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BACKGROUND OF THE INVENTION
Field Of The Invention

The present invention relates broadly to image data comparison, and more

particularly to facial image recognition.
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WD 2004/ 066191 PCT/ US2004/ 000745 Brief Description O
The Related Art Typical applications today store and

weowpasasf aci al images in either 3- Di mensi onabCT /85000000745

2-Di nensional (2D) form Specifically, 3D nethods or
systens 5 typically capture inmages using two or nore
caneras. By using two or nobre caneras, the systens or
nmet hods capture depth and surface view data. Depth and
surface view data is used to construct the image in
3D. The system or nethod then conpares the inmage to

Bef Ples .r@gﬁ%)fw“her#éqat@d ﬁﬁui mage dat abase. A 2D net hod

or Sys ypical 'y captures images using one or nore

caner ure the tar face at . The.syste

ot RORPIE aRRlietp Pl TeRa0 porRBe fival innges o SR df
Iﬂﬁl@ﬁ&oﬂdf@ﬂ?ﬁoﬂ’! ﬂ}héhsﬂ)ngRZU)?&?n dgdeaitrRaRy, 3D methods or systems

di mensi‘onal facial recognition nethods include
tmlwwfqapmrmagosjusmg ot mérsxameras.arBy nyssngtwomrdnore cameras, the

STHHBTE! bfwods Rl SRR ap Tyl o BAE Doyl b Ryagg,view data s

u@éﬂb%onéthﬁi‘fheqﬂnﬁgé ini MSTw@s&hmgﬁahbmﬂfeﬂ@oabares the image to
accessori es, aﬂ beard, glasses, etc. Thus, using 2

other iaages within & 3D-imege database.r AZRmethed op system typically saptires
A TERSRL AP bl LYl e LA L 35 3880 s
theal digitizédsi thy umgettbecEnpaSi@on with @ther iraages lvithin a PDdMmage database.
over 2D images for facial recognition. One advantage

of ugwigditedblohdlCadial F@EHifibA | MEhedss ineiide veigenfacd Dnethods, local
facial recognition systemis its accuracy. It is well

fasd BRLRE, T4t a ﬁ%ﬁ@ hagl ceks?n%of niaged QaldnC i 38 Hitensions,

i denti fi cafl on than 2D I ma errs have been

WA, L% AR Sl AU Y, pﬁg@%ddﬂ 4508 0lthnges in facia

per ceh S5dVantags %M OVef

stemis its speed of d sear andlma
SR o, Do Rtasy o5 Uil éf“?%e’ﬁé%gf?ab&°6‘9ﬁ"y‘f°“m"m
are rruch | arger than 2d i nage data flles The | arg
offen ggsuls im an Jymaceeptably dgh terror yaigy o cdBeso 2D dgsigl tan solutions

i ntensive usage for conputational construction of the
hisricallyekave had accuracy and/or reliability problems, 3D images have been

preferred over 2D images for facial recognition.

One advantage of using a 3D facial recognition system over a 2D facial
recognition system 1is its accuracy. It is well documented that 3D technology is more
accurate in identification than 2D imaging. 3D systems have been known to accurately
identify a person in the 90th percentile. The disadvantage of a 3D system over a 2D
system is its speed of data search and image comparison. Basically, 3D image data files
typically are much larger than 2d image data files. The large sizes of the 3D files result
in processor (CPU) intensive usage for computational construction of the 3D images.
The large file sizes likewise require greater processing time to digitize the image into

strings of data. Further, while large databases of 2D facial images of known or suspecfed
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processing tine to digitize the image into strings of

waladoa/oedior t her, while | arge databases of 2D f ae¢BIS2004/000745

i mges of known or suspected 2 WO 2004/066191

PCT/ US2004/ 000745 crimnals and terrorists exist
today, no 3D i nage dat abases of conparabl e nunbers of
i mages exist today. Thus, time needed to digitize the
i mge and the data volune of data wthin a 3D image

dimiindlaand ¢ardiisheediq th@dyns 31 @:%ng BAt eSS b BorAp AT numbers of
In current systens, to run a 3D i mage conpari son and

ifrﬁ%ékr&is?.t&ea?.u Mipy§ Elgné fidtQed th BRIk G %agg%l& thé?étﬁ&ﬁme of data
recognition’is used in envirofnents re mal nial ning

Secur i 1S ver I_nmportant, .and st be done quijckly.

it P imase rthbase JOMPURol oo SOpLt Brnchotie Vot n curren
used in an airport to conpare the inmages of people

systems,ip rema 3Hdmage gripparisen pndighyn eﬁesuﬁmwksﬂo minutes or more.
suspected terrorists. If the inmage conparison is done

too qhﬁ%%cogni%igﬁvi@ ugfd i gﬁﬂleo%%lﬁeetst FhéR" hsihe 1%‘33@219 is very

abl e to~board an ai rplane or rw se | eave

.before 10, any.cojpari s results re.processed. and

8D 4%, 151305 S5 e Sl P Bt PSSR Ragtition System would
mai nt ai ni ng security. Thus, a slowfunctiagning 3D .

be userk In ALY EROTY tosemppts; theimages iof preRle pregentiin 2he airposh to images of
perform ng inage recognition in the real world and/or

kinawn ei[suspeated t@rarisksa s¥ sherimdgemgawpadisonkisalone ¢eo slowly, a known or
suspected crimnals and terrorists currently exist.

sipetted tervarist atigle téadbirsirrrd abairplage ofletheviscavey the area before
qui te extensive. 3D imge 15 databases, on the other

aBR @ mpafifonNREulBS were! Frocésy&l hd RERY AlpBAT - TikeUS, arf Mportant factor
dat abases largely existing for inmage recognition ,

R e R A af o ARf- EE RSB, ek 1LOMRGK system is

iR e Rot1€ B P Biog R TR v B abpTE Shdorin real time
technol ogies to capture a 3D facial 20 inmge; to

par s ®atddbasesof idgebl of TG ot Suspedtéd RlifirdR hAE t@torists currently
I mages at different angles; to

exist. Of the available databases, 2D image databases are quite extensive. 3D image

databases, on the other hand, are not as extensive or prevalent. Thus, the databases

largely existing for image recognition systems to use do not afford great accuracy.

SUMMARY OF THE INVENTION
The bresent invention has been made in view of the above circumstances. The
present invention is related to combining 3D and 2D technologies to capture a 3D facial
image; to parse the 3D facial image into multiple 2D facial images at different angles; to
store the data in the system server memory, or other memory device; to use a 2D facial
recognition application to digitize and to compare the multiple 2D facial images across

the 2D facial images within a database; and to return the matched result.
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store the data in the system server nenory, or other
menory device; to use a 2D facial recognition
w@ppiioeabi on to digitize and to conpare the nmubcT/PE®ORMO745

facial imges across the 2D facial inmages within a

dat abase; and to return the matched result. 3 WD

2004/ 066191 PCT/ US2004/ 000745 This systemwi ll allow

the i mage capturing conputers to capture and to enroll

the 3D facial inages; to parse the 3D inmge into

mul tiHiEsydten] Wil Alow ﬂﬁgﬁﬁ?@&?ﬁaﬁdg%&n@wh ﬁf'(}:atptdr@ add § &nroll the
y devi Ce suc s hard

into its’solid state menory ( h as it

1. . e C. o o .
388 b rh el PR B A RO il 4R 4 various angles;
digitization;,to conpare, the 5 .inmage wth other .
1P SIS H Gl HREEGry HoVies shch 25 Hadid dvEusa Send s 2D facil
finally to return the match result to the query PCin
imaggscat vakeus-angles infolahighy memony bank: serner foredigifization; frecompare the
systemw || function wthin a network including the
idhgemtith 6thers2Dafaciab impages rwithiiP@) 2D facialoinsageydatabasd; and finally to
Servers, and various types of comrercially available

rétugii the mavdittesuleRUh gEdy PCTIS bdhrigaliiel sdlutictt. | cal
digital caneras, digital video 10 cantorder, infrared

caneras, webcans, and ot her_video equi pnent . . .
ac c e dnfpstrasture wisgcthe systern will fiynstion ynthinca aetwerk igclyding the Client
conbi ned 3D and 2D system and nethod for identifying
PersosalsCompmers RC) vattiaisytypési dfSepears, andivagossetypehof commercially
functions at a near real- tinme speed. 2D i nages may be
apailablendigital wded BGuipmestainaluliag viaatl epticahdipitab sdrbéras, Nigital video
menory, specifically in Random Access Menory (RAM or

cRRBSHdER) liﬁﬁdi@d%ﬂerﬁs?%caf?s?n glllcli Sier vided ORiflREM 2SRRI HRs. .

exceeds a rate of over I on |1 mages per second.

Unl ess otherwi se specified, the term"nenory" used

her eiTherpsésentsinventionMelaRBMo acombihed 3Dzandcil) systesh and method for

chi p- based nenory. One aspect of the present invention
identifying ahmetsonf mbércaceliratety aile tperforming seareh doncipns Us b aiear real-

using both 3D and 2D facial recognition systens, and
tinkCIpeéte 2B liMages may be put into a string of data for faster data search in memory,
specifically in Random Access Memory (RAM) or Read Only Memory (ROM), and thus
the data search exceeds a rate of over 1 million images per second. Unless otherwise
specified, the term “memory” used herein refers to RAM, ROM, or other varieties of

chip-based memory.

One aspect of the present invention is a method of facial recognition and
matching system using both 3D and 2D facial recognition systems, and included are
diverse high-speed search technologies, which may include Ram Resident Relational

Database technology.
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20 di verse hi gh-speed search technol ogi es, which may
i ncl ude Ram Resi dent Rel ati onal Database technol ogy.

wd 20000024004/ 066191 PCT/ US2004/ 000745 I n still apot/iero04/000745

aspect of an enbodi nent of the present invention, a
met hod of conbining 2D and 3D facial recognition
systens to ensure accuracy and processing speed to
identify a person in a near real-tinme is described. In
still another aspect of an enbodi nent of the present

| nverthisi andtHeF hbpee: 8{] an ngr;ﬁgﬂﬁﬁ&?to?% #ntégen% heMB8f a method of

capture process, whi ¢ € processor | ntensive,

f . i ni rocesses.to store and to search for a .
colPing 2% 2tk 3B, FaciaX Facogpition, s, © gt Ay, apd processing
sti]l .another aspect of the present_ invention, a

sg t@ﬁﬁ?"&ﬁ HRETRRAING nERE TSR HME 1 bt Connectivity
architecture anongst the individual conputers within a

net wap ‘stiy ]aglgfhgr GQebR6f by %g%?&’iﬂ%t Jf %égﬂégeﬁn g:Bleﬂfig,ggae method of

anmobunt o I mages parse rom i ndi vi

for stor r.etrieval . conparison and display is .
sticatind B ikt R5Pints PRTRS. o0 e b o dhbser Tppensive, from
the present invention s a nethod of  inage storage _. .
rgﬁanﬁ*&n%rem&tw goreandterseprch fohg maseh imp Zh databpse of images is
images is described. Still other aspects, features,
dgsnsiibadivant ages of the present invention are readily 15
apparent fromthe follow ng detail ed description,

si npl Ll bustrati a preferabl.e enbodi ments.,and

oo et abpubiEdsbit ot dhE o FERHiF. o e, R BB e etwork

f other_.and . different enbodi nents_.and its several,

PRNPAE COReqiy trauehiteEiirg amenest e éndwa}l@&gnwes%w@p a network

all w thout departing fromthe spirit and scope of the
t callectively (poehand hareng darge iampupt OF AP images ngsecgﬁqm individual 3D
descriptions are to be regarded as illustrative in 20
imagesifer stanage, wetrieval, consptarisort andedisplaidistdissioakd.obj ect s and
advant ages of the invention will be

Still another aspect of an embodiment of the present invention is a method of

image storage and management for a system using both 3D and 2D images is described.

Still other aspects, features, and advantages of the present invention are readily
apparent from the following detailed description, simply by illustrating a preferable
embodiments and implementations. The present invention is also capable of other and
different embodiments and its several details can be modified in various obvious respects,

all without departing from the spirit and scope of the present invention.

Accordingly, the drawings and descriptions are to be regarded as illustrative in
nature, and not as restrictive. Additional objects and advantages of the invention will be
set forth in part in the description which follows and in part will be obvious from the

description, or may be learned by practice of the invention.



set forth in part in the description which follows and
in part will be obvious fromthe description, or may
wheosmesiped by practice of the invention. 5 WPCT/US2004/000745

2004/ 066191 PCT/ US2004/ 000745 BRI EF DESCRI TI ON OF THE
DRAW NGS For a nore conpl ete understandi ng of the

present invention and the advantages thereof,

reference is now made to the foll owi ng description and
the acconpanying drawings, in which: 5 FIG 1

illustrates anBﬁﬁPﬁmﬁle’éN?blf ﬁfEﬁb&{A | {tion

system of the present I nventi on ustrates

an enbodi nent of 3D.i m capture portion.of t

o e dit 3 Prtpessiimifte baeeSading 3P LY e BEh iheBSh ate i, advantages
of a 2D image identification portion of the resent .
thereefh refgrence ds mow made | tothe fflawing desepiptaon, ang, theyaccompanying
i rage conparison application output used in an

dsarving$, viemthiobf t he present invention. FIG 5

illustrates a server process of an enbodi nent of the

pres i,nyention. FlG. 6 jl|lustrates a.data fl ow
S B agrdth Aoigrd i embotimapt o JpbR B0l Hstert BF the present
..enbodi rent of the present invention. FIG 7
PYeNYeRr at es a data flow diagramfor a 2D 15 i mage
conparison process in an enbodi nent of the present

| NVerdrGo8 jinfsliftes &n bﬁlbb‘cﬁﬁe%&% 3ﬁﬁnﬁ€tb?%m§é ofifle present

i mage capture process o e prese

B B o e A ovion oo

recogni tion systemof the present 20 invention is
PIESERISNYEIO. The systemis conposed of Personal
Conput er hardware, nultiple video equi pnent and

10  Acces3ar i ffustrates h Wifle 94 ?ﬂ%ﬁﬁgé B&hpitisBe agiticaliB¥Sutput used in

an embodiment of the present invention.
FIG. 5 illustrates a server process of an embodiment of the present invention.

FIG. 6 illustrates a data flow diagram for a 3D image capture process in an
embodiment of the present invention. FIG. 7 illustrates a data flow diagram for a 2D
15 image comparison process in an embodiment of the present invention. FIG. 8 illustrates

an embodiment of an image capture process of the present invention.

- DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, an embodiment of a facial recognition system of the present
20 invention is illustrated. The system is ‘composed of Personal Computer hardware,
multiple video equipment and accessories, 3D image software including 3D image

capture functions and image parsing functions. The facial recognition system uses
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capture functions and i mage parsing functions. The

facial recognition systemuses 6 WO 2004/066191
wEOMOEA004/ 000745 multiple 2D faci al i nmages, pahUsino4/000745

are parsed froma captured 3D facial inage; and system

architecture conponents, e.g., network, servers and

client personal conputers, and the like. Stil

Referring to FIG 1, a 3D imge capture station 100,

up to N inmage capture 5 stations 190, and at | east

il 1%@15 f&g%l?i %Hnél?&e?%é&%@i %ﬁ%g@ﬁ%@%&ﬁf ﬁiigé Cand system

net ese stati O comuni

aﬁ%%‘a@s@h PriaiEfisofe a6V R e gt GRpht B ista p??rﬁﬁ’%ﬁs’, and the

d the like, that send and receive inmage recognition
1 In the 3D i mage capture station 100, inage
perlpherals 108, 110, 112 are 10 connected to a

Ser v &l Refenih b PGS PP DR é@kéﬁ)tﬂl@%tat%qool&};t&wgg capture

I mages o bi o-1 dent| exanple facla

%@%ﬁ?‘) Aﬁaﬂaﬁi it s B eThlE Copdin SEaiifang) gnfgp?rogn&ted ©a

VI su caner | nfr Red caneras f| n
? 3005 g staigpg 160,190 300 Smmusic afewitha database server 400,
transm tted fromthe i rmgeeé)erl pherals 108, 110, 112,

other periphezals 500; and other locationse08ringluding somputatseprntprsyan the like,
15 stations 100, 190. 3D i mage capture stations 100,
thﬂ@embmﬂueeei%agemgniﬁbnaﬂaj mages, and parse 3D

i mges into a nunber N of 2D i nages at vari ous angl es.

The 3D ture stati.ons. 10Q, 190|n

g an bE ol 1B Cogiure dHien M. inage ReupbeTas Wt b 12 are
is well known. A4 Vision of Cupertino, Call rnia,
cppRectoddn server Wi Bhémgm]pe@hﬁaé%éo%ﬂl@olmﬁwe 3D images of
capture software. 20 In the 2D I mage Conpari son
big-atentifiers,(For eimplerfayial preagesh ey wiriety 68peripheralomay be used with the
capture 2D images are connected to a server 206. 2D
présegicinp@itionhe roaptare? 80, imdgéd, férlekample, visual optical cameras, Infra-Red-
cameras, finger print scanners, and/or video cameras. Images are transmitted from the
image peripherals 108, 110, 112, through a server 106, to one or more 3D image capture
stations 100, 190. 3D image capture stations 100, 190 capture and construct 3D images,

and parse 3D images into a number N of 2D images at various angles.

The 3D image capture stations 100, 190 include COTS image recognition
software. 3D image capture software is well known. A4 Vision of Cupertino, California,

for example is but one many sources of 3D image capture software.

In the 2D Image Comparison station 200, 2D image peripherals 208, 210, 212
capture 2D images are connected to a server 206. 2D Image peripherals 208, 210, 212
capture 2D images of bio-identifiers, for example facial images. A variety of peripherals

208, 210, 212 may be used with the present invention to capture 2D images, for example,
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capture 2D images of bio-identifiers, for exanple

facial inmages. A variety of peripherals 208, 210, 212
wong4besiosed with the present invention to cappCr/@SD/000745

i mages, for exanple, 7 WD 2004/066191

PCT/ US2004/ 000745 visual optical caneras, Infrared

caneras, finger print scanners, and/or video caneras.

2D Inmages are transmtted fromthe 2D i nage

peri pheral s 208, 210, 212, through a server 206, to

VN8l SPricBathefds, InTRGR dadtfeRds! fihge brifscahmtrs, QA& 0L Video étideras. 2D
Dimage identification stations 202, 203 digitize

2 2D
RS AR PERESP P Ton BB A PR 21 i e
2o SRR 30 PeaSHEAB i AR A iAo

Littl eton, Massachusetts, for exanple, offers,

stations 202 d8higitizg 2D-images angl progess gomparisons of 2 nagess,

met hod, which maps characteristics of a person's face

into - G nens l. f.ace . e f "
20 | At e 0PRRAHRT el 2GR 2R indhdF C O R recogaiton
and widely. available. EIG 2 illuystrates..an di .ment
SRSy athee captiis soRun el K Viigige TehnoloE, Tnc., of
invention. A person's facial image 90 is captured by a,
Litletona JMassaghustisy dor exampleh eﬁeﬁagap&reqomg@n dechnology, using the
transmtted to a 3D i nage capture station 102. The 3D
"eigenfecesdpmethod, whichatmaps digRacterptios ef apdrsenisoface intoe a multi-
3D facial imges 90. Next, the 3D inmge capture 15

dihéisionnl $42 spaces e Othdictypés bfaDeindage daphve Foftivarel end?&stems are
facial inmages at various angles 131, 132, 133, 134,

kidwn add'&idBl svahBle2D facial images at various angles
131, 132, 133, 134, 135 are stored, for exanple, into

a solid state nenory device such as the hard drive of

t he FB@ 2ritlgstrateapanuembadimentoof 4.0D. infaige. capturd portion aifdbe present
a 2D i mage conparison portion of the present

inveusion. i Anperddies faefhl Athigd DBGecapeured beasdD Idgé perfphetal 108. The
a 2D image to the 2D inmage identification station 202.

facial image 90 is transmitted to a 3D image capture station 102. The 3D image capture:

=]

station 102 captures and enrolls the 3D facial images 90. Next, the 3D image capture
station 102 parses the 3D image 120 into multiple 2D facial images at various angles 131,
132, 133, 134, 135. The multiple 2D facial images at various angles 131, 132, 133, 134,
135 are stored, for example, into a solid state memory device such as the hard drive of the

3D image capture station 102,

FIG. 3 illustrates a 2D image comparison portion of the present invention. The
2D Image peripheral 208 transmits a 2D image to thg 2D image identification station 202.
The 2D image identification station 202 registers, stores, and processes comparisons of
2D images. An image to be stored or searched is transmitted to the Database server 400.

The Database server 400 digitizes 400 the image. If the image has been searched, the
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The 2D image identification station 202 registers,
stores, and processes conparisons of 2D imges. An

WO pagecdiol be stored or searched is transm ttedpeDUs1v84/000745

Dat abase server 400. The Database server 400
digitizes 400 the image. If the image has been
searched, the 8 WD 2004/066191 PCT/ US2004/ 000745
Dat abase server 400 runs the search and conpares the
image to those stored in the database. The Dat abase

DRADASE séV8 4OE Ruriseiner farchhnds sthdted ﬁﬁuirﬁa Otol thdse? Qored in the

Image 1dentification station 2 The 2D|rmge vid

AR, ' AFRDIARSE BP0 SR kb 02 el B 9&@9@% image

| G. 4.illustrates Ieofa2D| . arison
idesiiicatian SHIOTANS FheAD IiEscfen Hases WemERighEySiem of FIG. 3
viewed at the 2D i mage identification station 202, as
may| besqomposed ofi all Coamumercaal Qff-the-Sheifl (COES) dreducts.

conceptual bl ock di agram of the system server 400.

Such y | L —_ .
tFl%é % 1ﬁﬂ%tl‘a?i§d$§r8€l? @ fln}]ag %ﬁ{rﬁéhg&h?%lcatiﬁl This view
. based rver .as_h vvare networ k conn
lﬁ@t@r% o FarEn 7 0Gewed 3f Qle?{Do 4TSRS PR, 8 Hlgprated in
[ rra?e sof tware including 2D i mge di gi tization,
o?age and conparison functions. The 3D i mage
capture station 102, captures and enrolls the 3D

2! 6] STASRE0a oBRoRRE R ARSSH drThEsyHial LB 48D Such

faci al "i nmages” a us ang

YR it caripised el Comberal HE T SﬁrSF@f%géu 8luding a high

transmtted to the Database Server 400. The Dat abase

mgsmary pasedserver ay hasdwargretwerk conmectiity fetheichemtPCs, data storage in

dat abase. When a search request cones in to the

niEary askwaes 22 imagiOsofivtace Dealuding 2D ideageatigitifiod] sjortage and
the image and runs the search. Results are sent back
compadisonifenptions.i The 3D imago@passtdtion 102 captustahdagells the 3D

conmpari son 202 workstation.
facial images 90, parses 3D images into multiple 2D facial images at various angles. The
2D image identification station 202 registers, stores, and processes 2D images. The 2D
and 3D images are transmitted to the Database Server 400. The Database Server 400
stores, updates, and manages images in a database. When a search request comes in to
the Database Server 400, the Database Server 400 digitizes the image and runs the search.

Results are sent back to the requesting 3D image capture 102 or 2D image comparison

202 workstation.

Fig. 6 illustrates a data flow diagram of the 3D image capture process. A 3D
image capture station 102 receives a single 3D image 1. The 3D image capture‘: station
102 parses the 3D image into a plurality of 2D images taken from various anglés 2. The =

parsed, 2D images are sent to the Database Server 400. The Database server 400



20 Fig. 6 illustrates a data flow diagramof the 3D
i mge capture process. A 3D inmge capture station 102
WO emeios@ast a single 3D image 1. The 3D i mage captTIUS2004/000745
station 102 parses the 3D imge into a plurality of
2D i mages taken fromvarious angles 2.. The parsed,
2D images are sent to the Database Server 400. The
Dat abase server 400 9 WD 2004/066191
PCT/ US2004/ 000745 regi sters the parsed 2D i nages in
Eén&ef&ﬁh@?ﬁ%@d 3p iAfagestinGisidafaBasedd, land Bglﬁﬂs 'aﬁQH@QD‘}mages 4. Each

Image is stored with its digitized til
n Y. [ ety
203 AR o s iR, B conpa@*éiiﬁﬁ{qé@baw Wida a search
for matches, If a 2D i h sfoun
QBB B edapatess m@ LEmpaE e 28 ITAGRLH AR I a 2D image
parsed, 2D 5 inmmges 6. The reconstructed 3D inmage is
measeln ay Senndo then datgbasgi seaver irpengatructs the dPnimege frpratthe pagsed, 2D
qual ity image has been generated 7. Fig. 7 illustrates
5 imagest@ fThewedomstueted 3D infage 20compeyed twothp arigimhimage to determine
process. The 2D inmage conpari son workstation 202

WIREIRT WR@alkty dHagdRekbebh Qefeddded TROE peri pherals  10.
Search requests are sent fromthe 2D i mage conpari son

wor kstation 202 to the 10 Database Server 400. The

Dat afag e’ Bhstrates agiptar flaveidiageam pé thecD) imagecepmparisarpprocess. The
perfornms the search 13, and returns the search

2Dk gudgescoipatisort erkstation 202 meceRids iar2ld) émagenfromi 2I» image peripherals
wor kst ati on 202. The search results are displayed 15

18t Bbdrchveédiebtatar®8ent Ofom Fthe 28 irhdgésédnipagisom Workstation 202 to the
enbodi nent of the 3D image capture process. A 3D i mage

10  DSAMas¢ ServbAdor nrﬁé)ﬁaﬂdﬁfsé é&mp 460 P&BivESHR sehrck rqu\e&tt 12, performs

processing speeds of east 2 15 G gahertz t

tﬁ%g&@uj TR FefuARl e %eﬁafl ?4 P@%h%ﬁ&m{sﬁ% 21) dlgfagg i%gmpgnson

dssignnments are

d 3D i e capture s ion 10 I.N
Fipreas2; gﬁﬁseﬁaﬁa g aTe lssﬁyei?%a&tﬁsg@ {A9R 282
RAM 24. The Database Server 400 distributes inmage _
dat a Fy 8rillastit& e aRBcHIMBAVEY the BD RAd3R capRIFE pRReR! A 3D image

menor
capture Ztation 102 uses high speed CPUs, i.e., with processing speeds of at least 2

15 Gigahertz to process image capture and image parsing functions 20. The CPU
assignments are task-driven 22. Image data is stored at the 3D image capture station 102

in a Memory Resident Database, i.e., a database stored in RAM 24. The Database
Server 400 distributes image data over a high-speed network to other sources of memory

for storage 28. The Database server 400 sorts and indexes 2D and 3D images according

20  to their attributes and categories 30. Images retrieved during a search are compared to

the original image to determine whether a 3D image has been reconstructed 32. Search

results are returned to the requesting 3D image capture station 102.

10



10

for storage 28. The Dat abase server 400 sorts and
i ndexes 2D and 3D i mages according 20 to their

wa@rdiobibes and categories 30. | nmages retri evePCTUSI004000745

a search are conpared to the original inmage to

determ ne whether a 3D i nage has been reconstructed

32. Search results are returned to the requesting 3D

i mage capture station 102. 10 WO 2004/ 066191

PCT/ US2004/ 000745 The foregoing description of the

pref efl{eggre Ging Qfew?@iioﬁfof %ﬁéﬁquﬁﬁ%&"éin%dimt BEH invention has been

present or ~pur poses o ustration and
ed.to .exhau

description. It [§,not.inten b ti,v r .
Rresatetior iteoseh oL RiuRBpidrEAnE KeSitiBn ol i BPEIRIAGET 1 By exhaustive
and nodifications and variations_ are possible.in L
qritg himiptheripyentipn je thepresise fpsmugislasedpandymgdifications agg variations
practice of the 5 invention. The enbodi ment was chosen

an goshihle in hight ofi ther ahwve tteachingss irrmayh de mciquicédofrom prattice of the
the invention and its practical application to enable
inventioh.| Thecemboditbdt wdst cHoserlidnd deseribddein drdetretotexplain the principles
vari ous enbodi ments as are suited to the particul ar

dfSke ﬁl‘?@ﬂtﬁ)‘ifpinﬁtiﬁcbraétffcali gli%{/ﬁo;ﬁﬁg @HatidBhe tHiRed ﬁpg&@ aftfto utilize the

the invention be defin cl al ns appende

5 P L A T g 1

.reference . herein.. 11. WO 2004/ Q66191 PCT/ US2004/ 000745
Hppe) B e Sthe InveRfion e JeRaelchy, e B S Apprie hereto, and

nmeans for capturing a three_ di nensiona

~ canpri.sing: | I na
th%g@,wq%@'gh sThesntifsty of perhsefi the afarementiongd dpepaents iseigeorporated

into a plurality of two-dinensional 5 inmges; and
byeefesentohereinnpari ng at | east two of said
t wo- di nensi onal inages to a database of a

11



plurality of two-dinmensional inmages. 2. An inmage

recognition systemaccording to claim1 further
we@opnsapng:  neans for displaying a result of PEEUS2004/000745

conparison. 10 3. An inmmge recognition system

according to claim1, wherein said neans for

conparing conprises: neans for digitizing a

t wo- di nensi onal inage. 4. An inmge recognition system

according to claim3 wherein said neans for conparing

WHATE CEAMEDSKES: 15 neans for storing a digitized
t wo- di nensi onal inmage. 5. An inage recognition system

according to claim4, wherein said nmeans for
conpdr i Ay image Iecognitaemsyisteascompsising: f or searching a
dat abase of two-di nensional inmages. 6. An inmage

recqognitiaon st em,accardin 0 claiml, wherein said
rreaﬂ%aflsbtorc '&%ﬂh’% mﬁ“f‘ﬁ?”gé’"ﬁﬁ%nsi onal i mage
conprises at |east one of a visual optical digital

CaMiedns for fhingdhidthfée Aimeisionaligiage o iagilaralﬁ bf ¢wbTAirensional
and a webcam I2 WO 2004/066191 PCT/ US2004/ 000745 7.

5 iﬁg ds"BGE recognition systemaccording to claimi,
%I‘él n said neans for capturing a three dinensional

i mage conprises: a fingerprint scanner. 8. An inmage
r ec agang foo comparingnat deasotwd ofgaidawotdimensionalimages to & datdbase of a
means for 5 conparing conprises: a server. 9. An
plurall§ of ewedithérisihabixfdgesn Conpri si ng:

2. Animage recognition system according to claim 1 further comprising:
means for displaying a result of said comparison.

10 3. Animage recognition system according to claim 1, wherein said means for

comparing comprises:
means for digitizing a two-dimensional image.

4. Animage recognition system according to claim 3 wherein said means for

comparing further comprises:
15 means for storing a digitized two-dimensional image.

5. An image recognition system according to claim 4, wherein said means for

comparing further comprises:
means for searching a database of two-dimensional images.

6. An image recognition system according to claim 1, wherein said means for
20  capturing a three dimensional image comprises at least one of a visual optical digital

camera, a digital video camcorder, an infrared camera, and a webcam.

12
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an i mage peripheral; a processor system connected to
sai d i mage peri pheral, wherein said processor 10

weyaiesiigonst ructs and captures a three di nensPOEBE2004/000745

i mge fromsignals received from said i mage
peri pheral, parses said three dinensional inmage into a
plurality of two- dinensional inmges, and conpares at

| east two of said plurality of two-di nensional i mages

to a database of t wo- di nensi onal inages. 10. An inage
recogpni Nn%a itd6t- &cbﬂhﬂé i dRif N‘%ﬂ{eﬁénﬁsﬁé‘hﬁans for
processor em conpri ses a server. ) I mage

%E%@ggiatﬁ%@dﬁy%g%%q&ggg g&glgnstg claim9 V\,her e| n said

m-conprT ses? "a first processor for
constructing and capturing a three dinensional inmage
f r oma finggtpring séadfi@ ved from said i mage peripheral and
for parsing said three dinmensional image 20 into a
plurality of two-dinensional inmages; and 13 WD

2004/% 6é£9mampmuwe@ww@uyef@alﬂamplr dthereinpaid gieans for
conparing at |east two of said plurality of

compadngreomsprisesl i nages to a dat abase of

t wo- di mensi onal inmages. 12. An inmge recognition
system according to claim 1l wherein said first
procé"ss§5v|ﬁr'and sai d second processor are connected to
each other through a network. 5 13. An image

recogni An@mage RtSIIRICHSRIn\Gnipisilgai M 12 wherein said
network conprises a high-speed network. 14. An image
recognition sggt em according to claim9 wherein said

i nage imagerpepipberal, and sai d processor systemare
onnect ed to each other through a network 15. An

| R rd GRSy shd? Bort6eled U B34 Bt FribRerk!, Mhleh'sald'Flottdor

Seco

system constructs and captures a three dimensional image from signals received from
said image peripheral, parses said three dimensional image into a plurality of two-
dimensional images, and compares at least two of said plurality of two-dimensional

images to a database of two-dimensional images.

10. An image recognition system according to claim 9 wherein said processor

system comprises a server.

11. An image recognition system according to claim 9 wherein said processor

system comprises:

a first processor for constructing and capturing a three dimensional image from

signals received from said image peripheral and for parsing said three dimensional image

into a plurality of two-dimensional images; and

13.
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10 processor conprises a server. 16. An inmage
recognition systemaccording to claim9, wherein said

WO pegmee1per i pheral conprises at | east one of ap@T/EEEN4/000745

optical digital canera, a digital video cantorder, an
infrared canera, and a webcam 17. An inmage
recognition system conprising: 15 an inmage capture
station for capturing three dinensional inages, said

i mage capture station conprising an imge peripheral,
a fi aSecdld3r663r fordtinparihg blead®WO bF said pRILI1i®y 6f wdl-dimensional
i mage capture station stores a three di nensional inmage
ifn@Pes'tb 4 a%lﬁas’%%é‘?wo-'cﬁiﬁ&?sio‘)ﬁfi' gial in said first
nenory and sai d processor parses said three

di mrensional inmage into a plurality of two di nensional
i magdg; AadagOreavgriticrpsy sietheavcofdingatbictaimsitiavhenein said first
connected to said i mage capture station, conprising a

_ afd 8¢ S&Bhd prteRoP A6 BANIRANS ¥achWiRdr ShrdudiPa Hetwork.
i mage identification station receives said plurality

of two-di nensional inmages fromsaid inmage capture

st at ildnAn 4mygs RoogNitiBGYStEMRCTOIISRI04labmd 2a8herein gaid network
conpares said plurality of two dinmensional inmages to a
compribayachigh-spesd néiwarksi onal i mages. 18. An i nmge
recognition systemaccording to claim 17 further
conpr,ising an intranet; wherein said.inage captuyr.e

st at ilénAﬂ%Ba&%‘ieWS‘\%’esYF'&W?‘i%tP BOAVPepinEpi image
connected to each other through said intranet. 19. An
peviphypsalrand geidiproasssos yystemmarecaoonetitedtoteacteptherthomighametvark.
said intranet conprises a wireless network. 20. A

7o 19q. 81 ihSLLNAh SABAER SO SiaTA 11 \heRlif Bia Soond

capt uring

Processor comprises a server.

16. An image recognition system according to claim 9, wherein said image
peripheral comprises at least one of a visual optical digital camera, a digital video

camcorder, an infrared camera, and a webcam.
17. An image recognition system comprising:

an image capture station for capturing three dimensional images, said image
capture station comprising an image peripheral, a first processor, and a first memory,
wherein said image capture station stores a three dimensional image captured by said
image peripheral in said first memory and said processor parses said three dimensional

image into a plurality of two dimensional images; and

an image identification station, connected to said image capture station,
comprising a second processor and a second memory, wherein said image identification

station receives said plurality of two-dimensional images from said image capture station

14



10 parsing said three-di mensional inmage into a first
plurality of two-dinensional inmges; and conparing at
wo eagbedivo of said first plurality of two-di mTEPST/ORBN4/000745
images to a second plurality of two-dinmensiona
i mages. 21. A nethod of identifying i mages according
to claim?20 further conprising the 15 step of
di splaying a result of said conparison. 22. A nethod
of identifying i mages according to claim 21 further
&1drBdfripates Saill PRurality P tvd dindensionsl imapeh 16 Afatib8ét of two dimensional
t hree-di nensional i mage in a database. 23. An inmage
igﬁg&gnition system conprising: 20 an intranet; a
atabase server connected to said intranet; 15 WD
2004/ 066191 PCT/ US2004/ 000745 a 3D i mage capture
st at i k81 Aminrpetrecbghition ayderh atcordiag to clain 1 3 Barthengeémprising an
capture station conprising a CPU and an i mage

iR4neP\PReRéin saill Qmﬁge?&tphﬁ@ Siatibr A dafd ik fdbnbifiddticAtation are
connected to said intranet, said 2D i mage

' i fd i Q ' . i,sing a CPU;, 5 wherein

3 dggﬁgﬁ%ofﬁn%gﬂgg%f&ggg%gg |oﬁécaptur es a three
di mensi onal image, parses said three di nensional :
I magel 9. Amndmagtecogitiénysysfent aseoringtosslaimal8 wherginsaiddnanet
transfers at |east two two-di nensional inages parsed
doiriprisésad WirklR§SRtwhikensi onal image to said 2D inmage
identification station. 24. An inmage recognition
system according to claim23, wherein said 3D inage
10 ca9: Armetbediof identifyinglimagessomprising the stepseaf: ser ver

connecting said i mage peripheral to said
capturing a three-dimensional image;

10 parsing said three-dimensional image into a first plurality of two-dimensional

images; and

comparing at least two of said first plurality of two-dimensional images to a

second plurality of two-dimensional images.

21. A method of identifying images according to claim 20 further comprising the

15  step of:
displaying a result of said comparison.

22. A method of identifying images according to claim 21 further comprising the

step of storing said captured three-dimensional image in a database.
23. An image recognition system comprising;
20 an intranet;

a database server connected to said intranet;

15
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CPU. 25. An image recognition systemaccording to

claim 23, wherein said 2D image identification
wat@iioesioconpares said at | east two two-di nensPONEB2004/000745

i mages received from said 3D capture station to a

plurality of known two-dinensional imges. 15 26. An

i mge recognition systemaccording to claim24 wherein

said video server is connected to said CPU through a

Wi rel ess connection. 27. An image recognition system

accog 9pNiak® copdte Satidn Wbiietled 16 s4d HitAhbt ¥ai@BD imdB&Eapture
peri pheral s are connected to said CPU through sard

stX{i&xegon?pq{sYneg a4 CPY ahd an image peripheral; and

a 2D image identification station connected to said intranet, said 2D image

identification station comprising a CPUj;

‘wherein said 3D image capture station captures a three dimensional image, parses
said three dimensional image into a plurality of two dimensional images, and transfers at
least two two-dimensional images parsed from said three-dimensional image to said 2D

image identification station.

24. An image recognition system according to claim 23, wherein said 3D image
capture station further comprises a video server connecting said image peripheral to said

CPU.

25. An image recognition system according to claim 23, wherein said 2D image
identification station compares said at least two two-dimensional images received from

said 3D capture station to a plurality of known two-dimensional images.

26. An image recognition system according to claim 24 wherein said video server

is connected to said CPU through a wireless connection.

27. An image recognition system according to claim 24 wherein a plurality of

image peripherals are connected to said CPU through said video server.
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