & program operates which displays a

patisnt nama Pt bax on the display means 1304 Al step 1h08 shown in FIG. 258, if & patient name ar patisnt oode is

inmat by depressing the keypad, each lime depressad, 8 code and fext data corregponding 10 the deprassead key of the
keypad are sent to the host computer 1a16, i the anter key is depressed, the stored data in the recording means 1att
of the host conipster 1810 is searched.
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{03841 For this search, in addition to = full match search for the entire name, a partial match search where only the
surname and first name are input ete. may be wlilized, so 3 list of patients obtained in the case of a partial match search
is displavad.

{0385] Whether or not thera is a patient candidate is displayed. If there is, a key showing that there is is pressed. The

] prassed iaformation fs sent divectly fo the host computer 1810, The host computer 1810 then calls up the patient ala
from the database and sends i o the mobile terminal talA.

{0386] This patient data is displayed on tha dispiay means 1a04. {a this casa, the control maans 1a03 lists the data
for dispiay &g  is for gach paragraph oode.
{D387] Furthermore, when displaying palient data, the control means 1303 may read out a display use program fram

10 the storing mieans 107 and run it so that the display means 1alid displays an array In sccordance with the program.
{0388] ¥ there is 3 patient candidate (yes) al step 1H07 shown in FIG. 25, the host computer 1810 shown in FIG. 24
serds the patient data B0 the mobile termiral {a0A (step 1608 shown in FIG. 25). I thera is no patient candidate (nal &t
step 1607 which is shown in FIG. 35, the patiend is registered as new or a search is conducted again, but display of the
rautine for the repeated search is omitted. Only the step for nsw registration of a patient {step 1609 shown in FR3. 25}

% is shown,

{03891 In the cass of new palierd registration, #f operating the keypad of the inputting means 1808 o input dala, the
keypad input s sent aa s 1o the hostgomputer 1810 where it i3 registerad in the database of the recording means 1811,
Further, in the case of registering 8 new palient, in addition to ingut from the inpulting means 1a08, nput fram the host
computer 1310 s also possible. Whalaver the input, the patientis newly added fo the patientinformation which is recordsd
& inthe recording means 1811 of the host computer 1810 {step 1b0Y shown in FIG. 28},
{03887 ¥ he patient is identiled and the records are displayed, next, at step 1610 which is showa in FIG, 25, 8 meny
for axamination s displayed at the display means 1204 of the mohile terminal 1a0A. This meny display shows the data
which the host computer 1810 aulpuls and displays or the data which is processed by runaing a prograpywhich is called
up from the storing means 1807 and is displayed by the display means 1a04 by the control means 12032 as an exampie.

23 {0581] When the axamination menu related information is displayed as text sentences, itis displayed fom host deavice

1208 through the wireless medium 1a0C and the control means 1all3 as is. in the case of a display having a pattern of

arrangemarndt distinctive to the database, an application program may be read out from the storing means 1307 and ryn

{siep 1b10 shown in FIG, 258,

{03921 FIG. 35 shows the case whers plague sxamination is designated. Other aptions {(1b11a} are omitted. f desig-

aating plague examination at step 111 which is shown InFIG. 25, the signal which is abtained by prassing the inputling

means 188 {0 desighate npwt is directly sent {o tha host computer 1a10. The host computer then oulpuls the past
plague data.

{0393] The past plague dala which the host compitar 1210 calls up from the recording means 1311 and outpts fo

the mobile lerming! 1304 is data of numerical values, symbals, text, maving images, sttt images, efc. The control means

3 1abd runs = plague display program which was catled up fom the sioring means 1807 and uses the data which is outpud
from the bost compiter 1310 as the basis for display.

{0394] Dataas what stags of plagque fa add al what side surface of what taoth is sent ta the host compater 1210 shown
i FIG. 24 by uperation of the Revead &t the mobile termina) side. The host computer 1810 records daia to this effect in
the racarding means tati.

46 [0385] H. at step 1b12 shown in FIG, 25, the plague of the patient is displaved, the routine procesds o step 1H13
shown in FIG. 25 for deferminalion of whether to make corrections or additions lo the samsa. If making corections or
additions, the shove-mentioned corrections of additions {step 1h14 shown in FiG. 25} are performed.

{03961 When the meaificatinns and corrections or additions are completed, af step 1015 shown in FIG. 25, #t is judged
whether to gerform another examination. I performing another examdnation, &b examination menu of step 1010 shown

i FIG. 25 is displayed, f not performing another examination, whether to retumn to the inkial menu is displayed {(slep
1616 shown in FIG. 28} f returning to the initial raeny, the patient and user selection menu of step 1604 shown in FIG.
25 is displayed and the processing is continuad, If notretuming o the initiad menu, for example, the routing may be ended.
{03871 Nole that he above configusation s ondy nne example. For example, smard phones and mabile phones may
somelines wlso be used as they are a8 mobile larminals for mansging dental information. Al the vary least, the dental

& ampioyes can cany the device and operate it o input, display, and record infraoral information, denial office information,

dental employes information, and other relaled information. ¥ necessary, he or she can read out information from the

host terminat and racord information thers. The devices nesd only be ones by which dentsl amployeas can display and
fnput necessary information in & shared manner. They may be configured in accordance with the purpose of use.

{0398] Tne above operation anables wireless communication of keypad codes and numerical vaiues, lext, symbolg,

fext dala, Images, moving images, and other data. Real ime dispiay ie possibie, 50 aven if using the tenminal al the

same time as diagnosis and freatrasnt, stress-fres use Is possivie. Allernatively, when weating the host device on the
waistor back or when there is no problem even if connecting the hostdevice and the mobile terminat by cables, somatimes
wireless commpunication s not necessary and communication by cables is posaible.
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{0309] The present invention enables centralized management of dental information by the above-mentioned mobhile
terminal. As the information to be managed, for example, dental offics information, patient information, palient chart
information, account information, dlagnosis and lreatmant fee fnformation, ste. handled by reservation management
systems for dental diagnosisfreaiment, electronic pationt chant systems, reception computer systems for preparning
& reneption dala rom accounding information and diagnosis and treatment information, recall management sysiams ratating
to repeal patients, eio. can be inpud. For axampls, denfal office information which is handled by & business management
system which is provided with the function of preparing and displaying graghed reports, digital X-ray information, dantal
microscope information, dental CT information, intraoral camera and other examination information, treaiment use dental
unit information, patient chalr and other data infarmation, probes for periodontal pocket examination use, and intraoral
W formation from other devices, and sttendance and other information on deral employess such as dentists, denial
hypienists, dental staff, reception and aoministration staff, dental technicians, and other empioyees may Be shows. ia
audition, ioothpaste information, plaque related information | pericdoniat bacteda information, ele., preventive informa-
fian, lifestyle disease related information, and other such information which is not fimited {o the oral cavity, but relates
o diseases refating lo periodonts! diseases and other indirect diseases, for example, blead pressure and blood information
% el is sometimes also included.
{04001 Further, usaful information about the clinic, useful information about the patients, guestionnairs information,
business information, ete. may be centrally managed, but the cenbralized management may not only cover all information
reiated o the deniat gractice, but also jusi the reguired part of the infarmation.
[0401] For example, when, Ske in the case of an analog X-ray camera device, data can only be oblained by analog
& photographs or images of in the cgse of handwritien data, an imags scanner, digital camera, hard copy of the computer
soreen, or other digital converting means is preferably used to convert ihis to & digital signal far management.
{0402] Tha dala may be cenfrally managad by the above mablle terminal, but a tablet fype, noteboak fype, deskiop
fype, or other dental computer may also be used for centralized management. n particular, 8 network specilication
terminat used primarily for the Infernet or @ mobile terminal may be wilized. A mobile terminal which is connected o the
2% Infemnet by @ wireless LAN may also be utilized.
{04031 Further, the present invention can provided centralized information and can provide data processing ste. using
the oloud computing technique, For example, & mobile terminal or host terminal may use application software which is
provided by one or mare center organizations through the Intermnet and input and oulpat data by dedicated or ganeral
use browser software at e terminal side. The terminal side need not install the cenfralized management application
software. By just installing interne! Explorer®, Firelox®, or other browser software and using this browser software lo
runt soffware for centralized management of dental information of a center, it can input and oculput data. R is therefore
passible nat to worry about the capacity of the recording device at the terminal side and grovide both small size and
siriple design.
{0404] Noteithal, rather than a general use browser, itis also possible to use dedicated softwarse for slarting up software
35 for centralized manugemernd of dental information. Further, the terminal side may sometimes siore aff information al the
ainud side rescurces and sametimes store part of the information requiring secure management such 3s parsonal
inforaatian at the ferminal side.
{04051 As the type of the cloud, for example, & system which is constructed as a private cloud of just an irehouse
system, hust 3 center organization, or a group of participating dentists whers leakage of information would be a prablem
44 is preferred, it a0 long as securily is relisbie, { may be configured by a public cloud which is constructed by ouiside
camputer information service organizations. Sometimes, the entire part may be made a privale cloud or a public ploud.
{0408] This mobiis terminal may be carried for use by not only denlists, but sisc dental hygienists, dental reception
and administrative siaff, dentaltechnicians, and othar related staff and sometimes patients. Data can tharefore be shared
with otber stafl, Alternatively, by providing & Tunction of switching IC cards ar aiber carviers for identifying indivicuals, a
& single terminal may be aiternately used exclusively.
{0407] Forcenbralized management of the data, itis preferable thal there be compatibility between the data which the
different systems handia, but compatibiility is not necessarily requirad. For example, when using hard copy data of the
sereen sie, s sufficient that the dala be displayed an the mobile terminad and be able o be operated there.
{0408] in the present embodiment, use in real tme where the server provided wille the external dtabage wnd mobdis
# termingt can communicate is preferable, but the invention is not imited to this. The operation may be temporarily recorded
in the mobile terminal and, when communication with the server & enabled, the temporartly recordad dals may be
automatically transferrad o the database by the bateh method.
{04081 For example, when operating a patientreservation system orea mobile tzrminal, when deterivining the schedule
of visits {0 the clinic for patient treatmant and prevertive care, if inpulting a candidate reservation date from the terminal,
the reservation status data is mad owt fram the dalabase and compared. Itis possible o display averlapping schetuled
dates on the scraen of the mobile terminal and prompl change. Alternatively, it becomes possibls to enter the schedule
into @ phursiity of ireatment and preventive care screens in an inpwt display fleld of the robils tarminal screen and send
a print command from the mobife lermina so as o print out the schedule of reatment and praventive care by a relaled
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printer, This can be then given to the patient.

{04101 Ths mobile terminal may he connected with a hast device wirelessly or by cabis and also may be connected
with an intracial camera by cable of wirelessly. In this case, #Is possible ko perform suitable positiening for capluring a
faath or woth surroundings which require treatment or preventive care.

& {0411] Not only is i possibie to cenraiize information between a mobite terminal and host temdnal, but ales when
using a host terminal as a server when providing 2ach dental diagnosis and frestment chair with @ terminal as @ denial
computar, i is possible 1o achisve certralized managemant of information betwaen the host terminad and the computers
of the individual chairs.

{D442] Forinput of data to the mobile lerminal, in the above-mentioned way, use may be made of operating buttans

0 or rotary disls of the pregsaing iype, siding tvpe, or type whinh are operated by bringing @ Snger of pen or other such
ohject into contact with screen. In addition, virtual buttons or virtual keyhoards an the soreen and, when an intraoral
camena of other paripherdd devdce, s cormiected, the abave merdioned tultons of dials on the peripheral devices may
he used. in addition, audio inputand recarding by an intagrally provided microghons or & scanning and recording function
by a camera which is inlegrally or separately pravided may be providen to facilitale free input. Fusther, the scanning and

% racording funclion may use a derdal camera to record 2 photographic inage.

{04131 When inpulling texi or a handwriling image by an aleciromagnetic induction typ2 pen or resistance film pen
when inputting information onto the scraen of & iablel type coniputer, mobile terminal, ele, R i3 also possible fo faleh
handwritten input data. For exampie, when providing an expisaation to the patient, when explaining atreatment technigus
o a denfal hygisndst, and when ctherwise display on the screen by hanawriting is suitable, if inputling information directly

& from a mobile terminal by handwriting, itis possibie io have this displaved as itis or have it displayed synchronousty on
the monitor soreen of the host terminad to afiow explanation o the patient of explanation te another employes or lo have
i recorded ga bs and used iater. In particular, when emtering information info the intraoral image by handwrlting, the
information wan be used ag is as patient data.

{0414] Futthermore, it is alsn possible fo input and culpul audic data to obtain an accurate grasp of the intracral

2% shuation. With the audic data, for example, when talking with 8 user of another mobile lsrminal, its possible to designate

a window on the roblie lerminal screen and simultansously display the gudio and image. Alternatively, the audio data

is converied as is fo fext dala or the handwriting {axt is converted to text data so as o reduce the required storage

capacity. In parficular, when dlagrasing the oral cavily, specialized terms relating to the siate of tuoth decay elo. can
be recorded in advancs as audio data and compared against audio which is input through the mobile ferminal for
conversion fo text data. This enables data which had been previously entered fo automatically be made elechrenic dala.

{0415] By recording prarecorded audio samples and text data of speciglized terms as tables in a recording davice,

compating the input audio dats and audic sample dala, and canverting the matching or subslantislly matching audio

sample data to coresponding text data, it is possibie o record gecurate dental information.

{0418] The present embadiment enables inpwt of slectronic patient charts and other patient information, input of

& diagoosiy and restment Tee information, and input and oulput of irdormation relaling to other dental sdministration under
santraifved management, it in this case, the host terminal and the mabile tarminal may be  synchranized in & laast
the input stale. That s, { there is foput fram the host termingl, that input is displaved on the mobile terminal. The outgput
cisplay is also performed synchronously in the same way, The soraen synchronization software can be ran by a mobile
terminal which has & built-in gensral use camputer by ulilizing the commercially avaiable software Syno+®. Akernatively,

4@ {he mobiles terminal is one shown i = sate which ulilizes a funclion bulit in In advance or connedta with a USE terminal
which is provided with a LAN funclion io as 1o be able to ulilize a wirnless LAN. This enables sharing not only between
the host termingd and mobile terminal but aiso with another mobile terminal through the host terminal or direct sharing
betwesn host ierminals. The "direct sharing” may be sharing 1ilizing electromagneatic waves, infraved rays, and other
wirsless media and aiso ihrough relay terminals.

4 {04171  In the case of home dental reatment, ¥ ithe storage capacity and processing ability of the mobile terminal are
ow and datg cannot be recorded, { s aisg possible to use 8 separate storage device of e-mafl eis. to clean up the part
which cannot be stored as data and use a dedicated or public ine to transmit i to the host terminal seguentially or every
certain stoved amount.

{0418] Suchsynchronizetionofdisplay between lerminals enables input ror s hosthenminal provived with sckeyboard,

& mouse, or otherinput interface and thereby enables guick input since when dental diagnoesis and treatment is for example

performed on & common roora, complicatad input frort the motile terminals takes time,

{0449] Furher, in cenfralized management of dental information using a mobile terminal or other terminal

pessible to automatically provess time series data. For example, the date and time of the end of restmeni or suspension

of reaiment of & pationt affer freatment is read out from g database and somparad with the currand date and time, When
apresettime pecind has elapsed afler reatment, that factis displayed on the mabile leriminal or host terminal, Allernatively,
it is also possivie o automatically print out e-maile directly.

{04201 The host ferminal may aulomatically aotify the mobile lerminal when the time for preparing diagnosis and

freatment fees and say aufomatically notify and adjust allendance figuras for days whera there are no reparis afe.
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{04211 The mobile terminal may connect with an X-ray image capturing systent, infraoral camera, microseope, o other
perigheral devices direstly or through a hostierminal so as 1o, for example, display the camera autpuls by these peripheral
adevices in real time on the mobile {erminal and record them in palient data folders ideniffied by the patient names ata.
Thase parivheral devices and dantal chairs, fighting equipment, ele. may alss be controllad in operation from the maobils

& terminal, At fhat ime, records of the contral operation may be fogged indo the patlient chart.

{04221 The patient data folder is preferably recorded mainly in the host ferminal in 8@ nonvedundant state and can be
read by a search from individuat terminals. There may be several cogias of patient dats folders such ss at the individual
terminale in the cass of temporary use, Bulwhen recording it continuously, presence in o single slorage area is prefarable.
This starage ares may be not only the host termiaal, but also a distant lacation through a network.

10 {04231 The maoblis terminal may further he abie to swap audio, mage, or text information with the patient. in particuiar,
as use of mobile lerminals becomes generalized, the patient may alsa cary such @ mabile termdnal. i the patient carries
ane, preferably he or she can only view information required for hrasell o hersafl g 2 patisnd. This s because, for
axamgle, if developing application soffwara for using smart ghones and other mobile phones as the ahove-mentioned
dental management terminal, a patient nead only inslall & specialized application to erable such use.

5
{Dental Explaining Means

{0424] The presentembodiment exglains dental diagnosis and trealment by for example displaying a panoramic image
of the antire row of feeth of 2 palient and an image of the ireatmeant portion on a computer monitor {display) screen and
& combines subdivided moving images ih accordancs with ths abjsctive for repraduction as @ combined moving imags 50
as o enable indhidual palients to easty understand explanations of treatiment. The dentist may use an exisling sequence
of maving images obiainad by combining the subdivided moving images in advance or may select, edit, and combing
ivages i advanee.
{0425] Forthelechnigue by which the dentist selects and adits images in advance, a semicusiom or existing tombined
23 moving image sequencea is salectad for use, but an examgple of combining all explanatory data to prepare af least one
moving irmage sequsnoe will be explained in delall with refarence fo FIG. 26.
[0426] FIG. 28 is a view for explaining the operation in the case where the denlisi seis ong combined moving image
inadvanoe. In the figire, 1¢01 i3 the display of the initial menu. A st which shows the existing moving irmage segusnces,
& liat enabling semicustom connection and ediling, and g list of individually subdivded moving images are displayed
and are sedected in acoordancs with the obiective,
{04271 1002 is the step of selecting one of the initial menu displays,
{04281 1¢03 is the slep where the steps o be exeoted are hranched acearding to which s selected. In the ¢ase of
NO, the rowting proceads 1o selection of another combined moving image {not shown} through the terminat 1e032. in
the case of YES. the routing proveeds 1o the step {1o04) of jutdging whether an image is akready registered among the
& pombined moving images by the techaigue of searching through the names of moving images or searching for combe-
nations of distinetive codes assigned o the subdivided moving image data. if provisionally registered {(YES), the routine
proceeds o selention of ancther combined maving image through the terminat 1003a.
{04291 When nol regisiered, a list of the subdivided data is displayed and furthermore editing regions are displayed,
The lisi of the subdivided data may be broken down by objeclives or may be formed info an array or formed infa a tree.
44 {0430] in tha selection 1c05 of the subdivided moving image data, the data is moved from the list to the sditing region
by the copy and pasie or drag and drog lachnigque to adit the ime-series explanatory data.
{0431]  InFIG. 28, when selection of the subdivided moving images has ended {1c08), the selected combined moving
imags seguences is reproduced on a test basis {(1¢07).
{0432] FIG. 27 shows an example nf combinalion of the combined moving imags. inthe figure, 1401 indicates amaving
4 image of recovery of the gums affer tooth extraction, 1402 indicates a slanted moving imags of the adjoining teath, 1403
indicates a maving image of elongation of a facing teoth, 1604 indicales a maving image of formation of a support tooth,
and 1605 indicatas g moving image explaining the dantal work shown in FIG. 1 and a moving image showing the setfing
of the dental work. These individual maving images are preferably nob single, but 8 plurality of moving ivegss.
{0433] The series of proving images from 1di to 1408 are made the combined maving image 1400 which is named
& ard is recorded in a recording device, Code seguences assighed to the individual subdivided moving image data in
advance are resorded by the renording devics, then the combined moving image 1400 is displayved on the computer
soreen as a single foon,
{0434] The combined moving image 10 is comprised of moving images which are sucoessively combired to farm
ong moving imags which ¢an be sontintously reproduced, The individual moving images are subdivided, They are
praferably respactively sot with patient capacities and dentist papacities. The individual moving mages are, for examgis,
the WY, AV, or MPEG formal. They may be selected and successivaly combined by axisting moving image sditing
software.
{0435] Furthermore, al step 1008, the dentist side data and patient side data are gisplayed, and the fine and cost are
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displayed, Preferably, the use of anothar technigue for lower cost, shorter fime, and higher profit is sxplaived in the
display as an afternative.
{0436] Al step 1008, gven ¥ the combined moving image has afready been prepared, if desiring fo reselect i, the
raating is made 1o proceed to selection of the subdivided moving image data. 1010 is the Slep of selecting whether
& stare this meny fist, i storing B {YES), atetep 1011, the name of the combined moving imags is input and registered for
storage. When not sicring #, the routine retums 1o the end afep it is sefecied whether fo perform editing or to end the
routine as tis {1e12}).
{04371 FIC. 26 explaing the operation whan a dential prepares a combined moving image, bul there is 8 large number
of actual subdivided dala, so depending on the selectad data, sometimes time is laken. Therafore, it is also possibie 10
0 form samples in the manner of an ediling box for each ype of explanalion in advance. This embodimeant may furither
ragister the intraoral image of the patient iiselfl in the subdivided maving image for utilization as part of an explanation
of trasdiment, prevention, elc, unigue to he patierd.
{8438] Ths present embodiment is mainly utilized for obialning informed consent. From the viewpoint of shortening
the freatment time for the patient and for making the exglanation more efficient, mare sfficlent viewing is preferatie, but
% in this case, subdivided moving images of duralions of several seconds to several minifes are preaeniad by the dentist
while expiaining them to the patient. An suxiliary soreen which explaing terms used by the dentist may also be displayed
o make the explanation easier for the patient to understand.
{0439] Forexsmple, a st of the subdivided dala {s displayed on a computer screen by icons, tables, ele. The data is
given simple fitles easy for the patient {o understand. This fist is edited by displaying it on tha sbove-mentioned mobils
& tgrminat andg having the dentist setect from . The selected state is displayed ant the acraen which is viewed by the patient,
{0448] Further, it is also possible o discuss realment with a patient while using a slaple mobile termminal o prepare
a combined sagusnce of moving Images selected for the patiert and dispiay this to the patient on an immediate basis.
That {s, & mobile terminal provided with & dispday unit and inpul interface which is mainly carried by 2 dental erployes
and a terminal provided with a display monitor by which a patient or person desiring preventive treatment {refarred fo
23 as'patient ete”} can view the information is used by the dental employvee to searchfor and edit moving images, subdividsed
moving images, of combined moving hvages which include content o be informed 1o the patient elc. o the mobile
ferminal, When the editing ends, the image Is ransmitied {o the patient viewing terminal. Further, In this case, moving
image data may also be ransmilied, bul # g also possibie to ransmit identification data aitached 1o the moving imags
data, have the termina! for patient viewing receive this identification data, and process the moving imsge based on this
identification data seguence in real time for display on a screen.
{0441} Furthermore, the dentist el can carry & mohile terminal and in that skate play back a moving image on the
screen sisplay of the terming! which the petient ele. views, stop i, dispiay ar not display the patient data, and periorm
uther remuote oparations.
{0442] Further, the image and data which the patient is viewing can be synchronausly displayed on a mohile terminal
35 which a dentad employes cardes, in particular, when using the intreorsd camers which is shown in FIG. 1 o disphay and
axplain the oral cavity of & patient, the explanation and case studies match and become easier to understand.
{0443] Furthermore, in the present embodimant the mobfie lerminal which Is showa in FIG, 24 may be used o edit
the movirg image data and W output and display the ediled image on a computer mortifor which the patient can view,
{0444] Further, the mobile terminal may be used to enable operation of dispiay of & moving image on a maoniior which
44 is nonnectad to & dental computer which & patient can view.

N
3

G
L=

{Gun and Tonth Boundary Detecling Means]

{0445] The present ivention includes a configuration far enabling the boundary betwaen tasth and the gums to be
8 plaarly set

{0448] The image of an intraorat camern is usually captured while lighting up 2 dark narrow space, so, for sxamole,

in the means for fonming a panoramic image by comptter image processing which is shown in FIG. 8 and FIG. 10, #

detecting the common parts bebween images, when explaining dental treatment o the patierd, slc, i s someatimes

difficult to disceen the boundary butween the gums and izeth and the fike due to the close color ard theeflects of saliva eta.
8¢ {04471 Tharefore, a combination configuration which is comprised of a contour axiracting means for extracting conlours
of izelh i1 an aclual mage, 2 color componerd image converling means for sonverting an aclual image o component
colors to clariy the shapas of the testh and the gums, and a combinad image forming means for combining the inage
whinh was convarted by the onlor component image converling means and the contowr extracted image is used in enable
axtraction of the contours of the leelh and gums gven at locations of staining of the tseth or poor illumination.
{D448] Tha cantour extrasting means is for axample compriced of a means for applying a 3D Fourler transform i an
image and & means for detecting only & phase signal in 8 frequency region which shows changes in contrast of & image
affer the Fourier transform and applying an inverse Fourier transform, In addition, a Z-transfarm system and Laplace
fransiorm sysiam ste. may also be ulilzed in some cases,
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{04491 The coior componernt imsge converting means, for example, is a means for forming images broXen down into
component colors showrn by the RGB codor system, La*h™ colar system, H3V adlor system, XYZ polor system, xyY color
systerm, L'u™v" calor system, Mursell calor system, Oshwaid color system, NCE (Natural Color Systam), DIN color system,
or ather color system, salecting from aniong these a component color by which the shape can be clearly sesn, and

a forming aa image bassed an this component color or 3 rasans for combining component calors without regard lo the color
system to form a component color by which the shape can be more clearly seen and form an image based on that
component color. This selsction is preferably perfarmed by measuring and determining a coraponent color suitable for
{he intraoral image, bk, for examiple, combination of any one of the L component image, 3° component image, or d™
componemt image of the La'b* color system and any ane of the H {hue} componsnt image, 3 {saturation chroma}

0 componegntimage, and v (brighiness lightness value) companentimage of the HSV colar system is shown, Combination
of cainponant colors of diffarent color systems is somatimes preferable, The component colors need aaly be selecied
and cambined for conversion to a companent color by which the shape can be clearly seeq or for combination of &
phiratity of component colors. Further, 3 "component image” includes an image which enhiances the componeni olitained
by agjusting the values showing the component values in for example 3 program.

B [0450] Fusther, inadditionto selecting a componentimage by which the shape can be clearly recognized, a combination
of colors by which a person san recognize the boundaries more is used for caloring. For examgple, application of a R
{red) componsrt image to the gums and application of 2 G {green) component image to the teeth is shown,

{0451] Further, the component colors which are shown here not onaly inchude cnes which are defected from an imags,
bl gfso ones oblained by newly coloring while using colors which clarify the houndaries,

& 10452] Further, the combined image fornuing means combings the contour image which was obiained by the contour
extracting means and the image which was obtained by the color component irnage converting means and, for exampile,
fike the chirama ey fechnique, makes the paris of the contowy Image other than the contour part the s3ame colar syaiem
andd raakes the ookor compaonsnt image tansparsnt eie. for combination. Aernatively, after that combination, to further
enhance the oolor component imags, Mmeans may be employad to change the color of the gum pars or more deeply

2% ephance them o a red calor system and in changs the color of the issth or more deeply enhance theny to green sa that

the boundaries become mors differentialed visually to people or mechanically, Further, depeading on the color corapn-

nent, f converting the gum color 1o red and the tooth color 1o green. those color compoenent images may be converted

0. These means are preferably all reslized by computer soffwars, hut sometimes are comprised of gale armays and

PLD {Programmable Logic Devices) and other custom and semvicustom 1Gs.

{0453] Nexi, the embodiment which is shown in FIG. 2B will be explained. in the figure, reference riumerad 2301 i5 an

fmage inputting means. For example, Ris a means for inpulting a stiit image which was capiured by an infraorg! camera.

The siill inage which was inpul by the image inpulling means is oculpd to a filtering m2ans 2902, The filtering means

2802 s shown a¢ an unsharg fiter of oihar edge enhancement filtar, but in adaition semetimay a fiter whilch enbances

the contrast of the image may also be used.

& {0454] The image which is filtered by the filtering means 2802 is output o the contour sxiracling means 2803 and the
sampanamt color imaga converting means 2904, The conlour exiracting means 2203 is a comgprised of a 20 Fourter
ransform rmeans, a phase signal delecting means, and an inverse Fourder transform mieans, byl these means are far
example realized by sombining prograr modules in a software library such as the "open-CV" {made by intel).

{0455] Reference numerai 2004 is a component color image canveriing means. in the same way a3 explained atiove,

44 it ia comprizad of & means for forming an image which is converted to the a° componand eoloar or b* component colar of
the H component color, 8 camponent color, ar ¥V camponent color of the La*b® calor system ar the HSY color system
and @ componant color combining meang for combining these component colars. The colofs change, but an image with
clear shapas of the lesth and the gums & formed. Furthermore, the changes it the color sometimss aliow stalning of
teath and tooth savities to be found.

& [0458] The contour image which is oblained by the confour exiracling means 2902 and the images converfad ©
companet color images by the component enlor image converling means 2804 are outpit to the combined display
maeans 2808, The combined display maans 2905 combines the contour image which was output from the contour
exfranting means 2503 and the comporent color images which were outpul from the onraponert color image converting
means. This combination, fur axampde, makes pavts of the Inage other than the covdowrs the same oolor system, makes

& the system of color ransparent, and combines this with the component color image forming the background image. The

combined image is displayed on a computer moniforn

{04571 Somsatimes this saries of procassing for composition can give an image with a clsar boundary betwaen the

quma and lesth, Alternalively, the present erabodiment is sultably used when detecting the boundary KL of two teeth at

for axample the center as g general measure for when combining images {for example, image 908e and image 11020

where the mark ML bacomas the canter of the image in the left aad right rows of testh shown in FiG, 12, Allarnatively,

& cortour image which is obtained by detecting the phase signal by & Fourler fransform and the actus! image can be

combined as they are. Furlher, evan if using only component color images, images of clear shapes can be obiained, sa

aven with anly the images obtained by the component color nage detecting rmaans, an image with a clear boundary of

G
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the gums and teeth is oltained, Such &n image with g clegr boundary befween the teeth and the gums can be utilized
as mark for various bvpes of combining operations or may be used for explanations to the patient and for dental treatment.

industriai Applicability

{0458] The gresentinvention provides a dental system which promote intracral health in dental diagnosis and reatment
by providing = patient with intracrat information in & readily understandable format and thereby enabling patient infracral
information {o be rafreshed. | is effectively utitized in the fiald of dental medicine,

4 Refarence Notations List
{04531

11 iniracral image inputting means
ke 12 diagnosis and treatment portion detecting means
13 undt image forming means
14 clagrosie and treatment order setiing means
18 diagrosis explanstion farming means
18 display and culpul means
& 1¥ recording maans

Cladims

2% 4, An intraoral video camera and display system which is provided with a continunusly caplured image segquence
forming means for continucusly capturing side surfaces of rows of teeth to form an image sequence, a side surface
fogth row image forming means for combining sequences of images which were formed by the continuously captured
frage sequence farming means as gartial tooth row images from an image forming the center of the overalf composite
$0 as to form a plurality of partial {eoth row images, and a side surface toolh row image combining msans for linking
and combining & plurality of parlist toothrow images which were formed by the side surface tooth row image forming
means based on images forming the centers of the overall composite so as o form overall rows of teeth,

G
L=

2. The inracrai video camera and display system as set forih in olaim 1, further provided with
a mark seiting means for setling 8 mark which is recognizable an the captured imags at # predetermined position
33 an rows of teeth,
a continpously capturad imege sagueance forming means for farming continuously caphured image sequences far
one side suface and another side surface of the rows of testh,
# side swrface tooth row image forming means for combining the continuously cantured image sequence of said
one side swrface and the coatinuously captured image sequence of said other side surface fram imanges with marks
44 al the predeterniined positions s0 a8 o form one side swrface tooth row image and another side surface {ooth row
image, and
2 side surface tooth row inage combining means for linking and combining said one side surfacs tooth row image
and said other side surfase tooth row image based on characterizing portions on the mws of teath in stilf images
where said marks are at ihe predetarmined pasitions,
L]

3. The intraoral video camera and display svstem as setforth in olaim 1, further having X-ray image display means for
displaying Xray imuages of testh corresponding to said side surface toath row Images and a virtual tooth row display
means for disphaying rows of teeth obiained by virtually camrecting or virtuslly beaulifying and caloring teeth coree-
spornding o sald side surface tooth row images.

50

4. The inlracral video namera and display system 2z set forth in claim 1, comprising 2 toath row display mesns for
displaying a tooth row image which is oblainad by said side tooth row image combining means, a unit image forming
means for forming an image of the oral oavity for sach unit of diagnosis and treabment or care, 3 selling means for
satting diagnosis and treatment and care order informatian for images formad by unit image formation by said unit
image forming maeans, a display means for displaying images, with said diagnesis and treatment and care order
information aftsched, based on said disgnosis and reatment and care ordey information 50 as 10 be adls fo be
displayer in g list form, and a display medium which displays and records display information which is nitained by
said dispiay meansg,
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5. The intraoral video camera and display system as get forth in claim 1, further provided with a smail sized portable
data pracessing ieyminal which has an input part enabling input and adjustment of data relating to the dental practics,
& communicating means which can communicate dala with an external data processing terminal and = server which
manages work atendance or dental diaghosis and treatment, and a display means for displaying & toath row image
& cambined by said side swizce toath mw image combining means and said dala relating o the dental practice.

8. The intraoral video camera and digpiay system as set forth in claim 1, further having a deatal treatment explanatory
data forming means for storing, v 3 sforage means, subdivided moving image data which is formed as moving
images which have tesn prepared in advance and subdivide dental reatmant and selecting and linking and con-

0 necting said subdivided moving image data from said slorage means g0 as o form dita for explsining denial
treatment and display i by said display means.

7. Theintractal viden camera and display system as set forth in clalm 1, further having a handheld typs camera means

which capiures an image of said oral cavity and a sighling means which is provided al sald camera means ang
ke gmits a sighling beam which indicates an image capture portin.
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Fig.3A
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EP 2684 272 Al

REFERERCES CITED IN THE DESCRIPTION

This list of references oted by the applicant is for the reader's convenience only. if does ot form part of the Europesn
patent document. Even though grest care has been faken in conmpiling the references, errars or omissions cannot be

excluded and the ERPO disclaims sff iebility fn this ragard.

Patent documents cited in the description

3P 10007404 A [DOOK]
JP 2005334426 A [0008]
P 10097405 A {0606}
JP 10201757 A [0006]
JB 2001242161 A [0006)
3P 2005144174 A [0006]
JP 82246347 A {0006}
JF 2001029315 A [0008]

Non-patent literature cited in the description

*

ZHANG, IEEE Transactions on Patlerti Analysis and
Machine ftaffigence, 2000, vol. 22 {11), 1336-1334
{0148

MOTOKI ARAI ot al. Cptirnization of Carvelation
Funciions and Subpixei Designation Fonmula in Black
Maiching of imagas, Research Reparts of Informa-
fion Pceasing Soclety of Japan, 2004, 33-40 {1198}

71

P 2002355262 A [0006]
JP 205304600 A [0068]

JP BO30402 U [0006]

JP 3131408 U [0006] {0010}
US 5752827 A [0006]

P 2009546555 A [0006]

JP 5130991 A [0006]

WO 2007083980 A [0194]

Journal of the IEICE, 2008, vol. 92 {6), 483-488
{0203}

Dental Materials and Equipment, 2000, vol, 18 (3},
333338 [d204)

Dasign Weve Magazine, Decernber 2068, 113-115
{0285]
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Electronic Acknowledgement Receipt

EFS ID: 39288270
Application Number: 16526281
International Application Number:
Confirmation Number: 9657

Title of Invention:

SYSTEM WITH 3D USER INTERFACE INTEGRATION

First Named Inventor/Applicant Name:

Henrik OJELUND

Customer Number:

21839

Filer:

Travis Dean Boone/Snjezana Gvozderac

Filer Authorized By:

Travis Dean Boone

Attorney Docket Number: 0079124-000266
Receipt Date: 28-APR-2020
Filing Date: 30-JUL-2019
Time Stamp: 14:46:55

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
1034860
1 Information Disclosure Statement (IDS) PTO_SB_08.pdf no 4

Form (SB08)

612cd63207594€7f48d5304e905040c8701
844e6
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Information:

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

16545270
2 Foreign Reference F1_EP2664272A1.pdf no 71
ce1762359017bc20b29b163e521bd 1ff35d
Warnings:
Information:
Total Files Size (in bytes){ 17580130

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
21839 7590 05/11/2020
BUCHANAN, INGERSOLL & ROONEY PC KE, PENG
POST OFFICE BOX 1404
ALEXANDRIA, VA 22313-1404 | ART UNIT PAPER NUMBER |
3992
DATE MAILED: 05/11/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/526,281 07/30/2019 Henrik OJELUND 0079124-000266 9657

TITLE OF INVENTION: SYSTEM WITH 3D USER INTERFACE INTEGRATION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/11/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

21839 7590 05/11/2020 Certificate of Mailing or Transmission
BUCHAN AN, INGERSOLL & ROONEY PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
POST OFFICE BOX 1404 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
ALEXANDRIA, VA 22313-1404 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)|

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/526,281 07/30/2019 Henrik OJELUND 0079124-000266 9657

TITLE OF INVENTION: SYSTEM WITH 3D USER INTERFACE INTEGRATION

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/11/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KE, PENG 3992 345-156000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

O W " e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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o UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
16/526,281 07/30/2019 Henrik OJELUND 0079124-000266 9657
21839 7590 05/11/2020 | EXAMINER |
BUCHANAN, INGERSOLL & ROONEY PC KE, PENG
POST OFFICE BOX 1404
ALEXANDRIA, VA 22313-1404 | ART UNIT PAPER NUMBER |

3992

DATE MAILED: 05/11/2020

Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b)

A reissue patent is for "the unexpired part of the term of the original patent.” See 35 U.S.C. 251. Accordingly, the above-
identified reissue application is not eligible for Patent Term Extension or Adjustment under 35 U.S.C. 154(b).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potentiaEr)i‘ ai' Ii f)ff%(i rfﬁl‘ﬂgatei0§69 of 1005
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Application No. Applicant(s)
) » 16/526,281 OJELUND et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
PENG KE 3992 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 10/28/19.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.} The allowed claim(s) is/are 1-3 and 5-44 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) WAl b) (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. ¥ Certified copies of the priority documents have been received in Application No. 13/991,513 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.4} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥ Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/28/20, 10/28/19 and 2/13/20.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material .
4.0 Interview Summary (PTO-413),

Paper No./Mail Date.
/PENG KE/

Primary Examiner, Art Unit 3992

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No/Mail Date 20200421
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Application/Control Number: 16/526,281 Page 2
Art Unit: 3992

Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AIA first to invent provisions.
Detail Action
2. For reissue applications filed before September 16, 2012, all references to 35 U.S.C. 251
and 37 CFR 1.172, 1.175, and 3.73 are to the law and rules in effect on September 15, 2012.
Where specifically designated, these are “pre-AIA” provisions.
3. For reissue applications filed on or after September 16, 2012, all references to 35 U.S.C.
251 and 37 CFR 1.172, 1.175, and 3.73 are to the current provisions.
4. The application 16/526,281 is a reissue of 9,329,675 patent, which was filed as the
application 13/991,513.
5. Claims 1-3, and 5-44 are pending. The preliminary amendment filed on 10/28/19, claims
1-3, and 5-13 were amended, claims 20-44 are added; and claim 4 is cancelled.
Information Disclosure Statement
6. The information disclosure statement (IDS) submitted on 10/28/19 and 2/13/20 are in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure

statement is being considered by the examiner to the extend explained in the IDS.

Priority
7. Acknowledgment is made of applicant’s claim for foreign priority under 35 U.S.C. 119
(a)-(d). The certified copy has been filed in parent Application No. 13/991,513, filed on 5/4/19.
Allowable Subject Matter
8. Claims 1-3, and 5-44 are allowed.

0. The following is an examiner’s statement of reasons for allowance:

Exhibit 1002 page 971 of 1005
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Application/Control Number: 16/526,281 Page 3
Art Unit: 3992

10. Kopelman US 2013/0110469, teaches modifying a virtual model of physical structure
with additional 3D data obtained from the physical structure to provide a modified virtual model.
11. Dillon US 2012/0062557 teaches generating and displaying intra-oral measurement data.
12.  Cinader, Jr US 2007/0031774, teaches registering a three-dimensional coordinate system
of a physical model of a patient’s tooth structure to a 3D coordinate system of a virtual model of
the same tooth structure.

13. The prior arts fail to teach individually or in combination : “a handheld device including
an optical scanner, wherein the 3D environment to be scanned is selected by pointing the optical
scanner at the 3D environment; and at least one display remotely connected to the handheld
device, wherein the handheld device is adapted for performing at least one scanning action in a
physical 3D environment, and the at least one display is adopted for visually representing the
physical 3D environment; and the handheld device includes a user interface for remotely
controlling the display to adjust the view with which the 3D environment is represented on the

display.”

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Contact Information
14. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to PENG KE whose telephone number is (571)272-4062. The

examiner can normally be reached on M-F 6:30-5:00.
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Application/Control Number: 16/526,281 Page 4
Art Unit: 3992

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Alexander Kosowski can be reached on 5712723744. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
PENG . KE
Examiner
Art Unit 3992
/PENG KE/
Primary Examiner, Art Unit 3992
Conferees:
/RSD/
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Application/Control Number: 16/526,281 Page 5
Art Unit: 3992

/ALEXANDER J KOSOWSKY/
Supervisory Patent Examiner, Art Unit 3992
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Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
16/526,281 Reexamination
OJELUND et al.
Examiner Art Unit
PENG KE 3992 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzogsgimnr:lbi':jsﬁg Gode MMD- ?}\e(YY Name CPC Classification US Classification
* [ A | US-20130110469-A1 05-2013 Kopelman; Avi GO06F30/00 703/1
* | B | US-20120062557-A1 03-2012 Dillon; Robert F. A61C7/002 345/419
* [ C | US-20070031774-A1 02-2007 Cinader; David K. JR. AB1C9/0053 433/24

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* Countzoé:Sdme-el\T:rrll\lbL;TEiiL Code MI\/ID- $$YY Country Name CPC Classification

N

(6]

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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Index of Claims

Application/Control No.

16/526,281

Applicant(s)/Patent Under Reexamination

OJELUND et al.

Examiner

PENG KE

Art Unit

3992

v Rejected -

Cancelled

Non-Elected

A Appeal

= Allowed =

Restricted

Interference

O | Objected

CLAIMS

[J Claims renumbered in the same order as presented by applicant

O cpPA

O T.D. 0O RrR.1.47

CLAIM

DATE

Final Original | 04/27/2020

N
N
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Application/Control No. Applicant(s)/Patent Under Reexamination
Index of Claims 16/526.281 SJELUND et al.
H“m“ ‘ H‘ ““m ‘Hl ““ o s
PENG KE 3992
CLAIM DATE
Final Original | 04/27/2020
43 =
44 =
U.S. Patent and Trademark Office Part of Paper No.: 20200421
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 16/526,281 OJELUND et al.
H“m“m “W“ ‘ “H“‘ . o
PENG KE 3992
CPC - Searched*
Symbol Date Examiner
A61B5/0088; A61C9/004; G01B11/24; GO6F3/002; GO6F3/01; 04/27/2020 PK
GO06F3/011; GO6F3/017; GO6F3/0346; GO6F3/04815
CPC Combination Sets - Searched*
Symbol Date Examiner
East Text search 04/27/2020 PK
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes
Search Notes Date Examiner
Litigation Search 04/27/2020 PK
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

East Text Search 04/27/2020 PK

U.S. Patent and Trademark Office

Page 1 of 1
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s26 281 SIELUND et al.
H “ ““H Examiner Art Unit
PENG KE 3992

CPC

Symbol Type Version

GOBF 3 01 F 2013-01-01
A61B 5 0088 I 2013-01-04
A61C 9 004 | 2013-01-01

GO01B 11 24 | 2013-01=01

GO6F 3 002 | 2013-01-01

GO6F 3 011 | 2013-01-01

GO6F 3 017 | 2013-01=01

GO6F 3 0346 | 2013-01-01

GO6F 3 04815 I 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 43
/PENG KE/ 27 April 2020 . . _—
Primary Examiner, Art Unit 3992 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 16/526 281 SIELUND et al.

H “ ““H Examiner Art Unit
PENG KE 3992

INTERNATIONAL CLASSIFICATION
CLAIMED

GO6F3/01
AB61B5/00
AB1C9/00
G01B11/24
GO6F3/00
GO6F3/0346
GO6F3/0481

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 43
/PENG KE/ 27 April 2020 . . _—
Primary Examiner, Art Unit 3992 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No.: 20200421
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢s26 281 SIELUND et al.
H “ ““H Examiner Art Unit
PENG KE 3992

Claims renumbered in the same order as presented by applicant (J CPA (O T.D. O R.147
CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original|Final

Original|Final |Original|Final |Original

NONE

Total Claims Allowed:
(Assistant Examiner)

(Date) 43
/PENG KE/ 27 April 2020 . . _—
Primary Examiner, Art Unit 3992 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office

Part of Paper No.: 20200421

Page 3 of 3
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! Application No. Art Unit
United States Patent And Trademark pplication No rt Uni

Office 16/526,281 3992
Examiner AlA Status

Reissue Terminal Disclaimer

N PENG KE No
Review Form

The Maintenance fee status is:
& up to date

ot up to date

(Consult with SPRS)

Original Patent Number of
Patent to be Reissued is: 9,329,675

Is there a terminal disclaimer filed and accepted during the prosecution of (i) the current reissue application, (ii} the
underlying patent, and/or (iii) reexamination proceeding(s) of the underlying patent?

® NO
YES (Complete the rest of the form)

The reissue patent is subject to Terminal Disclaimer(s) that was/were:

J filed and accepted (DISQ or DISQ.E.FILE) during the prosecution of the current reissue application.
(Enter terminal disclaimer(s) filing date(s) below}).

The underlying patent of the current reissue application is subject to Terminal DIsclaimer(s)
that was/were:

[J accepted (DISQ or DISQ.E.FILE) and of record in the prosecution of the underlying patent and/or reexamination

procceeding(s) of the underlying patent. (Enter application/control no(s) and terminal disclaimer(s) filing date(s)
below}).

U.S. Patent and Trademark Office Last revised: 12/2016

Exhibit 1002 page 982 of 1005

0982 DENTAL IMAGING



Bibliographic Data

Application No: 16/526 ,28 1
Foreign Priority claimed: @ Yes O No
35 USC 119 (a-d) conditions met: Yes D No D Met After Allowance
Verified and Acknowledged: |/PENG KE/ |l
Examiner's Signature Initials
Title: |SYSTEM WITH 3D USER INTERFACE INTEGRATION
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
07/30/2019 345 3992
RULE
APPLICANTS

3Shape A/S, Copenhagen K, DENMARK
INVENTORS

Henrik OJELUND Lyngby, DENMARK

David FISCHER Stenlgse, DENMARK

Karl-Josef HOLLENBECK Kgbenhavn @, DENMARK
CONTINUING DATA

This application is a REI of 13991513 06/04/2013 PAT 9329675

13991513 is a 371 of PCT/DK2011/050461 12/05/2011
PCT/DK2011/050461 has PRO of 61420138 12/06/2010
FOREIGN APPLICATIONS
DENMARK PA 2010 01104 12/06/2010
IF REQUIRED, FOREIGN LICENSE GRANTED*#*
08/14/2019
STATE OR COUNTRY
DENMARK
ADDRESS

FILING FEE RECEIVED
$4,960
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.K/

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 16526281
Filing Date P019-07-30
First Named Inventor ‘ Henrik OJELUND et al.
Art Unit | 3092

Examiner Name ‘ Peng KE

Attorney Docket Number |0079124—000265

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 5361489 B1 P002-03-26 ory Tsai

If you wish to add additional U.S. Patent citation information please click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document .
Figures Appear
1 0070078340 A1l PO07-04-05 tephen D. Wilcox et al.
2 20100231509 A1 P010-09-16 arc Ballot et al.
3 20080063998 A1 P008-03-13 ongguang Liang et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code4| Date PR Passages or Relevant

Document .

Figures Appear
IMENSIONAL
1 P011/011193 WO A1l 2011-01-27 HOTONICS

NTERNATIONAL, INC.
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ALL REFERENCES CONSIDERED EXCEPRPT WHERE LINED THROUGH. /P.K/

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 16526281
Filing Date 2019-07-30
First Named Inventor l Henrik OJELUND et al.
Art Unit | 3992
Examiner Name ‘ Peng KE

Attorney Docket Number ‘ 0079124-000266

2 P012/076013

WO

A1 2012-06-14 |BSHAPE A/S

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS

Remove

Examiner| Cite
Initials* | No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature

/PENG RE/

Date Considered ‘

Q47277200

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17
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Application Number 16526281

Filing Date 2019-07-30

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Henrik OJELUND et al.
Art Unit ‘ 3902

Examiner Name ‘ Peng KE

Attorney Docket Number ‘ 0079124-000266

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Stephany G. Small/ Date (YYYY-MM-DD) 2020-02-13
Name/Print Stephany G. Small Registration Number b9,532

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17

Exhibit 1002 page 986 of 1005

0986 DENTAL IMAGING



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.K/
Doc code: IDS PTO/SB/08a (02-18)

o ) . ' Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 16526281
Filing Date P019-07-30

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Henrik Ojelund

Art Unit | 3092

Examiner Name ‘ KE, PENG

Attorney Docket Number | 0079124-000266

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(gm*lner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite No Publication Kind | Publication Name of Patentee or Applicant
Initial* Number Codel| Date of cited Document

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Apolicant of cited where Relevant T
Initial* No | Number3 Code?| Code4| Date Dggument Passages or Relevant
Figures Appear
/e.R/ 1 664272 EP A1l 2013-11-20 ADVANCE KK

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite s - . )
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No - - .
publisher, city and/or country where published.
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.K/

Application Number 16526281
Filing Date 2019-07-30

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Henrik Ojelund

Art Unit | 3992

Examiner Name ‘ KE, PENG

Attorney Docket Number ‘0079124-000266

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /PENG KE/ Date Considered ‘ 05/01/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQO Standard ST.16 if possible. 5 Applicant is to place a check mark here if]
English language translation is attached.

EFS Web 2.1.18
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Application Number 16526281

Filing Date 2019-07-30

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Henrik Ojelund
Art Unit ‘ 3992
Examiner Name ‘ KE, PENG

Attorney Docket Number ‘ 0079124-000266

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

v A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [Travis D. Boonef Date (YYYY-MM-DD) 2020-04-28
Name/Print Travis D. Boone Registration Number |52,635

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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ALY REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.X/

Substitute for form F1O/SBIE8s and 1 O/SE/08b Complete if Known
FIRST Application Number 16/526,281
INFORMATION DISCLOSURE Filing Date July 30, 2019
STATEMENT BY APPLICANT First Named Inventor Henrik OJELUND
{use as many sheets as necessary) Examiner Name Peng KE
Sheet | 1 |of] 4 Attorney Docket Number  [0079124-000266
U.8. PATENTS
Examiner| Hem Patent Kind Code MName of Palentee or Applicant issue Date
initials No. Mumber {if known} of Cited Document MM-DD-YYYY)
Oijelund et al. (IPR2018-00197, Ex. 1001)
1. 18,3298675 B2 (IPR2018-00198, Ex. 1001) 05-03-2016
Brennan ef al. {IPR2018-001%7, Ex. 1007}
2. 8,903,748 B2 {IPR2018-00198, Ex. 1007} 12-02-2014
Miller ef af. (IPR2018-00187, Ex. 1013)
3. |7,221,332 B2 (IPR2018-00188, Ex. 1013) 05-22-2007
Koch (IPR2018-00187, Ex. 1014}
4. 15,377,011 A (IPR2018-00188, Ex. 1014} 12-27-1984
Boppart ef al (IPR2018-00197, Ex. 1015)
5. 16,485,413 B1 (IPR2018-00198, Ex. 1015) 11-26-2002
Marinaccio ef al.  (IPR2018-00197, Ex. 1020)
8. {5131,844 A {IPR2018-00198, Ex. 1020} 07-21-1992
Durbin ef all (IPR2018-00187, Ex. 1021}
7. 18,592,371 B2 (IPR2018-00188, Ex. 1021) 07-15-2003
Piugrath ef al. (IPR2018-00197, BEx. 1024)
8. |5,722412 A (IPR2018-00188, Ex. 1024} 03-03-1288
Nguven-Dinh ef &/ (IPR2018-00187, Ex. 1025)
9. 16,645,148 B2 (IPR2018-00198, Ex. 1025) 11-11-2003
Glynn {(IPR2018-00187, Ex. 1027}
10.15,181,181 A {IPR2018-00198, Ex. 1027} 01-18-1983
Chishti ef al. (IPR2018-001987, Ex. 1030}
11.16,227,850 B1 (IPR2018-00188, Ex. 1030} 05-08-2001
Baar ef al, (IPR2018-00197, Ex. 1032)
12.17,213,214 B2 (IPR20138-00198, Ex. 1032} 05-01-2007
Kim ef al. (IPR2018-00197, Ex. 1034)
13.17,551,353 B2 (IPR2018-00198, Ex. 1034) 06-23-2008
14,17, 813,581 B2 Paley ef al. {(IPR2018-00198, Ex. 2001) 10-12-2010
15.{7,141,020 B2 FPoland ef a/. 11-28-2006
16.16,967,644 B1 Kobayashi 11-22-2005
17.17,831,282 B2 Quaid ef al. 11-09-2010
18.18,035 637 B2 Kriveshko 10-11-2011
19.18,384 665 = Powers ef al. 02-26-2013
20.16,135,861 A Piiugrath ef al. 10-24-2000
U.S. PATENT APPLICATION PUBLICATIONS
Examiner| Hem Bocument Kind Code MName of Patentee or Applicant Fublication Bale
initials No. MNumber {if known) of Cited Document {(MM-DD-YYYY)
Kriveshko {(IPR2018-00197, Ex. 1005}
21.12007/0171220 At (IPR2018-00198, Ex. 1008) 07-26-2007
Serra ef al. {(iIPR2018-00197, Ex. 1006}
22.{2006/0020204 At {IPR2018-00198, Ex. 1006} 01-26-2006
Kopeiman etal (IPR2018-00197, Ex. 1008)
23.12006/0212260 At (IPR2018-00198, Ex. 1008) 08-21-2006
Signature /PENG K&/ Considered 04/27/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with M.P.E.P. § 609, Draw line through citation if not in
conformance and not considerad. Include copy of this form with nexd communication to Applicant.
Form Lettersi

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.K/
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /P.XK/

Substitute for form PTO/SBIGEE and PTO/SB/C8L Cﬁmﬁiﬁie if Known
FIRST Application Number 16/526,281
INFORMATION DISCLOSURE Filing Date July 30, 2019
STATEMENT BY APPLICANT First Named Inventor Henrik QJELUND
{use as many sheets as necessary) Examiner Name Peng KE
Sheet | 2 |of] 4 Attorney Docket Number  [0079124-000266

Paley ef al. (IPR2018-00197, Ex. 1009)

24 12007/0172112 At {IPR2018-00188, Ex. 1009 07-26-2007
Boudier {(IPR2018-00197, Ex. 1010)

25.12012/0179035 At {IPR2018-00198, Ex. 1010) 07-12-2012
Kerr of al. {(IPR2018-00197, Ex. 1011}

28.12009/0322676 Al {(IPR2018-00198, Ex. 1011} 12-31-2009
Knighion ef al. (IPR2018-00187, Ex. 1026}

27.12005/0237581 Al (IPR2018-00198, Ex. 1026) 10-27-2005
Touma ef al. (IPR2018-00197, Ex. 1028)

28.12006/0082133 Al (IPR2018-00198, Ex. 1028) 05-04-2006
Wen ef al. (PR2018-00187, Ex. 1031)

29.12010/0009308 Al {(IPR2018-00198, Ex. 1031) 01-14-2010
Deichmann ef al.  (IPR2018-00197, Ex. 1033)

30.12003/0164952 Al {(IPR2018-00198, Ex. 1033) 09-04-2003
Xu et al. (iIPR2018-00187, Ex. 2001}

31.12009/0040175 Al (IPR2018-00198, Ex. 2003} 02-12-20098

32.12009/0217207 Al Kagermeier ef al. 08-27-2009

33.12003/0158482 At Poland &f al. 08-21-2003

34.12000/0061381 Al Durbin ef al. 03-05-2009

35, 12006/0146008 Al Syrbe ef al, 07-06-2006

38.12004/0204787 Al Kopelman ef g/, 10-14-2004

37.12005/0057745 Al Bontje 03-17-2005

38.12006/0025684 Al Quistgaard ef al, 02-02-2006

38.12014/0022352 Al Fisker ef af (IPR2018-00197, Ex. 1039) 01-23-2014

FOREIGN PATENT DOCUMENTS

s N Fublication . : " .
ET::?:?SEF Ef\?;n Country Code®, Number, Kind Code Date Ndme;fg;a;;a%;ig;égf licant
) MM-DD-YYYY)
40. 1 WO 2010/064156 A1 (IPR2018-00197, BEx. 1012)
{(IPR2018-00198, Ex. 1012) | 06-10-2010 Poland ef al.
41. ] EP 2200332 A1 (IPR2018-00187 Ex. 1019)
{(IPR2018-00198, Ex. 1019) | 06-23-2010 Thominet
42. 1 WO 00/08415 At {IPR2018-00198, Ex. 1037) { 02-17-2000 Babayoff ef al.
43. | WO 2010/145889 A1 12-23-2010 38Shape A/S ef al.
441 WO 2011/120526 At 10-06-2011 3Shape A/S ef al.
45. 1 WO 2004/066615 A1 08-05-2004 Nokia Corporation
46. | ON 101513350 A with English Abstract 08-26-2009 Siemans AG
47,1 WO 2009/088126 Al 07-16-2008 1 3M Innovative Properties Company
48 | WO 2001/011193 Ad 01-27-2011 Dimensional Phuiinofmcs international,
49, | WO 2007/084727 At 07-26-2007 | 3M Innovative Properties Company
50. | WO 2013/010910 A1 (IPR2018-00197, Ex. 1040) 1 01-24-2013 3Shape A/S ef al,
NON-PATENT LITERATURE DOCUMENTS
Examiner| Hem Inciude name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item {(book, magazine,
initials No. | journal, serial, symposium, catalog, eic.), date, page{s), volume-issue number(s), publisher, city and/or country where published.
Exarniner Date
Signature /PENG RE/ Considered 04/27/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with M.P.E.P. § 609, Draw line through citation if not in
conformance and not considerad. Include copy of this form with nexd communication to Applicant.
Form Lettersi

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROQUGH. /P.R/
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ALY REFERENCES CONSIDERED EXCEFT WHERE LINED THROUGH. /P.XK/

Substitute for form PTO/SBIGEE and PTO/SB/C8L Cﬁmﬁiﬁie if Known
FIRST Application Number 16/526,281
INFORMATION DISCLOSURE Fiting Date July 30, 2019
STATEMENT BY APPLICANT First Named Inventor Henrik OJELUND
{use as many sheets as necessary) Examiner Name Peng KE
Sheet | 3 |of] 4 Attorney Docket Number  |0079124-000266

51, |Petition for inter Partes Review of U.S. Patent 9,329,675, filed November 22, 2017 in iPR2018-00197.

52. |Patent Owner's Preliminary Response to the Petition for Inter Partes Review of U.S. Patent No.
9,329,675, filed March 3, 2018 in IPR2018-00197.

53. linstitution Decision entered May 30, 2018 in IPR20198-00197.

54, |Patent Owner's Raesponse 1o the Peilition for Inter Partes Review of U.S. Patent No. 8,329,675, filed
August 20, 2018 in IPR2018-00187.

55. {Petitioner's Reply 1o Paient Owner’s Response, filed November 14, 2018, in IPR2018-006197.

56. {Petitioner’s Demonstratives filed January 31, 2018, in IPR2018-00197.

57.|Patent Owner’s Submission of Demonstratives for Oral Argument filed January 31, 2019, in IPR2018-
00197.

58. |Petition for inter Partes Review of U.S. Patent No. 8,329,675, filed November 22, 2017 in IPR2018-
00198,

59. {Patent Owner's Preliminary Response to the Petition for Inter Partes Review of U.S. Patent No.
9,329,875, filed March 3, 2018 in IPR2018-00198.

80. {Decision Denying Institution eniered May 30, 2018 in IPR20198-00198.

61. |Petitioner's Request for Rehearing of Institution Decision, filed June 29, 2018 in IPR20188-00188.

62. |Decision Denying Petitioner's Request for Rehearing, entered December 4, 2018 in iIPR20198-00188.

63. {U.8. Patent No. 8,329,675 File History (IPR2018-00197, Ex. 1002) (IPR2018-00198, Ex. 1002)

64. {Declaration of Dr. Chandraijit L. Bajaj (IPR2018-00197, Ex. 1003)

65, |Declaration of Dr. Chandrajit L. Bajaj (IPR2018-00198, Ex. 1003)

86. (Dr. Chandrajit L. Bajaj Curriculum Vitag (IPR2018-00187, Ex. 1004) ({IPR2018-00198, Ex. 1004)

87. {Karatas ef al., “Three-dimensional imaging techniques: A literature review,” European Journal of
Dentistry , Vol. 8, Issue 1, 2014; pp. 132-140. (IPR2018-001987, Ex. 1018) (IFR2018-00198, Ex. 1018)

68. |Broadbent H.B., "A New X-Ray Technigue and its Application to Orthodontia,” The Angle Orthodontist,
Vol. I, No. 2, February 4, 1931; pp. 45-66. (IPR2018-00197, Ex. 1017) (IPR2018-00198, Ex. 1017)

89. |Birnbaum ef al., “Dental impressions Using 3D Digital Scanners: Virtual Becomes Reality,” (i(PR2018-
00197, Ex. 1018) (IPR2018-00198, Ex. 1018)

70. {ireland of al., 3D surface imaging in dentistry what we are looking at,” British Dental Journal, Vol. 205,
No. 7, Ccotober 11, 2008; pp. 387-392. (IPR2018-00197, Ex. 1022) (IPR2018-00198, Ex. 1022)

71. (Hajeer ef a/., “Current Products and Practices Applications of 3D imaging in orthodontics: Part i)
Journal of Orthodontics, Vol. 31, 2004; pp. 154-182. (IPR2018-00187, Ex. 1023} (IFR2018-00198, Ex.
1023)

72.|Bornik ef al., "A Hybrid User Interface for Manipulation of Volumetric Medical Data,” 3D User Interfaces,
20086; 8 pages. ((PR2018-00197, Ex. 1029) (IPR2018-00198, Ex._ 1029)

73, |Giammanco, gt. al., “Using 3D Laser Scanning Technology to Create Digital Models of Hailstones,”
American Meteorological Society, July 2017, pp. 1341-1347. (IPR2018-001987, Ex. 1036) (IPR2018-
00198, Ex. 1036)

74.1D. A. Bowman et al., “Theory and Practice” 3D User Interfaces, 4.96-101, July 2004, (iPR2018-00197,
Ex. 1038)

75, [EPO Prosecution History of European Patent Application No. 118475821, filed June 18, 2013,
(IPR2018-00198, Ex. 1038}

76.|Yoshida, Hiroshi ef af, “Intracral Ultrasonic Scanning as a Diagnostic Aid,” J. CRANIO-MAX.-FAC.
SURG. 15 (19873, pp. 306-311. (IPR2018-00197, Ex 2002} (IPR2018-00193, Ex_2004)

77. {Moran, Carmel M ef &/, “"A Comparison of the Imaging Performance of High Resolution Ultrasound
Scanners for Preclinical imaging,” ULTRASQUND IN MED. & BIOL., Vol. 37, No. 3 (2011), pp. 483-501.
(IPR2018-00187, Ex. 2003) (IPR2018-00198, Ex._ 2005}

Exarminer Date
Signature /PENG KE/ Considered 04/27/2020

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with M.P.E.P. § 609, Draw line through citation if not in
conformance and not considerad. Include copy of this form with nexd communication to Applicant.

Form Lettersi

Exhibit 1002 page 997 of 1005
0997 DENTAL IMAGING



ALY REFERENCES CONSIDERED EXCEFT WHERE LINED THROUGH. /P.X/

Substitute for form PTO/SBIGEE and PTO/SB/C8L Cﬁmﬁiﬁie if Known
FIRST Application Number 16/526,281
INFORMATION DISCLOSURE Fiting Date July 30, 2019
STATEMENT BY APPLICANT First Named Inventor Henrik OJELUND
{use as many sheets as necessary) Examiner Name Peng KE
Sheet | 4 |of] 4 Attorney Docket Number  |0079124-000266

78.|Ahn, Jae Sung, ef al., "Development of Three-Dimensional Dental Scanning Apparatus Using
Structured Hlumination,” Sensors, 17, 1634 (2017), ¢ pages. (IPR2018-00197, Ex. 2004) (IPR2018-
00198, Ex. 2002)

79.{UL.S. Patent Application Serial No. 10/744,869. (IPR2018-00197, Ex. 2005)

80.18.C. Chua ef g/., “SonoDEX: 3D space management and visualization of ulirasound data,”
INTERNATIONAL CONGRESS SERIES 1281:143-148 (2005). (IPR2018-00187, Ex. 2008)

81. |Deposition Transcript of Chandraijit Bajaj, Ph.D. on July 25, 2018 with Errata Sheet. (IPR2018-00197,
Ex. 2008)

82.1J. Mackinlay ef al,, "A Semantic Analysis of the Design Space of Input Devices,” HUMAN-COMPUTER
INTERACTION 5:145-130 (1990). (IPR2018-00197, Ex. 2009)

83, "Taxonomies of Inputl” in DEVELOPING A TAXONOMY OF INPUT 4.1-4.16 (Jan. 4, 2009) available at
hitps/ivww billbuxton.com/inputl4. Taxonomies.pdf. (IPR2018-00197, Ex. 2010)

84. | Declaration of Ravin Balakrishnan, Ph.D. (IPR2018-00187, Ex. 2011)

85. | Curriculum Vitae of Ravin Balakrishnan, Ph.D. (IPR2018-00197, Ex. 2012)

86.{D. Bowman, ef al,, 3D User Interfaces Theory and Practice § 4.1.1 "Input Device Characteristics” pp 88-
89; § 4.2.2 "2D Mice and Trackbails” pp 91-92; § 4.8.2 “Input Device Taxonomies” pp 128-132 (2005).
(IPR2018-00197, Ex. 2013

87.1d. Jerald, The VR Book: Human-Centered Design for Virtual Reality § 27.1.3 (2016). (IPR2018-00197,
Ex. 2014)

88. linternational Search Report (PCT/ASA/210) issued on February 22, 2012 in International Application No.
PCT/DK2011/050461.

89.|C. Graeizsal, ef al, A Non-Contact Mouse for Surgeon-Compuler Interaction, Technology and Helath
Care, 12(3):1-19, 2004,

80.{3. Voot ef al, An AR System With Intuitive User interface For Manipulation And Visualization of 3D
Medical Data, Stud. Health Technol. Inform., Medicine Meets Virtual Realily, 12(88):397-403, 2004,

91.{Xia ef al., Three-Dimensional Virtual Reality, IEEE Transactions on Information Technology in
Biomedicine, 5(2):87-107, Juns 2001.

92. [First Office Action issued April 3, 2015 in corresponding Chinese Patent Application No.
201180068856.6 (13 pages).

33. | Second Office Acton issued in corresponding Chinese Palent Application No. 201180066956.6 dated
November 18, 2015, with English translation (27 pages).

84. |Deposition Transcripl of Dr. Ravin Balakrishnan.

95. |Record of Oral Hearing held February 4, 2018 from {PR2018-00187

96. |Final Writien Decision, entered May 29, 2019- Termination Decision Document from [PR2018-00197
[Paper 22}

Exarminer Date
Signature /PENG KE/ Considered 04/27/2020
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with M.P.E.P. § 609, Draw line through citation if not in
conformance and not considerad. Include copy of this form with nexd communication to Applicant.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

21839 7590 05/11/2020 Certificate of Mailing or Transmission
BUCHAN AN, INGERSOLL & ROONEY PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
POST OFFICE BOX 1404 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
ALEXANDRIA, VA 22313-1404 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

[ appicationno. | FILING DATE | FIRST NAMED INVENTOR | arrorney pockerNo. [ conrrvaTIONNO. |

16/526,281 07/30/2019 Henrik OJELUND 0079124-000266 9657
TITLE OF INVENTION: SYSTEM WITH 3D USER INTERFACE INTEGRATION
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/11/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KE, PENG 3992 345-156000
éFCRhelm3g663of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
-363). (() lr)agggtgaggsatl)tfe 1l‘lnpa ttl(z/ 31 ;f:glstered patent attorneys {BUCHANAN INGERSOLL

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member a 2& ROONEY P.C.

registered attorney or agent) and the names of up to

O W " e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
3SHAPE A/S Copenhagen K, Denmark

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Xl Corporation or other private group entity [ Government

4a. Fees submitted: Rlissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

Xl Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)
X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 02-4800

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature [Travis D. Boone/ Date 11 August 2020
Typed or printed name Travis D. Boone Registration No. 52,635
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 16526281

Filing Date: 30-Jul-2019

Title of Invention: SYSTEM WITH 3D USER INTERFACE INTEGRATION
First Named Inventor/Applicant Name: Henrik OJELUND

Filer: Travis Dean Boone/Denise Miles

Attorney Docket Number: 0079124-000266

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

REISSUE ISSUE FEE 1511 1 1000 1000
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Description Fee Code Quantity Amount SulLJ’-S'I'g(t;)I in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 40248234
Application Number: 16526281
International Application Number:
Confirmation Number: 9657

Title of Invention:

SYSTEM WITH 3D USER INTERFACE INTEGRATION

First Named Inventor/Applicant Name:

Henrik OJELUND

Customer Number:

21839

Filer:

Travis Dean Boone/Denise Miles

Filer Authorized By:

Travis Dean Boone

Attorney Docket Number: 0079124-000266
Receipt Date: 11-AUG-2020
Filing Date: 30-JUL-2019
Time Stamp: 11:38:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1000

RAM confirmation Number E20208AB38250936

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
1230594
Issue_Fee_Transmittal_-
1 Issue Fee Payment (PTO-85B) iy " no 1
_AS_FIIEd_081 1 2020 pdf ab35712de38e08ff33263a028ff079189a43
c50e
Warnings:
Information:
30363
2 Fee Worksheet (SB06) fee-info.pdf no 2
59398c81d384ad285a7ald2bdc13d4832b
65599d
Warnings:
Information:
Total Files Size (in bytes){ 1260957

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/526,281 09/22/2020 REA8221 0079124-000266 9657
21839 7590 09/02/2020

BUCHANAN, INGERSOLL & ROONEY PC
POST OFFICE BOX 1404
ALEXANDRIA, VA 22313-1404

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b)

A reissue patent is for "the unexpired part of the term of the original patent.” See 35 U.S.C. 251. Accordingly,
the above-identified reissue application is not eligible for Patent Term Extension or Adjustment under 35 U.S.C.
154(b).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Henrik OJELUND, Lyngby, DENMARK;

3Shape A/S, Copenhagen K, DENMARK, Assignee (with 37 CFR 1.172 Interest);
David FISCHER, Stenlgse, DENMARK;

Karl-Josef HOLLENBECK, Kgbenhavn ¢, DENMARK;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Case §:21-ov-01110-A04 Document 2

AO 120 (Rev. 08/10)

Filed 10/27/21 Pgge lofl

TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court For The Western District of Texas, Waco Division on the following
] Trademarks or [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-1110 10/26/2021 For The Western District of Texas, Waco Division

PLAINTIFF DEFENDANT

3SHAPE A/S CARESTREAM DENTAL, LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 RE48,221 9/22/2020 3SHAPE A/S

2 10,695,151 6/30/2020 3SHAPE A/S

3 11,076,146 7/27/2021 3SHAPE A/S

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[ Amendment [] Answer [ Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy
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