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9 January 2007 DESCRI PTI ON | MAGE MATCHI NG SYSTEM
USI NG THREE- DI MENSI ONAL OBJECT MODEL, | MAGE NAT GidubNeg 2007
METHOD, AND | MAGE MATCHI NG * PROGRAM 5 TECHNI CAL FI ELD
"The present invention relates to an i mage mat ching
systemusing a three-dinensional object nodel, an
i mge matchi ng nethod, and an i mage matching program
In particular, the present invention relates to an
i mge natching systerESCHRIPTIONTetrieving a
reference image stored in a 10 database (DB) on the

- IMPAGESMAT GHINGpSY ST U SINGrTHRER-DIMENSIONAE)OBJECT

i cked up under a different pose and illum nation
Mgm,tMGFhMTCHIN&METEﬁ)EhA@ MAGE MATCHIY 6
mat ching program BACKGROUND ART An exanple of a
PROGRAM onal | mage mat chi ng systemis described in 15

Tsutada etc., "Dictionary confi urati on nethod for

di scriminating persdi m FeBLD) of face

di reﬂll on," The Transacti ons of the Institute of

El ectPBRreseNt1AYeRtIAR rolatemtp o imase saatcbmEsyitanensing a

Vol . D- 11 11 (1995), pp. 1639-1649
thigg éi* ﬂi@g@ﬂb Bpded, %lmaggﬂnesiammeéhad, and an image
El G 26, an inpge natching

ma&@i%#ﬁg%wﬁawf%c‘%%% RreseRt ygadl Weéﬁﬁeﬁéo%iﬁ%&ﬁe
magn SR uBBIE drBlefifg r Sloretion tneeRtpmroRehce
daﬂa‘gﬁgee (DB% Bhi4& b‘f‘t fst 6f° mg&%&%ﬁ re{ne éﬁg&e l}%gn face)

regli strati.on sec

P A %E‘% 5%%51 T e

as hereafter

ma&’ﬁlhﬁgtrﬁet@l%bl%{hdaﬁné {g&ﬁggﬂﬁages of  persons)

pi cked up are prev ous I'n"the reference i nage

storage section 7%}\3@1{(@30@1&9@1@?\9 i mage

regi stration section 75. However
An example of a conventional image matching system is described in
Tsutada etc., “Dictionary configuration method for discriminating person

independently of face direction,” The Transactions of the Institute of

Electronics, Information and Communication Engineers_, D-II, Vol. J78-D-11,

 No. 11 (1995), pp. 1639-1649 (hereafter referred to as first conventional

techm'qne). As shown in FIG. 26, an image matching system according to
the first image matching system includes an image input section 10, an
image matching section 40, a result display Sectron 80, a reference image _
storage -'section 70, and a reference in:tage registration section 75. |

‘The conventional i image matching system having such a

_ conﬁguratlon operates as hereafter descr1bed

| Reference i 1mages of Varmus objects (such as reference face i 1mages of
persons) plcked up are prewously stored in the reference image storage

section 70 by the reference 1mage reglstratmn section 75 However
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9 January 2007 reference inmages greatly change .
depending on the condition at the tinme of i nmag?® Femuary 2007
(conditions such as the pose and illum nation). Wth
respect to one object, therefore, a plurality of (a

| arge nunber of) images i maged under various

conditions are previously stored. 5 The inmage i nput
section 10 is inplenmented by using, for exanple, a

refEAIREAma kRS gh‘é‘ﬁ'%f @héﬁ‘g@ Hej)é‘i?cﬁﬁ ﬂfe%%ﬁlwn At 'fgg?fﬁie of

(not illustrat rrage ng section

im&SMpAEASditid8s sHEN tas'tﬂﬁ%s@ l&tnﬂ' 1!1%%1&1%191%}19 NeritH PRGRct to one

i nput section 10 with each ref erence i mages

objebr, shaedork! erplﬁmltyr&f(auefg‘eenmge oBliOl AR i ldon e

calculates simlarities (or distance 10 val ues) of
variespentditions ass predousigdtoridect s a ref erence i mage

having the greatest simlarity (or the shortest

di st’Bmeahag@inmecdectibhekll is ibgplbmiemegd by wisitig foe seaiopde, a

by gray level features. In the cal cul ation of

“canséndl. [Theiimagdedtinpen imhigatis ssed dn atﬂnembrdnbaﬂihmtraﬁed) The

the di stance value, for exanple, the normalized
image matehing section 4000l npaas the snparicien zgecohizéned fiom the
. result displa 15 sectign 80 displays a reference
lmaw@u@ﬁet&wmﬁ?@m hgach nf refarenpedmasss Obsfyaquaﬁ’m!ythe

seI ected from anong.the reference inmges,

refergpes,mage slogpge se 0m79p¢eé9%1a§%ﬁnembaret1ee? %\s‘é@ce
R AL L B et o A o
P o 353 B s BB LT
renf SRR LRV IR FratEea eﬁal@gfiapn BpiliEdy B tveen
feaﬂé@z’gggnﬂ gtca cﬁ%bﬁ %iriré}?e ﬁ%ﬁang eg? ugn o\i'ze\rgisalrgp eg@t on
norﬂﬂ'a?i%&%o%ﬁﬁ&g gﬁg Egeld f@ﬁ?ﬁce'&%@}égﬁg 'I‘?lterr%ts{lﬁrhlsplay

sect represen rve thre I Mensi ona

sect@&i 8610igMaet 2 Shavad Ee sRaks of aﬁ%b%gl glt g the greatest

hr ee- di'nensi onal ect “node I'on

‘51mﬂ§r1t32 s&eé@ﬂ%ﬁl_gﬂgﬁg the reference images, as a matching result

(er-displays candidate reference images in the descending order of the
similarity). |

Another example of a conventional image matching system is
descrlbed in Japanese Patent Application Laid-Open No. 2000-322577
(hereafter referred to as second conventional technique). As shown in FIG..
28, the conventlonal 1mage matching system includes an image 1nput

section 10, an 1mage conversion section 35, a partial image matchmg section

- 4b,a result display section 80, a reference image registration section 75 a

representative three- d1men51onal object model storage sectlon 20 and a

‘three- dlmensmnal obJect model reglstratlon section 25.
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The conventional irnmage matchi ng system having such a
configuration operates as hereafter described. Dhmuerty 2007
nore representative three-di nensional object nodels
obt ai ned from t.he three-di mensi onal object node

regi stration section 25 are 5 previously stored in

the representative three-di nensi onal object node

storage section 20. As regards a partial regi on conmon

to tigel t
secti Oﬁ C?%vgﬁgggg@ﬁlo &ﬁe re% ?’g%ce | %gue}}ggal ned
confiimaltiith 6918k &NEEhEBGRr HeQbABEJSECLT ON 70, the image

conversion section 35 converts the input inmage and/or
the Osleejreness df88BALAS theed &ﬂ@hﬁoharﬁbﬁeyﬁmdels
condition (such as the pose condition € sane

obtashed Hom the ebrad- dipnsistsad] &ﬁé&%o&@%be@?&ﬁéﬂ‘ §é’ctfdn°?‘5 are

the representative three- dinensional object nodel

presiousdy eteedt inothe2@prevetaties ebbeegﬁthﬁr@ﬁalnﬂi‘édtahodel
i mages. For exanple, as shown in FIG 29, the parti al

storags section 20 fkarega&'dia pEtial eagidncionés oartodlie inputizagge
or a nmouth. By previously specifying a feature p0| nt

~ obtpined fresptie image igintafectine Iihaydsackanfithdeeference image

t hr ee- di nensi onal object nodels, correspondence can

obtpmadsfrem theeefpeance amagewgeragetsehting Mo the tmags conversion

omares the ci{%r:l verted i nput_inage obtal ned fromthe
‘3'9‘3F1I'%’é93e'7J WF%‘% npsléémagﬁ apal/qy the zeference amagaswgeisdb

s 20 respective

ggﬂ of t{w fere( cal cul ate
- mage Lpg Japuy pRndipion; é‘éﬂ %gp@;@@datlp@} thesrmebyaggng a

tm?eérwsna%ea e i B oSSR 2R T
T b RO BT Bt

ima?agve descrl bed conventl onal techni ques have vari ous
obl ens described hereafter. 3 9 January 2007

Fi T Sor dxBenAROYE ﬁﬂ&f‘ﬁ h%@‘: 9] The %artr rgeogr:Eon is a feature

convent i onaIF1 tec
portion such as an eye, a nose or a mouth. By previously specifying a feature

point with respect to each of the images.and the three-dimensional object

| models, correspondence can be taken. The partial image matching section 45

- compares the converted input image obtained from the image conversion

section 35 with a partial image of each of the reference images, calculates
respective average similarities, and selects a reference image having the

greatest similarity for each object. The result dlsplay section 80 displays an

- object having the greatest similarity among the reference i 1mages asa

' matchmg result

DISCLOSURE OF INVENTION

The above- described convent10nal techmques have various problems o

: deSCI‘Ibed hereafter
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have a problemthat a | arge nunber of reference inmges

of an object to be registered, picked up underg January 2007
vari ous conditions becone necessary. The reason is as
follows: the input image is directly conpared with a

5 reference image; if the input image pickup condition
is not restricted, therefore, it is necessary to
previously prepare reference inmages that are close to

the Ryt tHe'ﬁQﬁreldésEﬁBfE& MPQHH%E%@ Ebﬂ%?ﬁ%m‘é&’ t&Mfiques

with a large nunber of pose an um nation

‘haoeadirobliis thé6a Qaiif%t A@hbet of @@fereﬂ&waegeﬁoffa% o8 be

infinite possibilities in the pose and [l um nation
regioteded,i wibked apduider Miricusonditiond b¥cdnPAsSdBhSy .t 0
previously prepare a | arge nunber of inmages

assothatreabosi issviatlowestlenigitiiatge iSeERRElyYoorpatedsyith a
second conventional technique, the input imge or the

- referdreedneei ifdbhe input bnuge tickigocarlition 3§ uat eedthiesadyi t h

each other in 'pose, and conparison is conducted. I|f
therpforaithe necdssate to pferiensly prepassraféreibedamages that are
t hr ee- di nensi onal object nodel is not sufficient or

closgbo thesimpd imaggdnypickiy tendition inmmdef 6w eopalwstlina large

conversion beconmes |arge and matching

_ g@useg by t‘g& C(
- DURDPRK 8t Poe % diamanatien conditipns As @ miatkgriof factp howewenr,

There,i also a,.problemthat it js very difficult to

thege ax¢ é‘lﬁlFﬁée PPPIRHARS Jont ergrshidlumingtiernenditings, and it
is PR e R B ERRG Ve TIRAGE S 1aFEs SURTIARad imeeehe
asef AR miteyms fedifiphiakes o consi derably. Iong. i me
consSRpiEl, PR T HiP g SRveRBR AR e Biong b8 bk fapeior
e HicfoPligh o B AVRPo JPASReR! A BF0ER!biGe i

pos@,r{uiﬁ@ onzﬁ afi8bRiE PSR ABGER 1RE nqﬁﬁ P 5 treiféérglﬁg? images of

~therefore, i'mage conparison nust be Conduc
a threb Mimeh5R%ial Sbrect BHERE gs A00Lu R Gy .tp%sgfis {diely
present 1nvention provide an i mage matching Sys an
different, therefore, distortion caused by the conversion becomes large and
matching cannot be conducted correctly, resulting in a problem. There is

also a problem that it is very difficult to square the illumination conditions

with each other by conducting conversion and a common region certainly

needs to be present because images are compared in the common region.

- Thirdly, the conventional-teéhniqﬁes have a problem that it takes a

. considerably lor;g time to conduct matching.

The reason is as follows: in the conventional techniques, the input

- image_is compared with a plurality of reference images of respectiﬁre objects;

if the number of objects is M and the number of référen_ce images of each
ij_eCt is L, therefore, ima_gé comparison must be conducted at leasf_ LOM

times.




I mage mat chi ng net hod, and an i mage mat chi ng program
that make it possible to retrieve a reference 9 gy 2007
regi stered in a database on the basis of an input

i mage as regards i mages pi cked under different pose

and illum nation conditions every object, even when
only a small nunber of reference inages are avail abl e.
Enbodi nents of the present invention provide an imge

ARG R A R P A o
mage ARG Rl 0R8 i lo Rt IR 1Bl mh L RS v
retrievé @ RERdEdnc ﬂ?gge@fegfs%&e i® 4 BB asCAHMR Hak %ftﬁgq?lhﬁﬁﬂfagg as

I mage or erence imge so as to ma e po
re_gard§'ﬂnd%b Peckan dinteedi fiEpiR pobd amPBRInkh&idcondiehiCdvery
mat ching even if a region comobn to the inages is not
- object,fmves enticn ohiyba sinal musnbef of keferenes ndges Aventdibblg)r ovi de
an i mage matching system an inmage matchi ng nmethod,
Emhoddimenismefigbe patsehi inyeqtiay peoniddan imegeematchpgssyisteng, ano
. conduct inmage matching wthout always generating a
image watchingmefded sk an imagsapatehingtmpgremdthaemeke ifatosgibjedet s
with respect to all objects. Enmhodi nen of .the |
conduchmatching Wit @rﬁmaéﬁnlangv{ Qfge en%g@g%@i@rmdwwl
., an,i.na t chi ng et hod,. an iimage mat.ching. program
object g RSP ioilyBlng Piseetsing Sy ritondrting By i Hnggp or
o ‘ r.ef ' .
the refcl 3B AT Lo ORI e AR oo Beth G TR PG b1 o
[ i j t: resent
conducd A R B L e B 1o Bl e o eyt om
Emb6dinieity bf%E Plestnf RivEARSE PrévIBYEn Frhikd Matchth Ay stéhd Uin
i mage, the inage matching system conprising: ‘neans
image thachigkhétod, ditahinkelewegchinB@rodabk thai Make itpadsible to
plurality of representative three-dinmensional object
conductimabgesnatokiag svitloout alveaybarenarayin @QErtaimkicegsagy matbbr of
between the reference i mage and the representative
three-dimmngpnabivhieets matiatespdst ée all wbjetss, and means for
retrieving the reference.image. simlar to the input
Embegjmepts aishepresentdsyentions prayidensn snagset veaphingsystamut
. rra%(; and tge repr esent at{l,ve t hr ee- di n&g@i onal gPJ ect
an imageqpgiching faethod. ) inags tagtching nregram that Wake impesible to

reference .i e and the representative three-
conduct rétrieva atehlgﬁ"ggeed cven when a gatgbase as reierence 1mages

concerning a large number of objects registered therein.
According to a first aspect of the present invention , there is provided an image

matching system for retrieving a reference image similar to an input image, the

image matching system comprising: means for making a match between the input

image and a plurality of representative three-dimensional object models, means for
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di mensi onal object nodels. The imge matching system

may further include neans for finding a referenﬁgumy2007
t hr ee- di mensi onal obj ect nodel associated with the _
reference image simlar to the input image, and neans
for newy retrieving the 10 reference inmage simlar to
the input inmage by using the reference three-

di nensi onal object nodel and the input inmage. The

maﬂk‘iﬁ%% R OGS SR P FY nkY Eﬁ:ﬂﬁé al hlé%%?g%%%}%‘gg‘% three-

finding a reference three-di nefsi ona

dind&S6hal Gjelt MBAEREahGMEHNCRY rbiBIRNS thb ! rBferbflcd 1fa
i nput i mage, conversion nmeans for squaring an I nput 9%
singibndid ieninphut iHe gk MyUisihFagR st dF thiahafh BdiSreen the input
reference image by converting the input i1nmage and/or
imageandfthe eapeesenbgtveothrebeliassiom bRt neidRISHEE a result
t hr ee- di nensi onal object nodel, and neans for
of thetmatoli betvwdem thefefanace ihapgandsdeGiepr@tntative thee-
_input image by making a match between the input inmage
dimanpiondlahgetenodelge squared in i nput condition. 20 In
the i mage matchi ng system the conversion neans nmay
pr evilishgge oratehing dystem froay furthemaneudamle spufor dfimting a
I nput condition of the input imge wth that of the
refergnge theee- dimensiomyobieniguodeliasspeigted widnthrayeferesicade
. _image .jnput _neans for inputting the input inmage, a
mmageFEdla: ter thednprt Brage ek meaas fornewly nefaitsving she

storage sectign for. storing a plurality of
refer%ﬁ?%%&ﬁg%\t‘w ay fe the B AEIagsdy ush; neirrense thypgge

ener a at | east one

._generati on neans .f or Ln
_dlmgmé’r"’i Qg??citr‘?ﬁ%iielélnést eilﬂprwH’d‘ggﬁondi tion to the input

TS SH PBBe RL AR FSTAEIaA5e g
s e
e AR 955bb 0 TR, TR AT G e

condi$iBRE6 (H@Nnpuk ‘iﬁ‘é{g@ vAPR SR G HY R e HR8G o8 %'}ze(fo?fvié?ﬁng

nmeans, selecting maxi mum

the input image and/or the reference Image on the basis of the reference

three-dimensional object model, and means for retrieving the reference
image associated with the input image by making a match between the
input image and reference image squared in input condition.

| | In the image matching system, the conversion means may.

previously convert the reference image, and square an input condition of the

‘input image with that of the reference image.

- 'The image matching system may include image input means for

, input_f_:in’g the input image, a representative three-diménsiona’l object model

storage section for storing a plurality of representative three-diménsional
iject models, image generation means for generating at least one

comparison image close in input cdndition to the input image every |

6
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simlarity with respect to conparison inmges

associated with each representative three-dinemﬁmgm@2007
obj ect nodel, and regarding the maxinum simlarity as

a simlarity between the input inmge and the
representative three-di nensional object nodel, a
reference i mage storage section for 10 storing the
reference i nages of objects, a reference inage

repRbEMiAE o S Hb WimehSloAGE oBREL hddel 8h thE %faés{&.gof the

simlarities between the reference inages store in
reprégeiiRftRicethee-diMEAsiohal ARcERPDUER 3L 18 Etﬁeﬁicfﬂljeééﬂt‘é%ive

t hree- di nensi onal object nodels stored In
threentiesenictial wbjddh Nt istmask eBalioRbintsde MAMingThosR0for
section, and result matching neans for extracting the
calcela¢ivgne eiviflatitpbetwean ther irfpmttififrdenind ehRERtHY cd®arison
. basis of simlarities between the input inmage and the
imagsy gyematad be thdimege peransitivnaineahi eosle codeieh Snaximum
. calculated by the image matching neans and
sing]anityawithi zespoeht tasiom parésons ied @gesnassotimbed svithndadihe
representative three-di mensi onal object nodels stored
represerfiative thresidianengigealmtyiedtimgdele suidtregapdiagehe maximum
. section. 20 The inmage matchjing system nay further
SIm iy RS 4 ﬁ%ﬂaﬁmbﬁgwmthe wipusdmagscand theyyrenresentative
negns for regjstering representative three- .
thr%‘?'ﬁé‘ﬁé}l%lﬁ&ﬁf ?é%?qulﬁbéu xefenench amaggrsbaragesection for
t.hr ee- di pensi onal object  nodel , storage sectiqn,
stoniglg Hig TelrPReg inp e Cabitster FelsRRnteoRI3 gymetdnggesult

ol G EHE8 hERRER B S558] LSRRk e e
S e OGS AL e e o Bt o
o PLRSGAE SRR BBl SRR Dol 50 0

. stox{ag? ISBbEGh,] D54 re.rl]!z}ﬁﬁ n%{)c?lgfgftgr ﬁ&gélg? P &Itiré{&irtl% the reference

ee-di nensi o IS regls

imakERIASIER e EhY %m%&r ﬁﬁa}% SR BRA BQ@E]'S o?%h&ﬂtaritﬁ%gfdm%ﬁftﬁge

section by the three nmensi onal object no

inpute@hid ahd @he r énta‘%fve%@e%iﬁ%ﬂgicﬁ{a@ e hdRIE | S

registered in the reference |1 mage st orage section by

; _ca1cuMedefyemri@eag'mec1ﬁﬁgix§édﬁ 490 s{TBARSiticA Wb tReE8h R 2

‘reference images and the representative three-dimensional object models |

stored in the reference image matching result storage section.

| . The image matchiﬁg system may further Include three-dimensional
object model registration means for registering ‘repre'seritative-thrée'
dimensional object models in the representative three-dimensional object

model storage section, reference image registration means for registering

. reference images in the reference image storage section, and reference =

image matching result update means for cqn’ducti_ng calculation of the o

similarities using the image matching means, on a combination ofa -

- reference image and a representative -three-dime_nsi@nal object model newly
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result of the calculation to results in the reference
i mage matching result storage section. In the 9 y@gsy2007
mat chi ng system the inage matchi ng neans nay
calculate a simlarity between the input inmage and a
representative three- 10 di nensi onal object nodel
every partial region, the reference i nage matching
result storage section may store simlarities between
hBe k8t 145 o! i he, r.ef erence:.i nage
o e 18 SRR TP o HOAEH b reb Rt bR et
obfk 80 deTPIRI sl ' d ‘ '
'F%% ee-di nme n_sglﬁ% n a?H ﬁggljlg g%ﬁh%égﬁt@%g% d‘glglg lec%l,al 81\33&0 §/
md] stdtagh 66196, b THe theed-8aHbAsiBRACH;HG 1%5(:15‘1%%{_ BstiBon
extract the reference inage simlar 0 t e Input 1 nmage
medhs| b wHeasd BeRirefdrdhbaimlbicBSs PEL VRSB LN Ehé g&é}eﬁé@&?age
and the representative three- dinensional object

storagebectial bylthé estebondelion 4 FpieriSih 6h RedRABS SYRIiNg a
partial region and simlarities between the reference

resulagbtheacudcilationrte pesakntiatthy @efeiéfe:- ith JRNGIa@RN s result
obj ect nodels, stored in the reference 20 i mage

storage béatipm esul t st orage section every partial region.
In the image matchi ng system the result matching
neantn theimagd matchingsiysiémy the sagematenng mohas mayes
between the jnput inmage and the representative

calgplage afimalasity hetween dbe inpubimagmand anepaesentative three-
bet wee ';he ref ?rence i mages and the representative

[

dirgepsion imefal eyere pertsheesion dheanference hmage matching

' \‘(;bgﬁl ulation,provide the resultant simlarities with

resie %ﬂf%geo??‘l?’ﬁe m%§F%reo‘¥1“E§ﬁ¥é‘il%ﬁab%t“iﬂe@ctb§éﬁi@e@ﬁe images

st Si | a}r it ifes bet ween Ii;he i nput, i mage and 8 9 January
O%gLP T ITREA PSSR S eshaname repppsendatiyeithees-

13 - di pensi onakl opj egt. dels. The.i e t chi ng
dl“-l‘s‘!y]{ss "Z‘%ﬁq v %?“@&%S%ﬁéénitﬁgdﬁprﬁéaﬁgﬂtﬂﬁnﬁl .eﬁﬁmqr}-ﬁgonal
. j ' .a_representative three-di nensional ..
obibgtinbd Lot P UBoiiPy! SRES IR gk, GRS Hh JEaTt Matehing

j ' - di pensi_onal obj ec
mefhtnfly bitrite hERLAIEALShakGe HIRAE: t IR Sl
bas®\§f similarities between the input image and the representative three-
dimensional object models calculated by the image matching means every
partial region and similarities between the reference images and the
representative' three-dimensional object models, stored in the reference
image matching result storage section every partial region.

In the image matching system, the result matching means may -

calculate similafities between similarities Between.the input image and the

' re‘p'resentative three-dimensional object models and similarities between the

- reference images and the representative three-dimensional object models,

and in the calculation provide the resultant s_imileifities with weighfs on the

basis of candidate precedence of éimilaritieé between i:he input image and -
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conparison imge close in input condition to the input

i mage every representative three-di nensional obj®airy2007

nodel on the basis of the representative :

t hr ee- di nensi onal object nodels stored in the
~representative 10 three-di nensi onal object nodel

storage section, imge matching neans for calculating

a simlarity between the input inage and each of the
th@@dmpamen imhEBY8RIYRE %efe%en%{éﬂaweeﬁﬂete%%%faﬁ'%bféa{:

nmeans, selecting a maxi num simlarit respec 0
modehgpari son i mages associated with each representative

t hr ee- di nensi onal object nodel, and regarding the

mexi Thenihags mia dching S’ys'témam%yfihbl%{d'etﬁha%%t PR nidi&s for

I nput image and the representative three-di nensional
inpotbiiagttheadplit imageferanesentimBoe hires-diRensiohhPobjeet model

storing the reference i nages of objects, a reference
storagegeectmndbi stpries alflursliigr c&'gépﬁ@ehlt@ﬁivé elirest dibddibional

simlarities between the reference inmages stored in
objettempdéle; smege gemeratinonagns fecgarprating atdpastsant at i ve

t hree-dj mensi onal 20 object nodels stored in the
COMPAHIWIINAZY ¢lose n trputi comdsiion 4 todjmryt M evesyor age

section, result, matching neans for extracting the
repreeataiive thipggdimensipnalobertinedelmuithe bagje obthe he

[ rities etvveenthelnput i mage and the

reP?%SﬁPi%*éYﬁ glil éﬁﬁﬁ m\%qtéﬂ%(ﬂeléﬁﬁfé‘@d irgheirgpresentative

mat chi ng neans and

d
' thré"iaﬁ’f’%g%‘?%tlgﬁleﬁ&ﬂ8%@%“?%@1‘%% BCEINDe 380 dvatehingmeans for

stored,

cald GRS Bhla i e PRaburt Haepe aaioathon s comparison
imeZEE e Bay B 1S (Flf Caeeigﬁh%ﬁatlgtﬁé‘%w?%aieﬁ?bj gt

SEectrt on f

) ‘simﬂﬁz?il‘qﬁ"%\ﬁtlfgg%)ecg L TEOR pﬁen?nf&?g%% aggo%%lll CI ah

e reference | ges S

repfe%@ﬂﬁ‘atﬁeoﬂ}ﬁg@ cﬁﬁfeﬁ'lsﬂﬂral %Sﬁ%’:t] %dd(}ﬁ‘g&&(f %S%%F}é ”fh%@émum

for obtalnlng rererence ree-dinensi

_mmﬂ‘é?ﬁ@jr 85 aIPRI A1 hMidcln thefi Eﬁt‘ ﬁﬁaggﬁ%ﬁsthg)geéf%ﬁeglg%tewe

fromthe result “matchi ng -nea
threehtigfdi R Hbfstd medd 126 re fRERLe ﬁﬁ&%%‘%ré Ee&ﬂm ﬁﬁd
. generating at”~ |east one second arison i nmage Cl ose
stormg thentetferemd iiina@ds b obfeetd, AR¥ference image matching result
storage section for stormg similarities between the reference images stored

in the reference 1mage storage section and representatlve three- dlmensmnal

,,ob]ect models stored in the representative three dnnensmnal object model
storage section, result matchmg means for extractmg the reference 1mage

| s1m11ar to the input 1mage on the basis of similarities between the input
~image and the representatwe three- dlmensmnal object models calculated by
- thei image matching means and 51mllar1t1es between the reference nnages

and the representatwe three dimensional object models stored in the

o ':reference image matchmg result storage sectlon, a reference three

' ‘dlmensmnal obJect model storage sectlon for storlng reference three-
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I mage every reference three-di nensional object nodel
on the basis of the obtained reference : 9 January 2007
t hr ee- di nensi onal object nodels, and second i nage
- mat ching neans for calculating simlarities between
the input imge and 10 second conpari son i nmges
generated by the second i nage generati on neans,
selecting a maximum simlarity from anong second

di®eHBivhia Ojec RISl ARDERIEY SHLMRD r@@g%%fing%s stored in

ref erence three-di nensional object no

- the eglerehdedin A H0¥AFRISCSION, ls@édﬂtb’in@ég@géﬁéﬁaltﬁahi th¥ans for

between the 1 nput image and the reference

obtdinheg tifornmiahade-dhhessionBOGhjectlBodBR 4JHR6RLEBKIH NY
may further include three-dinensional object nodel

refergiet inzd gesrexteansd fimm thgirsddt ngchins aeeRkafrbdethe
t hree-di nensi onal object nodels in the representative

_refemms-tdm'a@d@manaionab pljett model sirag@gecti®@gndogenerating at

reference image registration nmeans for registering

- leaskpae spennd eamparisomimhge chkeirinput omglitiondoahe input

section, and reference i mage matching result 20 update

- imagmaeenygelesnge shreegdisnensionali ajedfmoiel @i thé basis ofthe

eqiHtmensipapl ekjent models, and second image
r.ee- di nensi onal .ohj ect rodel new enerated b
majehiRg AR O IoT HRRHIHb RS BB iescimaendhe input image and
' istered in the

Sec@%@%@@%ﬁ%ﬁg{%%%ﬂg%@ SoH Sesspdd MfiEneIabipgaeans,
. Sect | the .t hree- di nensi onal apj ect nodel
selGBnEs H e lfulat sy o Faon e aeronst bvsneSmhimaers

assp e Fifeach bl BERET ?%H@Eﬂl%aé%%éﬁ hieGgpgozand
- fn b _ 3 {: ti t .
regh Btk 2 i T A 95 £ B AR e S

resu

PefBrenc8 Mrdd iRRs ORISR mBRLECt nodel

generation means responsive'to regrstration of a
Si TS ik dp DRIEER ot I5u i
BT o b A Al fe A Atmb ional ghject

mod’eﬂfregﬁﬁmidlﬂﬁﬁ%nﬁ.fﬂiai'e?é%ﬂégiﬂgeﬁéﬂﬂasé%t%ﬁﬁ%eﬂﬁ'@&m]@t@nsional

conducted by the reference inage matching resu

objeap tasdelsrhatise répresaeiativatthpge U eh8fa® Bbfoct model storage
t hr ee- di nensi onal obj ect

usi ng the i mage matching means, on a conbination of  a
bl EfbER

an

section, reference image registration means for registering reference images

in the r_eference image storage section, and reference image matching result

update means for conducting calculation of the similarities using the image

matching means, on a combination of a reference image and a

rep’reéentative three-dimensional object model newly generated by

.'régist_ration,- when a new representative three-dimensional object model is

_ registéred‘_in the representative three-dimensional object model storage

section by the three-dimensional object model 'régistra{tioh means, or whena

‘_new-‘re_ferénce image is registered in the reference image storage section by

‘the reférencé image _régi-strati_on means, and adding a result of the
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nodel associated with the reference i mage by conbining

the representative three-dinensional object nogigin§ary 2007

stored in the representative three dinmensional object

nodel storage section on the basis of the simlarity,
~and 10 registering the generated reference

t hr ee-di nensi onal object nodel in the reference

t hr ee- di nensi onal object nodel storage section. In the

calcoieptortd sftulty i6)he aBferbhee 1A 86 i tERIS ikt QBLESS section,

nodel generation neans nmay generate a reference

- antithees-dimensionalalbjedtj a6 e n@sitiratiof 0641 RpYhEReaach

reference image by combining representative three 15
reglpiretisnafal simhjaeity batoekn theaefdehde fheed BRARENt at i ve
- three-di nensional object nodel storage section every
regygpentativedhremdinoengibpabalsicst mbdel i tlay idféRmce dhtaziened
every partial region between reference inmages stored
matehingaesyiéfstonage section eonductad dysihet tefereand image matching
representative three-di mensi onal object nodels stored
resuyl Wpate dpeaiys frgenaratingshediefeneaice hhieeodineeisiomaledbject

torage, 20 section, and register the generated
manfae?Sgﬁ@Eeé Wildethe rafpransa dmage) sctombiadng the representative
obj.ect nodel storage

 thekg FBRSERAl TRt age s HiDEH Hpb SrArentabve thaee

infEs el S BT Ycufife Sl e s ot thecuam . and

s B3y YO o BREAA T 31 A L S RS

o i ' d i
refotbikd El;ﬂegltﬁﬁle%fo\ﬁﬁf %bif%? éxgcgc{ei rg‘ﬁ{‘ri%\%ﬁ Isgﬁtggﬁ.epfteggﬁt alt inve

the reference 1mage s

IR T T v

representative t

congl 48 ) P03 0 B AR

and the result

assd@ARASPER daBBaBfesbAkd ﬁﬁa%@ by Q@ﬂqb@ﬂ#{rgpf;ﬁs?%n‘wﬁ% ghg%ee-

basis of simlarities between I mage an

dimeepibasboljati MmedsRrere il EStRakeRRLSE tthF@éiﬂgﬁensiona}
cal cul ated by the i mage natching neans every partia

-objectgicdiel atedage Bt dvedy RAtMEPBzibACOH ThEHERGSF ggﬁﬁpﬁiﬁes

- and the representative three-dinensional objec
obtaideid bveryspantizd régionlimtwebanefaence images stored in the

reference image storage section and representative three-dimensional object

models stored in the representative three-dimensional object model storage

section, and register the generated reference three-dimensional object model

“in the reference three-dimensional object model storage section.

In the image matching system, the image matching means may

calculate a similarity between the input image and a repreéentative three-

‘ dimensio_r.tal object model every partial region, the reference image matching
result storage section may store similarities between the reference images

stpre_d in the refexfence'image storage section and representative three- -

dimensional quect models stored in the representative thrée"dimensiohal

1
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i mage matching result storage section every parti al
region. In the imge nmatching system the resul'wanuaryzom
mat chi ng neans may calculate simlarities between
simlarities between the input inmage and the 10
representative three-dinmensional object nodels and
simlarities between the reference i mages and the
representative three-di mensional object nodels, and
obiet o : : | g e
i g g o 2K} 5 OEESH A0S I e
mdHnd hay ekt BB WoRPerk dCinh AL nliTROR Hednpull§mage on the
conpari son i mages and the réepresentative
batiBrofeidilaeitilsdtalcbRithE ing &t RESE and THE rbPRAS IR FHiNGe-
system may include inmage 1 nput neans for "1 nputting
dithéesibnplibbjece@edels ded@ulasanbathy embBe @eadhimPicandlevery
obj ect nodel storage section for storing a plurality
padtialregies end ahnileritivsdetdiesn b @BRren@LIrBE LI REE L Re
i mage generation neans for generating at |east one 20
repyesptiat yerthreerdemehsisnal objenpiiodely) didredrintthetrbforbaput
. image every representative three-dinmensional object
Imagriglatehingnesplisiterage sdetionrevpry pantial region.
t hr ee- di nensi onal object nodels stored in the
r epridsidin s grematichingdiysteni theatesulj watchingaheanoregye
selcéii on, . image matching neans for calculating a
calgylate similgrines hetweemelmilprities betweem the epuioimagreand the
co rji.son. 25.jmages generated_by the inage
repEREn AENE AETREAMENCRRIPREk AiectamadsloARd s Akfies petwesn the
espect to co rison i es assocj.ated . w th_each
refgrgPE Laaess A PR TERIRSPREHY & Faioe g mansi sl ibl o Faodels,

anuary..20Q7 .si.ml ar.

dj h ' 29
B e e AT T
PSR AR BB SR PSR s

erence |

r . ' ' referenge inmage .
the ESLAEIER OS] PSR oy 0 5L G RSl oot
moddlgi larities between the reference images stored 5 in

the reference i nage storage section and representative

t hr qereinfRnshanéing QphA HBAflu |

~ representative thr gg?di mensi ona(?go%Jﬂ{e}gge %%é{ﬁeans for
inputting the input image, a representative three-dimensional object model
storage section for storing a plurality of representative three-dimensional
object models, image generation means for generating at least one

comparison image close in input condition to the input image every

representative threé-dimensibnal object model on the basis of the

- representative three-dimensional object models stored in the representative
- three-dimensional object model storage section, image matching means for

| ca‘lcqlating a similarity between the input image and each of the comparison -

images generated by the image generation means, selecting a maximum

‘similarity with respect to comparison images 'asso'ciated with each -

_represéntative three-dimensional object model, and regarding the maximum

2
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storage section, result matching neans for extracting
the reference inmage simlar to the input inmge9 dnu 007
basis of simlarities between the input inage and t
representative three-di nensional object nodels

cal cul ated by 10 the i mage mat chi ng neans and
simlarities between the reference images and the
representative three-dinmensional object nodels stored

sithflabif as e8NS b n%'iqu]bﬁg iﬁl%grg galﬁld;%:]%;%g?e sentative

section, a referénce three- nmensi

thedeodidth 36641 HjedtOhodL 0L Iﬁ&r(eﬁ&?{lﬁggg sf:cﬁﬁ@? 'ﬁection for

di nensi onal object npdéls associ at

stor@ietlenfefetdR@ S £l l0Fbbiddtsl 2 1dlErdifRb Eiﬁﬁ;g‘é fg&hﬂ?%result

storage section, |1 nage conversion neans I ng

storefe sertiom fdrrﬂerlﬁlg@ﬂﬁla@fties hieeh t@i@%!ﬁéeﬁ@éﬁﬁbé&s‘fﬁored

with reference i mages extracted fromthe result
in thee véfereqcedansge dtoragd fetioafAIERGRreoboiRgivedhiBHaimRional
obj ect nodel storage section, squaring an input
objechiotlelsrstofed hrethe rqspmsenmgﬁ*evmhree “didensionthebject model
reference image extracted by the result 20 matchi ng

| stomgec@pm@ mhafghinenieapsifor extyacting/the refeeence image

reference image extracted by the result matching
Hﬂiasrrfé’ therinphé gk onothe hesivbf sinnlaritiee betveerrethe input

t hree- dj mensi onal object npdels, and_generating

- imagg gndithe ﬁ%en%@{%’&hree éilyaeesmmé Obmmmde&gealanlated by

therefe nce inma uar dininput condition wth

thed g PRLTEING ERBs RRd EmHagaionhedyeny the anirente images

an AR B T %%“éﬁ?niqﬁégéé‘%ié&e' e

refyEhE SH5Gs RGRAERG: ugégd =3 ee iR e TRV RERG Iﬁ%q%t e
dm{E?QélJ ?féct'rﬂ &%ids%?%afgreesggﬁj g]{fg ﬂ:&rp‘&regb }éﬁ]i’tc‘élt 3

-dmfetﬁgﬁﬁlag o 2515 Qgé&?%teﬁg%g l‘cthg trgi%eggg gé%stt%re n

t hr ee-di nensi ona ] ec

the r8fe@6RECHEN & SR BRILEY LS % i 1 lgéﬁcgﬂée{'s%n'n? g Ega_m?ng

reference i1 nmages rn the ré e I nmage Sstorag

|
refer6héd tHree WMthrREGH AW edt (%ll onﬁl?@t%ﬁrg@ﬁﬁ &f#@ﬂ&% ﬁnages

means for conducting cal

extis@bteifrbhiethd Bl (B BhHE MBAAS frof theCUIRARL kRILOT

~ dimensional object model storage section, squaring an input condition of the
- input image with that of the reference image extracted by the result
- matching means by converting the input image and/or the reference image

- extracted by the result matching means, on the basis of the obtained'

reference three- dimensional obJect models, and generatmg part1a1 images

respectwely of the 1nput 1mage and the reference image squared in input

 condition with each other, and partlal image matching means for calculatlng '

a 51m11ar1ty between the partial i image of the mput image and the partlal

o 1mage of the reference image generated by the image conversmn means.
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reference image and a representative three-dinmensi ona

obj ect nmodel newy generated by registration, oh@Qarg 2007
new representative three-di nensional 10 object node

is registered in the representative three-di nensiona

obj ect nodel storage section by the three-di nensiona

obj ect nodel registration neans, or when a reference
image is registered in the reference i mage storage

sect i : f: ' i.siratio ,

B e e G R g e RS

objeet SiRRE feiBAGIRBLELHS %ﬁ%@?ét&aigé %g%s%%aﬁ@& tARR-

and t hree-di nensi onal object” np nerati on neans

dimengions] ¥setOmobaelsShrthbi rRpr&erRafivSichAle- ddn HRLSEALYEG

reference image and the fepresentative _
mddel etordpeeadion) abfe@bh@Cim AP6 0bgibfrate H8ARE BICRANBHSS

mat chi ng result storage section conducted by the

referdredntgesinghe refeebihdtgim 465 blorasd SedtRrBRASeféRhce
generating the reference three-dinensional object 20

 imagelglatekingrieaubidimvath méeng ffrevadacihgegkubsticsbild ng

. the representative three-dinmensional object nodels
simi{ayitigs npinghderigpgesmatettingenedms on acombiiatinal obbj ect
nodel storage section on the basis of the simlarity,
refgyeapce dmgigs adid & gentsseyfaiieathrde démensivnal object model newly
t hr ee- di nensi onal object nodel in the reference

generated by registratian, Bibieact nawaspresantatue thrae dimensonal
b.t‘g_e [ afaﬁg mat %hi ag %st em the three-dinensional
OhIgH; et e s derstgefidP e GRPReERSatiHG thrasedimensional object
o o Bikere b B TAEELB DB APIRG: Fydeb o et
vottd 9 J ..2007. di ' |, object nodel
meddh e iRt iunRedis (R Rred SHH PGS 1o ct
t i al i on, t
sto e ReclbRIBNRe33Rre Bl FREL RBEMTion SHaRE: bt piiingen
ros IR QPSR ARLEIAACS, WIRORS:UL Rl ll 0ipah SSRGS rosul

_ . . | . . 9 . . h
storaghMRelb AT MR A Elom B SO dEheblibh peme,
_ . ! - ; _
L e A LIRS e o
the v&5RReftATBRSIHBIdiRRhEIINATRHRIt MUAIE tHE FEfePnce image

matching result storage section conducted by the reference image matchirig :

result update means, for generating the reference three-dimensional object

_ﬁ;odel associated with the reference image by combining the representative

three-dimensional object models stored in the representative three-

dimensional object model storage section on the basis of the éimilarity; and

registering the generated reference three-dimensional object model in the

_ reference three-dimensional object model storage section.

~ Inthe image matching system, the three-dimensional _objedt-niﬁ&e_l '_
generati_t)n' means may génerate a reference three-dimehsional‘obje'ét_mddel-

assoc_iatrt_'ed With each reference image by combining' rép_resenta__tive three-

_'14-
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store B PRI LB Do BOL el RO i abBrese RO Ea Pt

In the i mage matchi ng system the i mage matchi ng neans
may calculate a simlarity between the input i9®Bg@ary2007
and a representative three- 10 di nensi onal object
nodel every partial region, the reference inmge
mat ching result storage section may store simlarities
between the reference images stored in the reference
i mage storage section and representative three-
difle ABBAL ' l5 ' LERLesent ati v
R PR e (HhiPlerdrable SNSRI
objeat hiodk] 51294 @Nsedditth diey Pasthl ré@&ﬁ,ht?ﬁ] %%ﬁa%%@%itﬁﬂ%rities
extract the reference image simtar to e I nput 1 nage
obtaiméd everyasirtiad re SiofiHedwebh $8fREhYUE Ala e stoPRYIn tHBRTE
and the representative three- dinensional object
refersoieb Smegle Gibiaige dobbioh B 1ERIEsTRELRE R B ANSBMEAN object
partial region and simlarities between the reference
modeksgeerai theerepregungating shiratedirhe edodhEijsétoRdHel storage
obj ect nodels, stored in the reference 20 inmage
sectighc And gegistan thesgemeagte daadtienie eliedeydipasidiahal sige&model
. ILn the image matching system the result matching
in thezedenenge thrgecdinmmsiaiatiobjedtthedelstormersestion) ariti es
betﬁgen the input inmge and the representative
t hr d8-tedmegednatching exstenn dblesmage mahilinginéas may
b tvveen.qt%ge .. reference inmages and the representative
Calct‘-ﬁ%‘f‘e@ SHREREED gatweﬂa} ha iInpyddmageomndiadepresehtative three-

._cal culation, proyide the resultant simlarities with
dlm\%‘sb‘%@ Obl’?ct Hgﬁdc‘% ¥ mrtkﬂirr@gm, dhp refeserescianage matching
Lmlarities between the input image and 15 9 January
resS Bhorlek sefon SaScoirs Aupuebiica henbopa ge Selwarsa nades

hi ng

) SOEAPASRERE O, RSBSOSl
oHELSPASERLRAE A Fy 8- LORHS o T Do

mat chi ng ne
t ' ' . it .
mee2S a9 xiialh thE PpferdMRAG AR LB e ol image g the
basisofRi | i | :
s B ESA oBYGDLhd aS 5056 oo
dim?ﬂéﬁioﬂabélﬁ@cﬂﬁoﬂ@l% ldabllatd P the {080 G te ARIL Tk eJbry

partial region and similarities between the reference images and the

representative three-dimensional object models, stored in the reference

image matching result sto_i'age section every paxrtial region.

In the image matching system, the resuit matching means -niay
calculate similarities between similarities between the input image and the

representative three-dimensional object models and similarities betWeeh the

_reference images and the representative three-dimensional object mo‘del_e, |
and in the calculation, provide the resultant similarities with weigh-tjs-"'ci;n_ the

b_asisof candidate precedence of similarities'between the input image and

15




the input inmage by using a result of the match between
the input inmage and the representative 9 January 2007
t hr ee- di nensi onal object nodels and a result of the
match between the reference image and the
representative three-di nensional object nodels. In
accordance with a third aspect of the present

invention, there is provided a programfor naking a

DR TR N
L 4 . h
RO pIRA A8 oy R iy Py TRET @

I £ROEBABE MifhVLsdcBh&&s C%Pﬂeﬁi?@enfﬁiv%ﬁﬁoﬂﬁﬂﬁje% gﬁ)gf‘deﬁp

of making a match Dbetween the retrerence image and the

- an imaf€BlatgRnt Actitrl fob retiedingRNetearle iBRioe Gimilsgansip@nd a

step of retrieving the reference inage simlar to the

image, itipithagenmagiehtng mehiod@omprisBigh b stp dffiraking atfindreh bewreen
. the input inmage and the representative three-

the inpuf imeageiandal plotgligy of rapiesentating tharee-esmbnsiodal tobgeciatodals; a

bet ween the reference i mage ~and the representative
step of pppkarg dntatels besmsen oy referenesdisnage and dhe tipngpentative three-

. enbodj nents of the present invention, effects | .

dimensigal phISEHTREPlsaE SteR 04 TolEiRY iogdbe reAbepee mage smilanq |

e o ST TR, B R BRE
o M R R BB e
the reféi’@ﬂxc%QEag@ Anl ‘fhf{ fc&)f'ésﬁ%ﬁﬂve ﬁﬁ@@-{ihﬁens%ﬁax ,‘%@&%t kRligisence

i mage of a small "nunber of reference | Nages are

InpdcesRRhee with' 4 fIRFdORpRet GBthe Pr&GneBRveRBois, ARENGE PPoviliéd
a small nunber of reference’i mages of

a prograiw foe nohiking aiconglutaryxecite Madelage matthiagtmehod e tdtrigve
processing such as converting the input image or the

- a referepdeerimage dimilge tooamsinput mikge,t thei impges ematchinge ntkthod
W th each other. In addition, matching can be )

comprigigggy siep Pfagaking p mateb bebreeadhadnput dmage and gayjuralits of

represelliPLRES A IR RS, pERS LSl 0, Becomee
vemec 30 TR 5B RSl Bpa
models! £4d 4 85D DY eOIRARL MFeferct $thke Shnilar to the input image by

_ using a result of the match between the input image and the representative three-
‘dimensional Obj ect models and a result of the match between the reference image
and the representative three-dimensional object models.

According to embodiments of the present invention, effects described hereafter
are achieved.
A first effect will now be described. With respect to an input image of an

object picked up under a different input condition such as a different pose and

16




mat chi ng between the i nput inmage and representative
three-di mensional object npdels with a result ©®fanuary2007
mat chi ng between reference i mages and representative

t hree- dinmensional object nodels. The reason is al so

that a reference three-di nensional object nodel is
generated by conbi ning representative

t hr ee- di nensi onal object nodels and subjected to

i e SEE E  ofoAERE E
\ . . )

R e I e

FurtherR$i8] SialcBify ¢k ddueRiSFitSa bshafl ekt 6 r&‘@f&nb es

natching is conducted by using the calculation o

of thresdithémidriay oBfect hRdoB! with@ doagdtitting FoRBssindRith as
conducting matching with a reference three-di nensi onal

converbihg detinpoidelage v thefoferenseimam@goushamakg théigposes coincide
) simlarity are extracted by using representative
with each ogher dinnastdétiom aatolipg cen be dehdyctethevenhién region kbmgnar to
. high precedence candidates with reference .
the imaggs sl ipressat. dwatheunpiscimagsdaptshing besomes possible Brfhomt

DESCR|.PTI ON DRAW NGS, 10 G Is a bl ock diagram
always SRBAAIEE & IERARSTGIRSA MURbBROLIARaCralgions WaR LAY TR ol

-according to a first enbodi nent of the present
everyoi%ﬁq«;gnti on; FIG 2 is a flow char show ng operation

BRORHENER, Bl Qferh ot SR A Poio sl o of
, matchilg%ﬁéfﬁleﬁn e ﬁpﬁ?ﬂﬁfgf%%ﬁ%féfég%né%tﬁve% @E&Eﬁi@éﬁgﬂﬁl’é}?g@ ket

ject nodel “Iin aTtirst

modelsOvidtys aBuStTMh NOhiHQ Hetwc 1RFRERIcafaRks and RIRERAGEVE MREE-
inafirst enbodinent; FIG 5 is a diagramshow ng a

dimensiomatolgieet rasdetpl Bhedfeacon fabioahgen tdfagace faéc linfehsiopgl| t
_ in a first enbodinment; 20 FIG 6 is a diagram show ng
object moddns genarated yploenbohing mepregantativesthecd-dimensional object
models and subjected to matching.
A second effect is that a reference image can be retrieved at high speed with

respect to an input image.
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a first enbodinent; FIG 7 is a diagram showi ng a
concrete exanple of an input image matching resinharky?007
a first enbodinent; FIG 8 is a diagram showi ng a
concrete exanple of result matching 25 in a first

enbodi nent, 17 9 January 2007 FIG 9 is a block

di agram showi ng a configuration of an inmage matchi ng
system according to a second enbodi nent of the present

conanbe Shsop FibAE plidefie %ﬂq%?%één&éﬁ%%@ﬂ i Fpahal
. ' tj i ' t: FLG. 1l i
objEBE fiodb Bl 54 HEL Ak DY B SRR e A Bl g miaehimers °

cofuchen B MRAf (R aglaH @%ﬁ%ﬁ@h@&ﬁﬁ 8 ing ol Bven
SRty B 5 50in g 585 BT
ref&ldace 1§1aig§s RadirROn /N SHOYLA Qrecéiﬁféc%g b?ﬁ]?sqﬂke of

update of a referénce Imagé matching result T'n a

rep2€SentetiQaiREiABiRt e ndiblal dfebiSmBdSIsFh@TheR %t@ﬂirg% of high

concrete exanple of a matching result of a registere

precedarenaadidmee with sefecnndtlaebinEasional ShickEmoklé &

a di agram showi ng a concrete exanpl e of update of a
condeftedence i mage matching result in a second

enbodi ment; FIG 16 is a block diagram show ng a

confi gur at i GRIFF DIESCRIETION Ol DEAWENE® accor di ng

to a third enbodi ment of the present invention;, FIG

17 iHG ¥isablopladiagasnishgwime pabnfiguratichiof #d imagehe

time of 20 matching in a third enbodinment; FIG 18 is
matching gy stemsaesar digeciore ssteerakadishent offthe presentsmyention;

~thr %%Gdl nmensj onal object nodel in a third enbodi nent;

FIG. 21s a flow char showing operation conducted at the time of

matching in a first embodiment;

FIG. 3 is a diagram showing a concrete example of a representative

- three-dimensional object model in a first embodiment;

FIG. 4 1s a diagram showing concrete examples of a reference image

'in a first embodiment;

FIG.5isa diagram showing a concrete example of a reference image

matching result in a first embodiment;

FIG. 6 is a diagram showing a concrete example of an input image in

a ﬁrst_einbodiment;

-FIG., 71s a diagram showing a éoncrete example of an input image

o matching result in a first embddiment;

.25

FI_G. 8isa diagra_m showing a concrete example of result matching
ina first embodiment; R - | |
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resgit

_emﬁ ‘Sﬁ%ql}tal region of a second conventional technique.

FIG 19 is a diagramshowi ng a concrete exanple of a
reference image matching result in a third 9 January 2007
enbodi nent; 25 FIG 20 is a block diagram showi ng a
configuration of an i mage matching system according

to a fourth enbodi nent of the present invention; 138

9 January 2007 FIG 21 is a flow chart show ng
operation conducted at the tine of three di mensi onal

22 P RGTPHER MR R thd il A RO O et

a

st e YIREE B 2Ry abels blRb Y

inveid@urati on of an image matching system accordi ng

to a fifth enbodi nent of the present invention; FIG

24 i BI@. 1®%ﬂbﬂf&ha§@%ﬂbﬂﬁn§%ﬁﬁ%&h Dodifd gg%sﬁggé tﬁ]'ﬂ.?of

time of matching in a fift

 thiiekalikn etisigiad Ghieo whdis] @egleefatﬂ:sﬂﬁieeec&i‘d &bb t10

mat chi ng system according to a sixth enbodi nent of the

- pr esElG. 1hisenfloarcharbsBow2iy bfemtieda dicBa] AN amMdsr
a configuration of an imge natching system-according

refexsnae fivege registrntidroneh stemtthémbedidmid; 27 is a

di agram showi ng a concrete exanpl e of coordinates of a
t hr BlGii ktbiesi dragranbjlenyiogod ebneréfe &taEnpROofl Smatbhiegk
di a% am showi ng a configuration of an inage matching
énihyeeshimiengional abiset oriled vegisteredrinla seeohdi que;
FIG 29 is a diagramshow ng a concrete exanpl e of

BES FOR, CARRYI NG QUT THE | NVENTI ON 20 Hereafter,
;“6‘:%@ ao‘ihaﬂﬁ%mpﬁbé@eﬁg g eﬂremeteoexamphe dapdase of Bed

det ai refer cetot drawlngs_ Wth

refﬁrsrer eﬂeeefre i I 580 hpdigaeist em

et an i ffaatn: %T'éé%’%%%e%“feee?ﬁeﬁr 2 matching

-result of a registered reference image in a second embodiment;

. FIG. 15 is a diagram sh‘owing a concrete example of update of a

reference image matching result in a second embodiment;

FIG. 16 is a block diagram showing a configuration of an image

‘matching system according to a third embodiment of the present invention;

‘FIG. 17 is a flow chart showing operation coriducted at the time of

matching ina third embodiment;

FIG. 18is a diagram showing concrete examples of a reference

three dlmensmnal object model in a third embodiment;

~.FIG. 19 is a diagram showing a concrete example of a reference

' . image matching result in a third embodiment;

FIG.20is a block d1agram showing a conﬁguratlon of an 1mage

matchmg system accord_mg to a fourth embochment of the present 1nvent10n,

18
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10, an inmage generation section 30, an inmage matching
section 40, a result 25 matching section 60, a 9ﬁﬁmh@2007
di spl ay section 80, a reference i mage storage section
70, a representative three-dinensional object node
storage section 20, and a reference image matching
result storage section 50. 19 9 January 2007
Representative three-di mensional object nodels

(thr egadbiggsi ﬂgt@lchﬁﬂaﬁﬁﬁviﬁ o;ﬁ@rgt%r? c?ﬂgué %étattrt?rﬁ tifle of

obj ect surfac are previots regis ere

thf @PARSENE SR AVEhib 6L fasimm gfa tgﬁa g A9e

section 20. Thé three-dinensi on | ec s can

be gENE! 8L &8 afow! éhﬂﬂ: sHo¥inB%pERtfon @oéducted at the time of
t hree-di nensi onal shape neasurenent apparatus .

refdesitdel inethd Fegletparien én aHoLei e BBRIrkEhE;0n Lai d- Open
No. 2001-12925 or an apparatus that reconstructs a

t hr eE1@i 2@ ishdiodk diagpemf slomiaghl sorfidirktdh dMBORSage
pi cked up with a |arge nunber of canmeras and that |s

mateking dystemractaphing $e aHiftk einbofiimlent af ithe pkedetht (ihﬁéhtlon,
No. 9-91436. 10 As shown in FIG 27, the
t hr eBlGi ki dloat cluvjt shbwimg ebetmpacaithmte Pt xhe Vime df
and a texture T(XR G B) in a three-dinensional space
matehing in g fifthemh Odj@]l@lit surface, as information. Q
repr nts. an index of a point on the object surface,
and r%”swoeb dehesmlo.sglaw&g afcoafiguirationof an)image

ai ned ecting. a_point_on the object surface
magﬁ%lsgaysm AECOL, 3’.%?? Agishambodimeniooftbsinaesent invention;

Y i 4Bt ot gosBeasar Bumiimicer
| d I
maé,@ie&%?aesé%% F%Eﬁs%%@%%twﬁ tBiaRemgel s and
oy R S B & bt
thrg%ﬁgﬁﬁnglghai g?eg%% 120 The i mage gener ation section

gener at es urali'ty of conparison imges close
i t
oI @8“?%8@0?%3%?2%%%%% il Bk LARHS oPBh IS
n:l RS SPALhT heRr@ihd fifa (Q:a%ﬁg dc%%vé%if'}bﬁﬁi gécil ﬁ‘?‘% Vfhd

t hr ee-di nensi onal "obje al ne
FiG.291is a dlagram showmg a concrete example of a partial region

ofa second conventional technlque
- BEST MODE FOR GARRYING OUT THE INVENTION
Hereafter, embodiments of the present invention Wlll be described in
deta11 with reference to the drawings.
With reference to FIG. 1, an image matching system accor_ding to a
first embod_iment of the present invention includes an.im'age input section

10, an image generation section 30, an image matching section 40, a reSult

.matchlng section 60, a result dlsplay section 80, a reference 1mage storage

sect1on 70 a representat1ve three-dimensional obJect model storage sectlon'-

20, and a reference image matching result storage sectzon 50.
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representative three-dimensional object nodel storage

section 20. Here, the 25 generation of the comprhhs9R007

image close in illumnation condition to the i nput

i mage can be inplenented by conducting coordinate

conversion on a basic inmage group obtai ned beforehand

on the basis of the supposed pose 20 9 January 2007

condition and obtaining coefficients of a |inear sum

by URLPEbsbREsth i 89 (TREE dilE nsi

Y nene P ey E e MBI AP RS (AREF iBnsional
sha@l sl hgdRs GRAMBLAIRE of t ' LR Wy r€ki

technidclq!ﬁ% for generat iong ggso&ngggrhggjo%% I'ege C %gégltsgered
in tHierdppsintativeBEfed-ARAR AN A 618 EBEEIE ot

nmodel is described in, fornexa fe,_ "Fapgﬁﬁaggﬁﬁﬁbzo'The
thresidigendiodmhbbject aiddets bon befgehefattealﬂyumiﬂ?t fo?xample, a

condition and pose," Technical Report o he
threesiimiensibnal sEhpe bie2Ruesmehp fagfl)ﬁ?dtlu@ Me8fidbed in Japanese

Communi cati on Engi neers, Vol. 101, No. 524,

- PateRrMA(0icatioa-1aif-QRad No. 2000: 18385644 arilagfﬁmmﬁahst

mat chi ng section 40 estinmates the pose by conpari ng
recepiruttsputhresuljmenisicuial ethape drom keplumality ofipuigesgsicked up
.10 with each of - conparison i mages obtained fromthe
withfalpaee awarbar of easwmres emd3that is desorilad g @p siase| Pationy

etvveenLt_he i nput image and each of the conparison
Apl?i%ﬁilé a¥Oser Na.i%9143@onpari son i mage having t he

greatest sim ity for 15 each object. The jnmage
gen 2%%%% 0 % 3{}0 3¥8@1€’aﬂﬂ‘eﬁ Hemensipaiakebiast mepded d@isen

eSS bRl LTSS WIBOE Lol R L0e,

2 of 3520505 OB DR Bloree T el erence I mage as the L
o SR S BB 02k ol et
by RERH R o B0 B 1R TP RO
RS L TR TS S s
of niWERRNN CPImESS for learning under various illumination conditions
are previously generated by using three-dimensional object models and
computer graphics, and a basic image group is derived by conducting
principal component anéljrsis 0;1 the CG images for learning. |

The image generation section 80 generates a plurality of comparison

images qlose in ilumination condition to an input image obtained from the

- image input section 10, while supposing a pose condition on the basis of a.

representative three-dimensional object model obtained from the

~representative three-dimensional object model storage section 20. Her.é-,__i.:he_

generation of the comparison image close in illumination condition to the

. input image can be implemented by conducting coordinate conversion on a

basic ima_ge group obtainéd beforehand on the _basi_s of the Supposéd pose
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I nput i nmage obtained fromthe inmage input section 10
conducted by the 25 image generation section 30 mfary 2007
the i mage mat ching section 40 with the matching

result of each reference inmage in the reference inmage

mat ching result storage section 50, and extracts
reference images having simlar 21 9 January 2007

mat ching results, in the descending order of the

coﬁd;@fobaaﬁh& éfbta-{lql?zﬁr c%%?%(t,al & S&S-?Ila #n ‘{U%l%f Byl %@%@%&ﬂgn

obj ect havin

Sglﬁ@ﬁ-}%‘eth&@é@é@ B B 1BGRS léfﬂ%g ro? tfl alc RIS I%?'b}'eec(tjed to

|rrageso an ObjeCt to re rlev are r

thd ébdrﬁﬁldtéfcﬁﬁ%h“sﬁ‘oﬂ 8189@ t5 tRE ?lgﬁutsﬁ‘ﬁé ©n 70. As for the

ref erence i mages, there are resttictions to the
| NpUuA teeinsliuedBr Eowdrad{ga tcaﬁlp'aﬂsﬁﬁhﬁﬁtg*e‘c%bs%% #heSfput
At |l east one inage is registered every ] e
im{gefioneyled tietde}detensichdlldbjartithyddfis HSQJM@tme@xample
t hr ee- di nensi onal object nodels are 10 stored in the
“Facepnetshihguisirey 4litozeatdé oRmsLHcRbf BHjettumBitlionsécdeen
secti on 20. Ceneral operation of the first enbodi nment
andvpbse,hBecleicabBepotied tha Indtitwiel of Blebtroaices Bifoembation and
FIG 1 and a flow chart shown in FIG 2. At the tine

Communigation Bagineersc Nohgl01aNo.rf24; PRMYQ0D3- 153-417518001),

obt ai ned by the input inmage section 10 (step 100 in

Pp. Ifl9d5 2). Subsequently, the image generation section

therat es conparison i mages that are close in the
| nputhcBRAge matchingsestion i) pimatasd hie osaibyaeonupariog the

. coO arl son | nages that
inphf)Snpgb abtaigs &Eﬁg}mehﬁ lmageﬁﬁpegsemon aatiheath of he

Wx}r esentativ nsj onal object nodels stored
COMRBATIFOD BAgES, P% hiRREBIRATEFORALCHER ek

st or age ction Step.101 The .
cal et S ﬂ%ﬁb%v Briihe BpRE imase 9@&%@? e compgison
1maFE§g§%(gg egﬁﬁg- &so ha?rgéoo rgag% ggald}ré? e r%gteﬁ: s1m2t)ar1ty for
eacﬁ'oﬁ}elc@._r ity between the matching result and a

The image generation section 30 and the image matching section 40

handles each of the reference images stored i in the reference image storage

~section 70 serving as a database (DB) that stores reference images as the

1nput image and matches representative three-dimensional object models

stored in the representative three-dimensional object model storage section
20 with each of the reference images. Results obtained by the matching are
previonsly stored in the reference -image matching result storage section 50.

- The result matching section 60 compares a result of matching of the

- input image obtained from the image input section 10 conducted by 'the '

1mage generatlon section 30 and the image matchmg sect1on 40 Wlth the

"~ matching result of each reference i image in the reference image matchmg

- result storage section 50, and e,xtracts reference i images having s;mllar :
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mat ching result of each of the reference i mage stored
in the reference image 25 matching result storagRnuary 2007
section 50, and extracts reference i nages having
simlar matching results, in the descendi ng order of
the simlarity (step 103). Finally, a reference inmage
having high simlarity is displayed (step 104). 22 9
January 2007 Effects of the first enbodi nent- which
. fi ' ' J al escribed
et e G S g e mre
. i : . , s co | _
sy, FRYORK A i BB Bh P R Gren AR By a0 0
matfinkHREGlt. S 1 mage and the representative
t.hree- di nensi onal object nodels with a result of

mat CRéfaerketi s'WhRheNeaw @IS A0Fal Mages of an object to

representative three di nensional object m)deel s. Eveén
be wWhelevodlaye 28gisteredriante ref@efcOimags Brhge RESHS 707 As for
reference i mages are present every objecg, t herefore,
therefercane bnagesgbere are he redtirictRviedowhblinp a6 Beeditioa an
i nput i mage of an object picked 10 up under a
incHidifig the illwnmiitiowandqguser At baast bae jasgeandegistered every
dllumnpation. The present enbodiment has a
objeatr{retyioval Febjech). whi ch i mage matching i s conducted by
conducting matching with representative three-

di rreﬁqnhmglty obrennesemidive thiveeidimensioasd obfexh mutslebs axe
and. conducting simlarity calculation on_the results
StOEﬂ%_mﬁgerﬁ&Pm%atWﬁ itrepaftizeensignalighjeet mpdohstorage section
possible. Since the tine taken for the simlarity
20.cal cul ation of matchi ng results is shorter than the

T S Rk SE TR0 ot By b S BrabdT
ao b B e ) BBl B ST 2L
PR e
oSBTl A8 et Yo AgVEMOIR s b2 AASCRUETY

| the ti]!ﬁ%g@ eHhEBAR PP E GhndRIEL cHiPeFRLE Qmia%eé Bfiad fR980se

in the input condition such as the pose and illumination to the inpﬁt image,
1.e., comparison images that facilitate comparison, with respect to each of

the representative three-dimensional object models stored in the

representative three-dimensional object model storage section 20 (step 101).

' The image matching section 40 finds similarity between the input

image and each of the comparison images (step 102). The result matching .

- section 60 calculates a similarity between the matching result and a

- . matching result of each of the reference image stbi'ed in the refereﬁce image.

25

matching result storage section 50, and extracts i.;e'fére‘ncé images havmg S

similar matching results, in the descending order of the similarity (step '-1_03)'. .

Fi'.'qally,r a réféfence image having high simil_arify is displajrea'(step 104),..- | -_ .
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generation section 30. Thus, retrieval can be

conducted with the nunber of times of natchi NQ Rguary 2007
small as 1/100 of that in the conventional technigue.

25 Operation of the first enbodinent. will now be
described wth reference to FIGS. 3 to 8 which show
concrete enbodi nents. 23 9 January 2007 As shown in

FIG 3, Nrepresentative three-di nensional object

nmodeEsfets dfithe fikst mbodimehl wiHih $h8%RE chifib(ition and
representative three-di nensional object nodel storage

whiele bperat@das AssaiimtnaboveRvE ndw M4 d&fceieace i nages Ri
(i =1, 2, ... M respectively of the objects are

st or FHe ifirst eimbodinesenies thiegm fgisiationda Whithi eferédcé A

plurality of reference inmages nmay be present for each
images ke witjieved by kompheiemna wesmglt b€ s tichin gofetwheweherinput

it is supposed that one reference inmage is stored
imageapd dbe sepresematiteothrepnlifie@sidnal abjees widdels with a result

(simlarity Si) of matching of each of the reference
of matehdne Retwpemrefarenceimagsstaatd the tepressntativashorel

obj ect %am)del is stqored in the reference inage '
di Mmatp ?—5‘%611? 8.Jevee Whea ondi o3 refsrepenimege oy agmall

IIP? hﬁnef reference|rragereg|strat|on (In FIG 5,
DUERET OHEREIRIG LOESGH AL RressatawRTY AbIeRb thexeforiirafprence

matter- of fact

lm‘a?ﬁr?%gc\r?- i) th’gleﬁ'%f!n Eﬂﬁh %’@gﬁfq anjppupunage phan johjach picked

up Bh8ELa %effer@?ﬁ 32&%#3%#4%3@?%’ B e it %ﬁ%@%m he
.np??lé PReLaPEEbbInd R by tBnbiglFa oy B i Bpleene

matcdiBee 1@@&%@1&%&0@/ l\%ﬁﬁ(&ﬁ&ﬂ}é %at@ﬁ{heq;‘% R%fﬁelg)ﬁg sg ﬁX? gggee-

I mges

dlnieﬁsi(ﬂi&lﬂ bbfeep ﬁidd'ege‘wi%,g{]a?eslﬁtsg &hBR3%; @éj ahll lcggb{f&%ﬁé) n

to the input 1 nma respec oeach

il
sim Q%ﬁ%ﬁﬁl%ﬂléﬁoﬁ %s%%@@@%ﬂ?@&lm&hﬁ;; &%Jk%s f&q (]

in the representative t nenS|ona

retridjad GlosSibR 1Si 8é0tIR08Am SHlenOfdr 8¢ %ﬁhﬁﬁr&? ula{hon of
addition, the image matching section
matshmg‘ pegullts iBGhorter than the time taken for the image matchlng, the
retrieval time depends on the number of image matching operations. For
exa.mple, if the number N of the representative three-dimensional object
models is N = M/100 where M is the number of objects (the number of
reference images), then the number of required imége matching_operdtions_
is L x N =L x M/100 where L is the number of comparison images for'e"ac.h’,

representative three-dimensional object model genei'ated in the image .

generation section 30. Thus, retrieval can be conducted with the number of

. times of m'atching as small as 1/ 100-0f that in the conventioﬁal techniqﬁe,

Operatlon of the first embodlment will now be descrlbed Wlth S

reference to FIGS 3to 8 whlch show concrete embodnnents '

23




10

15

20

25

G k) between the input image I (u, v) and each of the
conparison imges 25 G3k(u, v), and finds a nmeXiamusty 2007
simlarity Soi _= maxk S(I, G3iJ every representative '
t hr ee- di nensi onal object nodel (step 102). The

- matching results (simlarities) Soi becone, for
exanple, as showmn in FIG 7. 24 9 January 2007 The
result matching section 60 calculates a simlarity D

ot chi aC T T R R G AN EE e BRloc BT lolE

mdd@lsI Og(j =ef &1 encry) 'a@@%@oféﬁﬁﬁ%@%e@?@éé’ntt?ﬁ%@ gl‘g%ge I gféﬂs%]nal

and éxtracts reference im
obJ@éiﬁml‘od@f stoPggesiditionr a0, W Ah b i
(step 103) MgThe re)su It of thengwgcg?%pdbe%é{ﬁgém%geSR

(i =examl. eM)a&sﬁb&\Nel yof Hh&obﬁcts“ﬁrer SbEENEthd FBIYRSce image

having a high possibility of being an image of the

stosageesezbioact() @sphivality phiefer®oR, infl es% %'BQ p?@seﬁ{tefor each
obtained in the cited order. Fi naI e reference

of theeagerthdvi the drisging desdription, |Iﬁﬁvwee tiis plipyetd(tHRPne
104). 10 As the cal culation method of the siml arity

refqyepep Bnage iy stofed heerynabjett)ng result, normalized
correlation, rank correlation, or the i ke can be
used\s shawn inE1Gobr 2 resuld fsibsilaxity 8patfimatching afeldro
precedence of the, matching result. Denoting the

the c,rsteﬁpa%ﬁ BnpgesRiquitbdhefrepresematine flyracedimensisuil afiect

|nut|rra by Aoj, it follows that Ao,2 = 1, Ao, 5
mo‘m% idf étOASd 3n %ﬁ% T?ff@r%?et mageBatehingresnlitstonagy seetiont50

shown ting candi date precedence of the
by RF&F%W%&F t@m@es?r&?er@geﬁ B pewrerdion o fidgbo iy
exa e ear n' nk c rrel gti,on an
matfhbg pectliscAR O et RB e PREs a5k Sim Gprity.
RO o B B B 480
mchéq)qductlng vari abl e conversion on the variabl es (such
as So;, Sid and Aoi, Alj). The simlarities may be

G slhonls PRI IR B AL Ui

B ST e e e
image (step 100 in FIG. 2). Subsequently, the image generation section 30
generates L comparison images Gu(w, v) =1, ..., N, k=1, ..., L) which afe
close in input condition such as'the pose and illumination to the input image,
with respect to each of the representative three'dimensional_ object modele '
G G=1, ey N) in the representativ'e three-dimensional object model storage
section 20 (step 101) | | o

In. ad.d1t1on the image matching sectlon 40 finds a s1m11ar1ty S(I

- Gy between the input image I(u v) and each of the comparison 1mages -

G;k(u v), and finds a maximum s1m11ar1ty Soj.= max Sa, G every
representative three- d1mensmna1 ob_]ect model (step 102) The matchlng

results (81m11ar1t1es) Soj become for example as shown in FIG 7.
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_ 1/ (AQ*AIj) and replacing the simlarities Sod and

Sij respectively by 25 So3/(Ag+AU) and Si; [/ (AoSkhid).2007

The simlarities. may be cal culated with | ow

precedence candi dates excluded. 25 9 January 2007 An

I mage mat chi ng system according to a second enbodi nment

of the present invention will now be described with

reference to FIGS. 9 to 15. An inmge matchi ng system

accoflhengstilt mhtcling eactieiBodal@hterfla tihelAesPHE D(Se, Sy)

i nvention includes an image input section 10, an inmage
betwnen thé aratskitg weull S andrthiemageching ebéuly Syef ehcin ofithe

a result matching section 60, a result display

- refegen¢eoim 8es ia thefrefenenee image mbtwhige readt swragdsedion 50,

reference image . registration section 75, a
andegxteacda u‘eﬂerelecet ma%dnrtélesiasnandmgj @der nbthet sinslaritgB; of
section 20, é& i mensi onal obj ect nodel
the matching resulisisten 383)2 he resplif off thecxtraniipn becootesn fpr

esuyl t sorage tion 50, and a reference i mage 10 .
exﬁ’é’@i@n%ﬁgs Lédﬁtés seforeure oaganhavisgre high passihility

s. obt ai ned b addi n the reference. inag
of t’%ﬁ‘igsaﬂ HPRSH Ogﬂa Same phject g8 thgippuy Fﬁféﬁ%ve%h Rs 23] Bepre

and the ref

obffREEA Hh g Bt i, BRI e e Rt gk °

siribAN P U ieveet (fad 103, iﬂ?ﬁg' Syt enm accor di ng to

e e AR R AR b LR DRSS T oo

N e

usé BT FAE Q1SRG onOR cﬁﬁ*eﬁ&ﬁbﬁ to?rcﬁngfﬂa% ‘fYre%edlenzze of the

representative three-dl nensional

et Bhig 18 TRN Deddfh ]gt%@ cahapetefp raee&&ﬂce%tf tB8dnatchid Wit

on.the object surtace) in the represent ative

~ Sojtolfthe i weEins ey A@}Qhﬁf@ﬂlomdﬂat%&fﬁqeiﬁﬁﬁtz QRd A3 = 3in

When at the t| me of registration a representative
the duseafdhoensichirgg resubi leowARa G 7. TR o irRy @ﬁldlﬂ&fd‘e

. representative three-di nensional object
precedence of the matching result Sy of each of the reference images by Ay, -
for example, the Spearman’s rank correlation can be obtained according to
the expression 1 * 62 j(AoAy)2{N(N2-1)}.

In the similarity calculation, the similarities may be calculated after

- conducting variable conversion on the variables (such as So;, Sj and Ag;, Ay).

The similarities may be calculated by weighting variables with weights g(Ao;,

Ay) based on the candidate precedence Ag; and/or Aj. For example, specific

gravities of high precedehce‘ candidates become great by setting g(Ag;, Ay) =
1/(Agi+As) and replacmg the s11mlar1t1es Soj and SIJ respectively by
SUJI(AUJ+A1]) and Si; /(Ag+As). The similarities may he calculated with low

precedence cand1dates excluded.
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nodel storage section 20 by the three-di nensiona
obj ect nodel 25, and 25 when a reference inage 9 Rnuary 2007
registered in the reference i mage storage section 70
by the reference image registration section 75, the
reference image matching result updaté section 55
conducts matchi ng operation on a 26 9 January 2007
conmbi nation of a new reference i mage and a
repr [ i_nensional obj ect deb Y USi
{ho ElT R L Sy P AR P0le (A SRlon P iEho et dlEe
Jehe '- " g

pr %&t%?ﬁs{ﬁél? Bo®Phe &Q&rﬁaﬁﬁ%&ﬁh rgfeclijﬁlhﬁéé E? g‘gﬁﬁ?@ttg Risng

to data i reference 1 nmage ma

. im§é@ﬁﬁ9&1iﬁg%ﬁz‘s%hn5agcor'§liff€ € ERd Séc%giggegﬂég%%ﬁ%afﬁgﬁ Prb it

section 75 fegisters reference
invieWbiofl i ABINEES B inh ARORD 1R TseioPRDEL i b i
in the reference 1 mge sS?orlageO’sg%tll oﬁg%&%%ﬂlﬁrggﬁthog

30,r:af RAERCMAltERigRSsectiBarHD, anesiR miRHihk ShE9NS 6D 0a bhSILL
I nput condition including the illumnation and pose.
display deetish 80N e ref@@ect SmbegEtirake de@YM YOORIrEference image
(retrieval subject). 10 By the way, the
registrateordsentivgl Ghcd refjesentativdaihréedimehaional obfeet hvdel
25 is the same as the three-di nensional object nodel
storaggissciion 20n adbreé-dimpbsional ohjectsmodabregistrationaeation 25,
t echni que shown in FIG_28. Representative
a refereage dmaga shatrhing ppsdt stordgt seasinabOeand naefdtence image
égggee- di nensi onal opject nodel registration section
matehing resylieupdaty seckion & This corfigemtioris chtainedsy adding
ee- di mensi ongl obj ect nodel storage section 20.

the g EPie ‘SrgarsBiratiopfecer drdthmbogerdimensionalebiedse
modH] S RERiau Sockiom £ ol therfeforanca imaggcratabone rosult
oo SR HBP B S Db bRy | 120°
3 AR AT e B e b

seco@@ﬁ@?ﬂn@ﬁﬁé@%&?ﬁ? llﬁle isra%%eassﬁl%tsia 9 thd f‘rsé{: E&b%(a?méﬂ )
description will be omitted. The components added in the present
embodiment will be described.

The three-dimensional object model registration section 25 _registefs
a new representative three-dimensional object model {a three-dimerisional
Shape of an object and a texture on the object surface) in the representative
three-dimensional object model stoi‘age section 20. - |

When at the time of registration a representative three-dimensional

objecf model is registered in the representative three-dimensional object

_ model'stor_age section 20 by the three-dimensional object model 25, and

when a reference image is registered in the reference image storage section

- ._70_'by the reference image registration section 75, the reference image

matchi'ng result update section 55 conducts mat‘c'hing operation on a -
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90

the i mage generation section 30 generates conparison

i mages that are close 25 in the input conditi 0y RidGdty 2007
as the pose and illumnation to the input inmage,

i.e., conmparison inmages that facilitate conpari son,

with respect to each of 27 9 January 2007 the
representative three-di nensi onal object nodels stored

in the representative three-di nensi onal object nodel

corfhBeRR T bR TelTehid fhagt Ahd sanies RHE B rage
X . h A i 102),. T
dinfit aﬁ?aﬁ%g?%%ﬁﬁéd%%?é’@%l‘fﬂ%&?@b%‘é%%ﬂ@%i o 3tion ey the
i BRSO AL ol 3 ARSI 8 o e
reféx%geé ﬁﬂage ﬁm&ggﬁsﬂﬂ Q@)rﬁ%@%éﬁieﬁf §6.age section 50,

an extracts reeencelrrags aV|ng S|mlar rratchlng

I eS Ut eSyefbfbrich ‘inﬁ%%%gg‘t 18 8&tidd 75 ?@ﬁi%fépslr@fér& ce
(step 103). FinallYy, reference 1 nage having hig
imzgeRwldth e bW ol isi i Ath] itthdeS bERAnddct RS RithigPed, in the

conducted at the tinme of representative
refdrbneeith @ Borapekect®dll f0! AsBsiethe @b reinca imdiFedthere are no
operation conducted at the tinme of reference inmage
restragicsisrtattheinpiit tomdivioneindhsting the illdnihidoh iaid [fse. At
representative three-di mensi onal object nodel (a 15
leasthmed i gesis v gishitreshapey objerh (mtrieohl sulsjeat)t ext ure on
the object surface) registration, the
t hr &y-tiereay, thedihresidimensiotol objegt vtadal registediongectibn
first registers a new representative _
25 18 the sagienantieothaee shmensionsd objach nddel registxsdin sackive 25
) hr ee- di nensi gnal _ obj ect nodel storage section 20
n tfl%ﬁwnﬁwnvﬁﬁtlpp@l texdynique sy an Jdkt. 138, Repaesaatativece

55 sends each of

[ e matching result update section ]
‘thrqerdiensio Jf?%@@ée@tﬂgwawﬂrfr@méheéﬂ@e%ﬁdé@enﬁa@gél object
' (felioréa_]g sectigin 70.to the.i e input section 10 as
moqg) ge gﬁ?ttl%%?& 0D ATEPEGVE storsgdntheasprepenialive

updat e sectii ogn 55 conduct s mat chi in the i mge
threr?a%gh‘?q'?éoréaéa%ﬂ Iﬂ@‘?ao?%o%?eﬁ&o%l%' ref erence i nages
Wt &e88%%$e§;9{ion of the second embodiment will now be described:

- in detail with reference to FIG. 9 and flow charts shown in FIGS. 2, 10 and

11.

Operation conducted at the time of matching of the inpuf image is

_completely the same as the operation of the first embodiment shown in FIG.

2.

At the time of input image matching, an input image is first

obtained by the input image section 10 (stép 100 in FIG 9). Subsequently,

. the image generation section 30 generates comparison images that are close

25

in the input cbndition,s_uc'h as the pose and illumination to the inpiit image,

' _.i.e., comparison images that facilitate comparison, with respect to each of

27
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25 i mages generated by the image generation section 30

on the basis of the registered representative 9 January2007
t hr ee- di nensi onal object nodel, and finds a

simlarity (step 201).. Finally, the reference inmage

mat chi ng result update 28 9 January 2007 section 55

adds a result of the matching to each of the matching
results of the reference inmmages stored in the

o 5135508 V30 LD ey LR g b 0
s S804 M HDR 68058t RO Bk AR B0 g 100

: _ IR .
e e g e 30 BB
imA&SHh ¢4PHRF ehé ESthpSAsor PmBERE Esthbp elOQﬁﬂe%Es%h% %%@n}&g

registered in the reference i nage storage sec
sectiont 6(Bcdl08hed ARUiIAEET bebwdén 8Re MIRchiRUesh B tHde

reference 10 i mage matching result update section 55
matehidgabsultef ehtl of thdrdfefer cetigth gclREGRUNTY theGEi3endd,
~of the reference image with conparison images
imageneaatiao gy st atorage segioe 58, hal cxeictOrefdfbie iltges

basis of the representative three-dinensional object
havingeimiapmeatching reeultspiretlen tasdevding brdee-ofithe sihilnaity
obj ect _nodel storage section 20, and finds
(step; iﬂ?r aFinalls ai®fgrenep ity havinghigh sintidaritf v displryed

i ma mat chi ng result update section 55 adds a result
(Ste@fug‘ﬁe mat ching to the reference i mnage matchi ng result

storage sectiqon 50 (step 212). Effects of the second

enbdiperakiongendrcisdatithe tiwerofyeprescotativeithreer dimensional

b.e%%era S as descr%’g&d aboye wi ||l now be described. 20
objep dneqed JREISETRINN fet praradiomeondiied at e sime af vaiprance

o et T Sar A SR % D comar g & resul
tati th - di [ . obj t del 1

oSS eyl el onel o ccL el < AT,

B 4t S5 SR I AR

registration, the three-dimensional object model registration section 25 first

- registers a new representative three-dimensional object model in the |

representative three-dimensional object model storage section 20 (step 200

in FIG. 10).

Subsequently, the reference image matching result update section | ,

55 sends each of the reference images stored in the reference image storage

- section 70 to the image i'nput' section. 10 as the input image. The reference

image matching result update section 55 conducts matching, in the image

- matching section 40, of each of the reference images with comparison

images generated by the image generation section 30 on the basis of thré[ E

registered representative three-dimensional object model, and findsa =~~~

. similarity (step 201). Finally, the refere_nce image matching result up(iaté
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25 nunber of reference i mages are present every

object, therefore, reference inmmges can be ret9isues 2007

with respect to an input inmage of an object picked up

under a different condition concerning the pose and

illumnation. 29 9 January 2007 The present

enbodi nent has a configuration in which i mage nmat chi ng

i s conducted by conducting matching with

[ - _di.mensi pnal ;ohj.ect el s whi.ch

seck O F2 8005k B 38 BE nfROY Bl oy B imaTng gt of

AR RO 1 SRl e g TS

ast 5 retrreva

section 50 (Gtéppod)y calculation of matching results is
shorter than the tinme taken for the inmage matching,

the Af g tifdadf feFdRRnEE PAAPS 1l sf%%idl?l;ﬂ @?ﬁ E‘eféi‘%%fﬁﬁ?%f

mat chi ng operations. For ~“exa e nu

regidteation et A6 iyt FdpifRrs b TRAS rORAnRIEe inhnﬂféeﬂez%fg‘rﬁce

N = M 100 where Mis the nunber of objects (the nu

imagfe dtoragf eceinae/0 @ogegl0 ih R, tthe nunber of required
i mage matching operations is L x N=L x M100 where

L i Sulisequemtiyrthefrefaenas inage ni@ghing sssi@BePdate section
representative three-di nensi onal object node
55 gpavlsr thegefaranchimapmpegisprad intthe refoeendeoiin & sthhage
retrieval can be conducted with the nunber of tines
sectaen fRiterhadmage dnpht serdiol 10@s dhe ihpat imagdh&he reference

. conventional technique. 15 %)erati on of the second

ImaggiyBat regult undepepzectiondyy euuluets matekine; émthe image
cgncret e, enbodi nﬁnts ~As shown in FIG 3, N

matching seation: 40, of the seforeneeimagnwidbianparisoihege (j
= Jt % 82% are stored i.n the representative

geneygted by, the ilmags genesation seqkior BOgnothedeasieef tha 20 in

oo B i SRR . 2 i
three Bl Ricte it Foveie 22308 70 GaiitindSemiatioy
e TR B 5 S5 FER ol et o
addg Pt o PO PR e AR Bl et RibE e SPH AR
section 50 (step 212). S

Effects of the second embodiment which has the configuration and
which operates as described above will now be described.

The second embodiment has the configuration in which reference

images are retrieved by comparing a result of matching betwee:i the input |
image and the representative three-dimensional object models with a result
‘o_f matching between reference images and the representative three-

- dimensional object models. Even when only one reference image or a-small -

number of reference images are present every object, therefore, reference.

- images can be retrieved with respect to an input image of an object picked C

-+ -up under a different condition concerning the pose and illumination.

29
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25 reference inmage registration. It is supposed that

an input image |I(u, v) as shown in FIG 6 is oblaatsaed007

by the image i nput section 10 at the tinme of matching

of the input 30 9 January 2007 image (step 100 in

FIG 2). Subsequently, the inmage generation section 30

generates L conparison imges Gk(u, v) (j =1, ... ,

N, k=1, ... , L) which are close in input condition

suc il um ion.to. the i t. i mage,
hTﬁtg g&‘&eerﬂ%%?b@dl%e&t }{Létg] L8 %lgrgﬁ ogtxinvvgﬁpcﬂ image

with respect to eac e rep

eae-dl I . . = ey .
el R 38 C IR Ly AR Rlchie Wit keiiehontatiyer ke
dinsé104 398 olSE&T ; st imge
T e L2 P h38e 10 tho Pt g boriint™
sinfikirigeshlthie tionrit thmwﬂs(df,thg)mgfbgiﬁgmgfmm fast
conmparison inmages G k(u, v), and finds a naxi mum
retsibval podsible SBince thextkmSthkeFfl tHRVAMIlaYy calculation of
representative three-di nensional object nodel (step
maididpg ¥ty shioner thaastid Hn{eStdkiendor the $tha 0 im ARRME the
for exanple, as shown in FIG 7. The result matching
retyevali tomeslepealds wnathesnwnber af ihags nlAtchny dRiratihy. For
between the matching result Sod and the matching ‘
examel f $heinimben Neofitbe eeprasenta i tisreerdintem siefad robjue
| mage_matchi ng result storage section 50, and 15
modsls 15N 5 Md08rehere Muagbe numberotidyeets dthgnumber off
the simlarity D of the matching result (step 103).
refeppmce Haages) othamhesnumber pﬁnem@grma% sratchingneperatians

. ~Sshown_in_E . 8. .reference i mages having a high

18 Ldbgﬁ‘?ﬂf X iM{l%Od’Fﬁ%ﬁAﬁ ds the nHEmher of compazisen 1aHizes fomeach
the jnput .image, R, R and R2 are obtained.in the

oD RO oS R Sjonal DI 6 Fao Gl B nPRRIGdnH AR RS SR gh

oA AT RS A g o
Rt L BT .

1 opPBRENigh ol e e ERAARARHEAR w DR Bl ol gt

refeAdd@aADeon Bt P BSHitdbnt e

As shown in FIG. 3, N representative three-dimensional object
models GG =1, 2, ..., N) are stored in t_hé representative three-dimensional
object model storage section 20'in the same way as the first embodiment. As

shown in FIG. 4, M reference imag,es' R1 G=1,2, .., M) of the objects are

‘stored in the reference image storage section 70. As shown in FIG. 5, a

result (similarity Si) of matching of each reference image R; with the
representative thre'e-'dimensional'object model Cj is stored in the reference

image _matching result storage section 50 by processing at the time of =

-reference image registration.

It is supposed that an input image_ I(u, v) as shown in FIG. 6 is

obtained by the.image'_ inp'ut'_sectioh 10 at the time‘ofmai.:cll,ling of the input_ f' o

30




25 representative three-di nensi onal object nodel

storage section 20, the three- dinensional objeZlanuary 2007
nodel registration section 25 registers a new
fifty-first representative three-di nensional object
nodel C5i (step 200 in FIG 10). 31 9 January 2007
Subsequently, the reference i mage nmatching result

updat e section 55 sends each reference inage R stored

sl 08y HOFRORRS TSR 95 R Bin s

hé& 'd{?&ﬁ, j 1 qupdae secti o :
gecorz]%%%]t‘.lgc% r%‘%c mgfﬂgéé:%h(g’g g{’aigﬁ% rléf'éréﬁc]:{e ﬁh‘é‘g’g‘ %l%hl(:h are
clogé iR idhe srdiaba'REn", VB Eicd! (TR ; ;
obj eétﬂlgcodel 51 S%shggﬁ%g%tgﬁéabﬁalgg%ﬁéﬁz}oa | ongslggﬁjlC onee
wilDraipect fifedFPERthe b EENATa (T6E Lh U2 41
Si rﬁpari ty S;,51 r?ax_l&z S(e_R; a %Fh%é 2’%%%19%%11 . _Fﬁlg&ibls
Cj (et Thi.nNY sthd rdprbsadtative Xhred-dfhe PE6AREShjeéOfhodel storage
exanpl e, as showmn 10 in FIG 12. Finally, "as shown in
secElof. 20 &tepp 161).ef erence i mage matching result update
section 55 adds the matching result to the matching
r es ulnt additione shé imbgb eatehirgr @rtien 4B ads stamebrity S(e
reference image matching result storage section 50
ijl betayeezothe inptuttie gei e, Wfandedsthenitthel comgearison images
gistration, the reference inage 15 registration

e
- Gilp Wi ondl Fmdsiar mxaxingios sienaritynSw =t ey SHE Cjrevgey i n

10

15

20

925

the reference _image storage section 70. If M=100

represeataiive thragsdinensiona duenf medpldstape02). Ahermpatching

reference . i.n torage, section 70, the reference
| res}lﬁﬁg%l 1g1g5§§qj gﬁcor@;%&lr erample, e shosyw i FRGw7 hundr ed

firgt, reference inmage R oi_in ttie ref.erence i nmage

st or ere§@ift chigeg(seciapn f’%’lai“ﬁl pag sipijarifies Di = D(Soj, Sy)
beofHaR IH Bt ing Pslf 55 aEy e e R BRces A Ss oRt Bt reforence
imdg9 4 K6 Fe ol int 6 BENGRe TR 0T S dteipetion Al @ndThe

oxl L EE88R RAG TS B8 LB PR By SR o e

conduct's

| mateffll fé&h?@(ﬁéﬂq@%)m re%kaj[tec&{thgoeqﬂag%onsﬁgcro%ldesi, Bt €
._example, as shown in FIG. 8. As reference images having a high possibility

- of being an image of the same object as the input image, R1, Rs and Rz are

obtained j.n the cited order. Firfally, the reference iniages having high

_similarities are displayed (step 104).

At the time of representative three-dimensional object model

registration, t_he three-dimensional object model registration section 25 first

registers a new representative three-dimensional object model. If N=50
. 'repfesentativ‘_e three-dimensional object models are already registered in the
- representative th;‘ee-dimensiohal object model storage séétion 20, the three: N

-'_:_dim_ens_ion_al object model registratidn sec{:ioﬁ'z_ﬁ régistefs a new ﬁfty-ﬁr_st_

representative-th_ree-dimensi’onalr bbject model Cs1 (step 200 in FIG. 10).

St
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25 representative three-di nensi onal object nodel
storage section 20 by using the inage gener ati®nuary 2007
section 30 and the inage matching section 40, and
finds each simlarity Sioij = maxkS(R oi, G3k) (step
211). 32 9 January 2007 The matching result
(simlarity) becones, for exanple, as shown in FIG
14. Finally, the reference i mage mat chi ng result
‘upd ' he mat chi resul it t he ..
o s ShRGSERS, i rfEht AR R}k FEUL wfale estion
. , i s rdin a
55 P feEilofonal s IROR TRR ARSI ROGH Prale e
secliPRTC BFthe MR Bops tht ol TORIANES A B, s roffygite
imBEL R Rig ot ' i f i ,
A eIe oyt Pt SFLARIE 07 DR Rk mAtRABE BRAN cach
reférioRGE iHABE T SiEH tBE £ Ji8Rr8Q repfbde NBASvIEH B! dith e1REdr AN
40, a result matching section 60, a second I nage
objggnabasl ©f eedihgthd Image YRB@Nkioh BBGRHBY 6AINGe image -
section 41, a result display section 80, a reference
mataingg sectior 40caskiihiloeadl sirilaeiy S ont adyS(R;, G (step
t hr ee- di nensi onal object nodel storage section 20, a
201 ef erence i mage matching result storage section 50,
and a 15 reference three-di nensi onal object nodel
st orBgemetchingmesult (Sihudaritohenbedosnase i oxampeleate shewn
. described below. The inmage input section 10, the
in Klfpy de. fenallntasahogarin BRG303, thecrdfenegee nmaghimatching
ction 40, the result matching section 60, the result

res‘a%é}mdé‘yf/e seetiqropd adds the matehierrsalt traldhe matehigs results of

egtjon 70, and the representative three 20 .
eadg Pﬁga%if EEnCSHMAeS shked @tfgw%@éer@@é@ 1Bage maishengresult

' t he sane cessi as the processing conducted in
Stor?ﬁgspf’ftlg?%bgﬁfﬁgisér@ﬂt of the present invention shown

[ Rl, . R t.h - di j.onal. obj.ect nmodel s
RURE, W8 AN gt R s T R

| regigfr%'i:fo% ée%titoﬂe?g EIIS% E‘Sgl%%ertshs{ %gﬁvdxi'eggr%%icg ?I%la'ge in the reference

image storage section 70. If M=100 reference images are already registered

in the reference image storage section 70, the reference image registration

.section 75 registers a new hundred first reference image Rio1 in the

reference image storage section 70 (step 210 in FIG. 11).

Subsequently, the reference image matching result update section

55 sends the reference image Rio1 registered in the reference image storage

“section 70 to the image input section 10 as the input.i]nag‘e. The reference

ima'ge' matchi_ng result update section 55 conducts matching' of the reference

“image Rin with each three-dimehsio_nal object model C; stored in the

representative th_):eefdimensional'obj'ect'rniodel storage section 20 by using
the image generation section 30 and the image matchihg section 40, and~

finds each 'simﬂari_ty Sio15 = max_k-S(R-lm_', .ij).(s-tep 211).
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25 obj ect nodel storage section 21. The reference

t hree- di nensi onal obj ect nodel s can be gener at effaapary 2007
combi ning representative three-di mensional object

nodel s stored in the representative three-di nensiona

obj ect nodel 33 9 January 2007 storage section 20 on
the basis of information concerning the reference

i mge matching result registered in the reference

o og g aanli S bimPapligRfeafnls M Slmble bh ghowgin

FIGhe4! BfBARNERe | ré'fﬁﬂﬁlc@rlﬁn eemh@eﬁh u% 93 Qé/ctﬁm 58
nt appara e

t hr ee- di ménsi onal 5 shap€ measur e us 1n
addatiee waMcRihgREURRERe Q'Sfé%h&eﬂnaé@ LTS g%‘sﬂ_ﬁ storage
t hr ee- di nensi onal object nodel registrati

sectiones0 (gdbpreng).onal obj ect nodel s may be used. The
second i mage generation section 31 generates

conpAniismige mathésg symbmodcoedageto £ thidd inodiicht of the
such as the pose and illumnation 10 condition to the

- preseptiinvendipn will nowded desonibeleni datgd vithwefes@tdd FIGS. 16

for a reference inage that is a high precedence

to ¥hndi date in the matching results obtained fromthe
result matching section 60, on the basis of each of
t he Wilds vaferenge toFée. dbnan smmlmetqmng systdel according to

soc@ﬁge wth the reference |image obtained fromthe
thet}; adimenteoldhamngseriamventiontingludes astisragseinp1s

%E‘Ctl on 21. The secqond i mage_matchi ng section 41
SeCugh sy 88 image; &?’e@raﬁl%gectl%% e dmpep matehingegssion 40, a

oo R R e e on o Lok W
ey eﬁ‘é%ﬁt"ﬁ%&&%%@‘:“ el A1 GioriBlch Fefbncs 1mage
sto&%teaéectl%yae‘e feﬁfe%%{i thvef %lrn(?l}r.]?g(?ﬂa lfoﬁe&vg%egﬁto@ge
sect?bi£ 9P &Q'Q erdfide i z?ée ﬁ%g%lg]l%% re§ &Wto%zﬂ%elzs;egtlgn GoPhRd'd'®

same as 't e oper atTon

refe@é@é@tﬁf@@td;ﬁfeﬂ%naf objet nﬁ)del storage section 21.

These components nearly operate as described below.. The image

input section 10, the image generation section 30, the image matching

-section 40, the result matching section 60, the result display section 80, the

reference image '-storage section 70, and the representative three-
dimensional object model storage section 20 conduct the same processing as' '

the processing conducted in the first embodn:nent of the present 1nvent1on

shownin F IG 1 :

Reference three-dimensional obJect models associated with the

| reference 1mage are prev1ous1y stored in the reference three- dlmensmnal

object model storage sectlon 21. The reference three- dlmensmnal obJect

o "models can be generated by comblmng representative three dn:aensmnal

-obJect models stored in the representat1ve three d1men31onal ob;ect model
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25 The second i mage generation section 31 generates:
conpari son images that are close in input cond Iin@fry 2007
such as the pose and illum nation condition to the
i nput i nmage obtained fromthe inmage i nput section, for
a 34 9 January 2007 reference image that is a high
precedence candidate in the matching results obtained
fromthe result matching section 60, on the basis of
o408 _ _ i . o |
SR S i TR S L
Imagd AR08 ' | ' | :
R o E e T RO Focul
stosRgd sabiohl5E OPHthSed-OfnbABBhal HFEE mBRLR! TfelsaiB Sk38ct
I mage i nput section wth each of "the conparison | mages
as thy sefershet iomgehae yre oltiisiy B d Eb R bl iBRe SAThbABi0RA]
- and calculates each simlarity (step 112). Finally,
shapeemeaéereeras dpmgatieit the $i0b wymhd thd hbovesdedkPibed
di spl ayed (step 104). Effects of the third enbodi ment
repugdegitativg thiee-diondnsjomat dhjectanddelwhigidtrapen afhe s hase-
. described above will now be described. The third
dimensintiatehiech asodele megnbé ysediti on i n which the
reference three-dinensional object nodel generated by
contibs srgord pmese geaeration Bectione81 ¢enerates nanpabisent
. m)dejris is matched. Even when only one reference inmage
1mages spakarg Qig%%ily iyyiteqondition sueh ps the ppee enddllumigetion -

n b etrieved by usjng the reference X
°°n§ﬁ}%’efod{hf’eﬁ%“$ ﬁ%%agsmbé%%ne%rfa‘éﬂnsthewm&ger@@pé sectien 3f, for a
input. im f.. an object picked up.under _a different
rofer SR b8 Butlcis Al reneliyiiee sadia e b baannighing gesults

obtapd F b ARG R Bome S5t e Hhe bysta ot oast bt

ect

R SRR o 5o e s

- ima é%?%h@&%oxﬁ%@% fe'}?ﬂtggl: t%%rhélﬂa:eglg ra’ % gef%g%g%%eé storage

andi dates 1s conducte
sectidgipges can be retrieved at hi gh speed.

The second image matching section 41 compares the input image

obtained from the image input section 10 with each of the comparison

" -images obtained from the second image genération seetion 31, and

calculates each similarity.

General operation of the third embodiment will now be described in .

. ~detail with reference to FIG. 16 and a flow chart shown in FIG. 17 .

At the time Qf ihput image matching, steps 100, 101, 102 and 103

" shown in FIG. 17 are the same as the operation conducted in the first

“embodiment shown in FIG. 2.

The second image generation section 31 generates comparison

- images that are close in input condition such aS'the. pbse-aﬁd illumination

* condition to the,'input_image obtained from the image input section, fora
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25 Operation of the third enbodi nent will now be
described with reference to concrete enbodi memt gnuah 2007
9 January 2007 In the sane way as the.operation of

the first enbodi nent, representative three-di nensional
object nodels G (j =1, 2, ... , N) as shown in FIG

3 are stored in the representative three-di nensi onal

obj ect nodel storage section 20. Reference inages Ri

refblonts ime it o MERRRBGHeNe KBl iRe kB oot

SRS EG Lo MLy L Tl ot

I ng

refé i 5 i

N MR R i R
imdd 6itafted Aok - i b

T A YA BltaSfion L PRl eplel Mprae
seclion21 (step 111). associated with the reference image Ri

are previously stored in the reference

t hr éthedsovend ionede waEdohg ¥BElEIn 21 @bAGRATES thé HpRlindsze

shown in FIG 18. It is supposed that an input inage

obtained frymathesinoage inpuisecti6n ivdth ebtinohtit ympadsinrhgages

i nput section 10 at the time of matching of the input
obtamedrfoere thetsgeond dmiage fgeBer-tion setivar 8i1,rand ealchlatenanch
. processing )z;g the operation in the first enbodi nent,
simglaritristendl 1. Hiralbhtthe refbremee ineagd hevingduighrsimslarity is
. reference i mages having a high possibility of being an
dlsﬁlﬁﬁ@(g?%ﬁpt@- sanme object as. the input inage as shown

in 8 the i mage generation, section_ 30, the
i nag!c,ﬁ%%? eﬁ%ﬂ%‘i?ﬂgwdm@fmhwduﬂh bap gbeconfigargtionyand

| SECti o 20 60 (.st 101,...102 and 103). Wth respect
whigh Sbtes 2 ipeetiDeRaboEs BUAOE PrAgEE L. RS and Ro

o e 3 B B St s Pl oo

ian section, 31

e S R e R PR bR TP brsaP T e

i . t reference
thr g e B B 2 e it LSRGy omeatforsner
image is present every object, therefore, reference images can be retrieved

by using the reference three-dimensional object models, with respect to an

~ input image of an object picked up under a different condition concerning

the pose and illumination.

The present embodiment has a configuration in which reference

“images having high similarity are extracted by using a representative three-

: dimensional object model and then matching of the reference three-

dimensional object .'model with high pr_ecédencé éé.ndidates'is conducted. As

" aresult, reference images can be retrieired at high speed. o

25

Operation of the third embodiment will now be désgribed. wi_th

- reference to concrete embodiments.
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gener ates-conpari son i mages H3k(u, v) (j =1, 5 2, k
-1, ... , L) which are close in input conditi o &masry 2007
as the pose and illumnation to the input inmge 369
January 2007 obtained fromthe image input section 10
(step 111). The generation of the conparison inmges
Hi k(u, v) is conducted by using a nethod simlar to
the step 101. In other words, the second inage
genedatthesases tvagrasthegpeesids e of the f@spanbsdimdnmaes
HHk(u, v) (j = 1,5, 2, k=1, ... , L) which are
reptasentativé thryeodinoamiirdl objet ahodels 0y pdse, andN) as shown
illumnation to the input inmage, with respect to the
in g Ge rBomrsestoredin theeaeesnahtivhjtheee-dimehsioBal ¢hjeet model
5, 2) in the reference three-dinensional object nodel
stenage sgetign &0 RefarencairagesBnd = Lnge M1 énpegtivelytafghe
41 finds a simlarity S(I,_ H k) between the input )
objegtyjas shownin Bl 4arnmstosedbin thorefenerpe imagastorgge saetion

finds ximvum 10 simlarity Soi = maxk S(1, H; k)
70e@eﬁe§u2%@a@ml@§%)p§m matotiagioheashof the seletendsdapiges Ri

f.or, exanpl e, , gs shown jn FIG 19, .If Sp,5>So, | >So, 2,
-W%Qﬁe ﬁ%pﬁp n avqigirafr imshgional opject %0%‘1@&8@%&@ insFIG.

5 5 FHE35 e TR RaL oA o5 DB SR Bbhdd b0
ar o P bl B SREREE VR Bl Wi P L
2 2o Rk BIREE 5Bk 5, b g RFR eore i e
refS RO 8o RntshRimat BbjebPnftle] Ydek 666G 95 AW in FIG.
. an | nmage matching system accor i ng to §>the

18fourth enbodi ment of the present invention includes an
I mage i nput section 10, an inmage generation section

30, Misid sERteN N0 igeed iR Au, 9) ak @Rbwh IR A1k

section 60, a second inage generafion section 31, a

. obtaéeeddy thedgmderihght BEctERC10 @b tAd tirde lof st tehHgSeH the input

section 80, a reference inmage storage section 70, a

imagé Gstep OO inEEG.r EDi Atcathantstied bome Hrocassdig as the
representative three-dinmensional object nodel storage

- opezationoim th, fizsttemlemliment, R1, Rs and Rz are obtairied in the cited

- order as reference images having a high possibility of being'_an‘imaige of the

same object as the input image as shown in FIG. 8 by the image generation
section 30, the image matching section 40, and the result matchiﬁ'g s.ection _
60 (steps 101, 102 and 103).

With respect to, for example, the reference images Ri, Rs and R

. which are three high précedence candidates in the matching result obtained

from the r-esult matching seé,tion 60, the second image generation—.séction 31
acquires associated reference three-dimensional object models Bi, Bs and Bz
from . the reference three-dimensional object model Storage section '21, and

géneraﬁe_s'comparitsonimages Hplu, v) =1, 5;2, k=1,..,L)whichare .

7 close in'input cdndition su(':h: as the pose and illumination to the input image
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di mensi onal object nodel registration section 25; a
- reference image matching result storage secti gnJdalary2007
reference i nage matching result 37 9 January 2007
updat e section 55, a reference three-dinensional
obj ect nodel storage section 21, and a
t hr ee-di nensi onal obj ect nopdel generation section 27.
The fourth enbodi nent has a configuration obtained by
obéaigtied frarhetheriafagednpat semim 1@ Gitepridtl) cThe genérenionof the
the three-di nensional object nodel 5 registration
comperison iatagesii (v b ol vcted by neinh a e thed similapdatthe
section 55 and the three-dinensional object nodel
stejeh@l.dmi ahes srardsnthecseched inogtiggueration seftiarhdl ghnexhtes
enbodl ment. As to corgponents in the i mage mat ching
L egmapagisert e@ﬁae%{m(e, F.du k ®dbodi Iﬂewhlcthwere elpge in

the s uﬁﬁose in the third enbodi nent,
inpjatseqn rlpw [as- the pofe epddl unn@a@mﬁ@rtéﬁﬂgpua #aagewith

resgh B e&f%&?"%%ﬂapé“n%éna SbIerbEIPds B The, 2) in the
retg B, el iR Slona] Aot Etilel Aot e h chrteé&”?ﬁee Sedon
imfTB SURBRE D Fhepis B Rt A B pefR i the hput
imb S FAE R Bt BER il e ARG ee?ﬁ,%a% 2

SRS, S ) B, S0P

mat C'Ph@;&aét%ﬁ%%ﬁ prtl?ec%ﬁfet e Re” E%ho%vﬁlemfsﬁ‘f@. 19.If

processing as ocessi g con I Fst

So, qusw ndhe®f RS, T8 400 RE 886 Bbtahﬁe& 'iﬁ 'tH@ c&@&‘@?dbf‘ag kQerdnce

and t he 'second embodi ment shown in

imigdscheviae 4 hf%ﬁp@ﬂsﬂﬁﬂﬁy @ﬂBelr%’%rﬁEﬂnaE@ Gfthtﬁéﬁhé%]ect as the

section second i ndge generation section 31,

inputdnidpe. ﬁp:ﬂmﬂ theagfrontchhageshevingrhighkisghaitids dhe
sane processing as the processing conducted in the

displayed (@teped®fdi nent shown in FIG 16.

An image matching system according to a fourth embodiment of the

- present invention will'now. be described in detail with reference to FIGS. 20

t0.22.
With reference to FIG 120, an image matching system accordmg to
the fourth embodiment of the present invention mcludes an image 1nput

_sectron_ 10, an 1mage gene_ratlon section 30, an image matching section 40, a

| _.result matching section 60; a second image generation section 81, a second

image matching s‘ectien 41, a r'esult-display section 80, a reference image
storage section 7 0, a reference image reg15trat1on sect1on 15, a-
representatlve three chmensmnal object model storage section 20 a three-
dlmensmnal object model regrstratlon sectlon 25, a reference image

matchlng result storage sect1er_1 50, a reference image matchmg result
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When at the tinme of registration a reference image
matching result s registered in the referenceg jsmaas 2007
mat chi ng result storage section 50 by 38 9 January
2007 the reference image matching result update
section 55, the three dinensional object nodel
generation section 27 generates a reference three-
di mensi onal obj ect nodel associated with the reference
up e Socbion BTl RifGnck ERFAS A ldiNEal dHiES HpIANSHANY
obj ect nodels in the representative tﬁree
sectiore®s, anbd thRjeedim smAchalSsHE A8 088 FenRRaRon %Bcttti&ﬁ 27,
mat c

basis of information of the reference inmage I ng
r esuThe faurdh eaghaliaientthie 4 éifrfﬁ?ﬂﬁﬁohfvb%&ine@i EASH R he
obj ect nodel in the reference three-dinmensional object
refprriuk insge ragistesidn ssctdh, 7Hrthepiaéedinekabaabaisiect model
t hree-di mensi onal object nodel in the reference
regigiirationisaeiawi 8hatheatsfexsmcannelge shatchiiey senili apdafe sékbion
Wth respect to the reference images of high
55 pndthgdhecedianensionalsobjeet mhdelngemenatign sestudn tothai ned
fromthe result matching section 60, the second inmage
co pHpn oh the third erahodjmeatat es conpari son i mages
the inpyt condition such as the pose and

closg |jn
il u‘ﬁ% JY?a‘t‘qﬂi!i?PI&ma iR L8R g ee meatching systemgrccopdiaigriodhe

toult k0t ditGeL A86 thi peiechioee Shhe Chpacmhekistant,
: | at. ith. t f [ obt ai ned f th
aesfp AT bkl EhE poEPoohect it aceatopape.

ares

Lt T T T

obt ai ned

21 4., The nd i mage matching section 41
em%cgﬁ%ie%@v% hbee @%Sﬁgﬁ’%lamage obt ai ned fromthe imge

inpafSectiod! ﬂ}’”tgﬁgﬁolg‘%gg%{ﬁ%ﬁi%’ﬁgé&}/ n 5§ nt%real! ¥ el{n%l%(i:}gglggif |

the fourth NOW be  descri

sectibnt B0 EHeNeBARIMb BeHihPsediof BY, fHLWsH % i%ﬁ%aﬁﬂ%vgﬁighgﬁo, the

FIGS. 17, 21 and 227 25 At the tine
refebéiged ipAte dtbBUR sRBRLAt0, We GORAUEELI e registration section

75, the representative three-dimensional object model storage section 20,

* the three-dimensional object model registration section 25, and the
~ reference image matching result update section 55 conduct the same
processing as the processing conducted in the first embodiment of the

~ present invention shown in FIG. 1 and the second embodifnent shown in

FIG. 9.
The reference three-dimensional ijec't model stbrage section 21, the

second image generation section 31, and the second image matching section.'

41 conduct the same processing as the processing conducfed in the third .

‘embodiment shown in FIG. 16.

When at. the time of registration a reférence image rﬁatching 'resul.t

1s registered in the reference image matching'r'esult storage section 50 b'y .

B




steps 100, 101, 102 and 103 in FIG 17 is the sane as
that conducted in the first enbodi nent shown |@J£m§@2007
2. 39 9 January 2007 The second i nmage generation
section 31 generates conparison inmages that are cl ose

in input condition such as the pose and illum nation
condition to the input inmage obtained fromthe imge

i nput section, for a reference |nage that is a high

nRSERIEHSE A 195, a?rfwé*”ﬁ St i%r%e&hr% the

oo Bt b S G5V o e
sty
reﬂi@é&ﬂa@%est%%é 5&518&@9(??@5% ﬁ%ﬁe{s@ﬂ%e' {éﬁg nﬁgtl?/e fhree-

obtal ned fromthe I mge | section with eac

Ak ORRBAASEH] e RO stoRig ébgﬁohrzgjﬁﬁ PRe BRSIQME mt@ﬁfdtmn of

generation section 31, cal ates each simlarit

- the(Sf@Rnbd Inagkimaiching FARIE, 9T ﬁ:ei'érﬁﬁtereﬁ@r’éﬂ& ﬂh‘r@@

10

15

20 .

- 25

simlarity is displayed (step 104). At the time of

- dintdustenali otjectimodd] ialthegeforeded tneeHdideHsictnl MR Ihb@

15 conducted at steps. 200, 201 and 202 in FIG 21 is

stordge setiond3l, tonatpdatena vefeeendantlirbe-dieeasibnaiibbiicoriidel in
shown in FIG 10. Finally, the three- dinmensional

- theaeferencerbbide- Gersrsatn adobjedt trmodel 2Toraggaretian . a

reference three-dinensional object nodel associ ated
wi t Witdicrespesteiodihearefaragee byagevobbighmyecedersentalidates

t hr ee- di_ nensi gnal obj ect nodels in the 20

in bheene@éneeﬂfewt phiadnedifromn $he meguls matchingsrsition: 60,4be

section 20 on the basis of information of each

- SecoRq Fpage germRfoteactitnNgl genenates epmpariseimegag elose in

hin esult storage,_section 50, and

.C
the ﬁB@ﬁ‘E F?-ﬁ‘il chérdierraser ‘@Wﬁéqno%dl@@}lé@tthe input

| lmaeea%g@ 9@‘3 eSS il reiisen 10cvor Bt PASEEISALD Of the

reference three cﬂmen%%n% %I)JGC?J (Ielﬂgs?olma d w1tI1II1 regerezlce

- image obtained from the reference three-dimensional object model storage

gection 21,

The second image matchmg sectmn 41 compares the input image

| obtalned from the i image input section 10 with each of the comparison

images obtained from the second image generation section 31, and

‘calculates each similarity.

General operation of the fourth embodiment will now be described in

detaﬂ with reference to FIG. 20 and ﬂow charts shcwn in FIGS 17,21 and
- 22,

At the tlme of matchmg of the mput 1mage operatlon conducted at

B ‘steps 100, 101, 102 and 103 in FIG 17 1 is the same as that conducted inthe

_ ﬁrst embod1ment shown in FIG 2. =
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At the tine of reference inage registration, operation
conducted at steps 210, 211 and 212 in FIG 22 jsus®e007
same as that conducted in the 40 9 January 2007

second enbodi nent shown in FIG 11. Finally, the

t hr ee- di. mensi onal object nodel generation section 27
generates a reference three-di nensional object nodel
associated with the reference i mge by conbi ning

repr three- nens i anal ect, nodels jn the

b ERE R A Fnadd kdfad Hiﬁeﬂgr 8 E#safeéetesr?eeeaﬂson

2
im G O 38 s e SabErrrifipRRsep ar?e‘i}a%wofi@ga il Ghjnpffon
conigifior £ ShE gt HROE SRR Bond PReihad! MARSHA5, A o

-ref PR ?ié{d%glthﬁpi %ngdceﬂgﬁde{q@adcﬁhgteeﬂfﬁle 1%1atch19§ results

ree- nsi ona orage sec

obthﬁde%lofrgﬂnlthe réduff ﬁ%@d}ﬁng Se 1{5{\&2{1 BBYLH Ihephed df‘ég&h Y}@tl‘g@

has the configuration a h” operates as descri

refe18AY¥E tMéder i I AR dt tiﬁtg’de 14 BRsd@atdd wRERAd rBRRENEAS

the configuration in which the reference

' imegerdttattioieiora refbieans (HRASHnIeNanA1Rsh;S 1E6HE tbRde

representative three-di nmensional object nodels is
section @ieetepEVED. when only one reference 15 inmage is
present every object, therefore, reference i nages can
be Tterseevrd image lmetmbingweeotﬁfreee oomphiecthedingen Snael
obj ect nodels, with respect to an_ input inage of an
obtaiejedcfrorputbleemage inpdésectiati Witdr eath abihdi dobgparison images
concer ni.n the pose and illum nation. The present
obtaipgd dremtheisgsond toage gemeration sactiohi 3h andfeladetesamch
) havi ng high S|mlar|ty are extracted by using a
Slmtleblgléz%ﬁﬁpdt]i eFitillve theireferrncsrimagshaong fogl simHerity is
hen a a of the reference three- dinensional
dis 94w th hi gh precedence candidates is

‘fi?t%éb%%ira?%ﬁ e
conROGLIRIL WAA W beogdescribed with, 25 reference to

| conducted in the second embodiment shown in FIG. 10. Finally, the three-

dimensional object model generation section 27 regenerates a reference

three-dimensional obj_ect model associated with each reference image by

combining representative three-dimensional object models in the

' representative three-dimensional object model storage section 20 on the

basis of information of each reference image matching.reeﬁlt in the

- _reference image matching result storage section 50, and registers the
‘reference three-dimensional object' model in the reference three-dimensional"
- object model storage section 21, or replaces a stored reference three

-d1mens1ona1 object’ model by it (step 220)

At the t1me of reference 1mage reglstratlon operat1on conducted at

: steps 210 211 and 212in FIG 22 is the same as that conducted in the
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In the sane way as the operation of the first

enbodi ment, representative three-dinmensional objRGiry 2007
nodel s CC (J =1 2, ... , N as shown 41 9 January
2007 in FIG 3 are stored in the representative

t hr ee- di nensi onal object nodel storage section 20.
Reference images R (i =1, 2, ..., M respectively of
the objects as shown in FIG 4 are stored in the

sedoﬁﬁeerlﬁﬂ&(ﬁnie;m%%gﬁrtnfof PGSfftFﬁ;éllg;% gf&éh%eélslmnal object

(simlarity mat chin

mdael @eﬁ&atbfb% écﬁ%ﬁ rﬁ@éﬁe@ﬁ’cééea boerEddl ﬂg‘f@éﬂ?ﬁ@hsﬁﬂh?s&ecfz

as shown in Is stor

moeet egeereeeammtﬁer@ﬂarew etbfe%eegng% b¥enbdkivd N
addition, Mreference three-di nensional 0Object no Y

thriBe- d1meﬁ1;10na2 object mod¥ls ﬁﬁﬁl@é?regirﬁgeﬂﬂaﬁsﬂettﬂiﬁeé -a{BERGI6Ral
imge R are previously stored in the reference

objetirmedd stersdosetion®eh tHeBakisHfohfeth et bfothebfénce
the 10 processing conducted at the tine of reference
imageagmtclegngs‘eealtmemlya‘eg&lnmd inl thefleferehe ithhgb snatching
supposed that an input image I(u, v) as shown in FIG
resglti sforagst seichien 8y andexdditigrally pegissastthe refidente three-
tine of matching of the input inage (step 100 in FIG
dimensionsd objest r!i@ocgeé inithe seferepeotussidimensioriad obfect model
operation in the, first enbodinent, R, RS and R2 are

Sto%?cﬁeaﬁeﬁﬁénlﬂflsmp%ﬂ)ed order as reference. images
ity of being_an jmage of the

bi
a3 9 oRth PRPPEIRRBL IS SRS the PRLEPG ity and
I t 3 th t chi
whidhapedR &e%e éﬁ%ﬁéebeééﬁfl b bt e dgoaabed o "E‘oc('st” ops

e T Bt et Pilip it fd awggéériti?m il TR Seference
thr O S P O i pla L by o oted okt hthtive
1
thr@fGaREnIRICBEATBIL R, BEIchal, Bhen S‘f%"%b?rr@aﬁon&&&é?ence

assocCl a

imal le ’1s E?ee%@zg e@ggy 555808 LS dt6hE" gf%%gnceqfnggg ot a‘% Qi3 eved

toragé sect.on

by L&‘i’ﬂ@@ﬁé §@ﬂeréﬁ@%§ee"dlfﬁlﬁnsﬂ1ai Jobjem‘:l mora’elg with regpect to an

ar e
1nput image of an object picked up under a different condition concerning

. the pose and illumination.

The present embodiment has a configuration in which reference

images having high sirnilarity are extracted by using a representative three-

| dimensional o.bject,model and then matching of the reference three-

dimensional object model with high precedence candidates is conducted. As
a result, reference 1mages can be retrleved at high speed.
Operatlon of the fourth embodiment will now be descrlbed Wlth :

reference to concrete embodlments

In the same Way as the operation of the ﬁrst embodlment

i representatrve three dlmensmnal obJect models GG=1, 2 ., N as shown’

41
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close in input condition such as the pose and

illumnation to the input inmage obtained fromd ig@uary 2007
~ image input section 10 (step ill). The second i nage 42

9 January 2007 matching section 41 finds a simlarity

S(1, HIk) between the input inmage I(u, vVv) and each

conparison image HJk(u, v), and finds a maxi mum

simlarity Soi = maxk S(1, HHk) every nodel (step

inTHIR). 3 dieestoRIdh e FeEabisabne ahRee-flhea¥iannl Sbjeasmodel

shown in FIG 19, and 5 R5, R and R2 are obtained in

stotagecetidoh A0dBefasnceiangac®; (irmale?, .hgWihgespectivgly of the
possibility of being an imge of the sanme object as

 objduts asphowniadgilG. Farabloyed tinthe séferemedmagageerdge/savtion

high simlarity are displayed (step 104). At the tine
T0oA rdsnbidsithiteridioBabf visitekingmfdach refprehemitmage Ry wath the

t hree-di mensi onal object nodel registration section 25
reprasentatig ﬁtr@ﬁyhalmw@mnai@bn@ﬁm&gt(‘atais\séiown in FIG. 51s

t hree-di mensi onal object nodel in the representative
stenedda the refezpaenimass matchingresylistamrsasseatioznd@o. | f

N=50_t hr.ee- di mensi.onal object rnodel re al ready,, ..
- regi §# efetion Myeforepee thrtes mnsepalahisanetem (= 1
obj gct node ection 20,

2"t'hf@§-aﬁﬁ?%§do\§ft 'r@%e Fremsadmase e PEEYigHSLedterghin the
o e e RaeP aphialt A shERES SRt Ay g

eSO P SRR ARERRE AR R R B b

in_lﬁt}cghng result update section 55 updates the
matching result Sij of each reference image in the

f ' aj. 1. sul #. i 0
(ot orEBSBPoIRGP I SRTNPR RN 168 RPRP BRI BN W,

0b@1h8¢ by ThE i 3B18HAL 5ERISE flbia@, Rhé fimé 89 eecRifSofthe input

reference three-dimensional object nodel Bi associate
im#kt stef A00 ihEFEY £TDE AcBRdinEto the Farhe pdocessing M thy

conbi ni ng representative three- dinensional object
opéditnsinGhel firsit Ren beimeseNRAl Ry end Raefetibteisdoimathe cited

obj ect nodel storage section 20 on the basis of
orderfasrmeidrenne dfhagas haviaigea drigk possigfityofitetingangnmasudfithe

Sij in the reference image matching result storage
sameobjeph as the input image as shown in FIG. 8 by the image generation

section .30’ the image matching section 40, and the result matching section

60 (steps 101, 102 and 103).

With respect to, for example, the reference images Ry, Rs and R

which are three high precedence candidates in the matching result obtained

from the result matching section 60, the second image generation section 31

acquires associated referenée:three'-dimensio'nal object models B, Bs and B
from the reference three-dimensional :6bjeét-.model storage section 21, and
generates comparison.images Hp(u, v) §=1,5,2, k=1, ..., L) which are

close in input condition such as the pose and illumination to the input image

“‘obtained from the image input section 10 (Step 111). The second image
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50, ‘and repl aces the reference three-di nensi ona
obj ect nodel already 43 9 January 2007 stored 9 mnbi§ 2007
ref erence three-di nensi onal object nopdel storage
section 21 by the reference three-dinensional object
nodel Bi (step 220). Denoting the shape and texture of
the representative t hree- di nensi onal object nodel C

- respectively by PQ (x, y, z) and 5

T Sy i B
9 i R B ot .
= 1R 808K aHe(gi gv@@aﬂfpﬂbf‘%t&%llﬁpé ex? ?gr Ie) TDQe( X, © Yovv|2;1 9 10

expressi on

TQ (Rhe ﬁat@imrg i%shlﬁs(b%tc?)?:r—leo(r%xa 18) aglgél | n'in' BI@ 19, and

function th hmonot onousl y ' | ncr ea es as | ncreaseé

Rs,Mahd Ry a‘i‘@to'b&h'n%?t 1hh:ﬁercﬁ!eﬁtdr9@r Es Jrefe@%%ym?%%asﬁ)?a\ﬁﬁg a

sinpl est exanple, f can be 1nplenente

* highi pdskibilify bf be‘ihﬁtdiﬁlﬂlag’@opﬁlerﬁlﬁé Bhfe8t BERHE input image.

regi stration, e reference image 15 registration

Firsdlyt the referdrdesima@gilaiving highl ekl eFiey ane alsﬁlﬁg@i (step 104).
the reference inmage storage section 70. If M:10

r ef ehiethretimeagfethrae-dimbneiady] d&hggctsmedeﬂregletmhren, the

ref erence i nage storage section 70, the reference
threerdimensighnsl oh:tecbmodebcet@maﬁﬁnrseghlen @bsfiest megishensdr rety

first reference inmage Rios in the reference imge
repeessnagiave serdeohinzengienadpbidc modallia thedepre@ntative three-

Subsequent I ¥ t he reference i mage matchi ng result
dimgnsianel ebiack spodad sterags sectien 2Ai HNFEQ Ghrefsdnnensmnal

CZ oc%ﬁted i th the reference image R oi, to
objectmapdals are dyrgesistens rlestbptreﬁreﬁea@getlgeébrwdwwonal

SRR 6 S o
cebliiags ng%%?é@ FEL F TR
dlm%%l%?l 1 nB]%%l} R 35 %s%gp %S%Wd‘ 21).
Subsequently, by the same processing as the operation in the second
embodiment, the reference image matching result update section 55 updates

the matching result S; of each reference image in the reference image

matching result storage section 50 (steps 201 and 202).

Finally, the three-dimensional object model generation section 27

regenerates a reference three-dimensional object model B; associated with
- each reference image R; G=1,2, ..,M by combining representative three-
" dimensional ohject models C; in the representative three-dimensional object
- model storage sectlon 20 on the basis of mformatlon of each reference image
'.‘matchmg result Sy in the reference image matchmg result storage sectron

' 5_0, and replaces the reference three-dlmensmnal object model already

43
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the reference image R oi by conbining representative
three-di mensional 44 9 January 2007 object nog@ingars,2007
in the representative three-di mnensi onal object nodel
storage section 20 on the basis of information of the
reference image matching result Sioij in the

reference i mage matching result storage section 50,

and adds the reference three-di nensi onal object nodel

b ey R L R SR R B TR b

_ _ b i 1
the Yt RINARNLitehdoal (ol SIRGIBIRM, 8o0f e Present

invention w now be de _ Wit h

r ef eDenesng eh&kERve 23d t8RELRDE thE trg?fe%faﬁﬁaeﬁl&egttgxﬁeﬂ G

23, an inage matching systemaccording to 1 e
dinhendion&ndhjeitrmodelal; § Ber, i, €S SN refyRitveRPbYy Tag(ﬂgf,sz)%d

i mge input section 10, an inmge ‘generdtion Section
T, GaB) gl nstingtihesHsgetd ttAlurdof fHRSIfbretRb ¢hidd

. section 60, an image conversion section 36, a parti al

dimensjenalnijetimoded dit| srl, 45... aM)Q‘éUﬂaéctWe%j@bﬁ)PQ?@?S’! Hand

EO, a reference image storage section 70, a
ToitRyeeBhrthatrefarents theredidieresisioed] obigct chodm de cakubitade

section 15 20, a reference inmage matching result
accardipgde, Hsexpmplahedntowingerpressienst hr ee- di mensi onal
obj?ft nodel sto age sectiqQn 21. These conponents
nealQ(Xopepdt & iASid Pofki Be@d bel ow. The i mage i nput
sectlo vl NE e generation section 30, the inmage
mat i@b{QQQETSGﬁﬂggﬁb&ﬁb(idghlt mat chi ng: section 60,
the. tesult di.s Ig%l ection 80, the 20 reference i mage
st or Y& £5cq {hrtvm that menpetoneyslysesrenses asSilaereases,

and R IRHRRRT RRLGRHigmaEs NSNS Iy AesBe Fip ook @aamBe: dpan be

3 ' bpdigment sof the present invention shown
lmpith%ﬁ&{lgdsﬁy?(%fﬁ (g Jp%'i:t to a reference i mage of a high

' i.n 2 h chj It .
oot 2l ne B P Tel hadrd SatBot o hrdCich imace

regiBBatiin e ﬁﬁt?%s?%gfs@&é ARE% LAPERES iir%ﬁgtsa 95 th8%A8once

converts the
image storage section 70. If M=100 reference images are already registered

in the reference image storage section 70, the reference image registration

~ section 76 registers a new hundred first reference image Rio1 in the

reference image storage section 70 (step 210 in FIG. 22).

Subsequently, the reference image matching result update section

.55 _gdds a matching result Si01; associated with the reference image Rao1 to

the reference image matching result Storage section 50 by conducting the

_ same processing as the operation in the second embodiment (steps 211 and

2192).

- Finally, the three'd._imén_siqnal object model generation section 27

generates a reference three-dimensional object model Biox é.ssociat'c_ad'with o

the reference image Rio1 by combining representative thfee'__dimensiOnal

. 44
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I mage and/or the reference image so as to nake the

i nput condition (such as 45 9 January 2007 the pesgy 2007
condition) the same on the basis of each reference

t hree di nensi onal object nodel associated with the
reference i mage obtained from the reference

t hr ee-di nensi onal obj ect nodel storage section 21.

Thus, the inmge conversion section 36 generates

LR A T X

' [ in BlG 28 Th
SRR SADTBh R SR SR ALy LGBl
5 1Sl ROGR e 5 GORIALE LN PR cion

50,@@@@&&& L S5+ RR tBPec-ANY hSoRYL %%gtu%n[%ggﬂ;?»hmﬁlttﬁrthby'

he 10 simlarity calculation Is con € Samne
fedshcashidted 5hemsidRAl objEeN®) LRioglo 1t '
o e Tiae] LS LI SRR Ao o %%?%sztm
r ef eAptimegb mbdching 8ystaeh acdor@iM g ﬁft%@ﬂﬁodi'?né:ﬂli%f the

24. . At the tinme of Input inage matching, steps ,

presédt ink@atisndwil DRowHeodesciribedl it do?4il avich kéfereaiEetAFIGHe23
operation conducted in the first 15 enbodi nent shown

andB4FIG 2. .Wth respect to a reference i mage of a high
precedence candidate in the matching result obtained
f r onVitherefersmce to dBCai2Bednfinmgethatahésg bystent addording to
section 60, the inage conversion section 36 converts

theif{eh egthediment ef thaiprasenhanvesttioreinrduderayeimagasnpot

ke the, input condition (such as the pose condition

sectifl 10, 7R imaeeraengEaiien secticr B02an iwpge amjehing section 40, a

{ﬂgr ee- di. mensi ona& obj ect nodel associated wth the
resyitpa SeGHATEO QA IIRALE CPRYRTBH® sestiondifs @ partial image -

tee-di,nensi onal ect node|l storage, section 21.
ma{f-‘ﬁﬂf&% Sgqhony gaer%ﬁ%ﬁ’ﬁ% seckian 8t wEelgranee dmage storage
hal . es st 121). The partial i e mat ching
e 705 fﬁ%@%ﬂm}i‘f%ﬁ@%ﬁéﬁ%wwﬁ Obigs® mede] Sfarage seotion
o0 | . ted | t _image,an ef er enc
20, WSOl b0, SAMEIEASPUE IR0, B el 2108,
thre%nﬁjingéis“féﬂzﬁt(ﬁﬂeét%oaélrgtbﬁe{éet yec@l%%%. o
These components nearly operate as described below. 'The image

input section 10, the image generatidn section 30, the image matching

section 40, the result matching'section 60, the result display section 80, the

reference image storage section 70, and the representative three-

dimension_al object model storage section 20 conduct the same pfocessing as

the processing cOnducted in the first embodiment of the present invention .
shown in FIG. 1. | -

I With respect to a_refe_rence image of a_.high prece_dence candidate in -
the .mat(__:hing result obtained from the resﬁlt obtained from the 'i'les'l'_ilt' -

matching section 60, the image conversion section 86 converts the input -

‘image.and/or the reference image so as to make the input con&_iﬁ_dn‘ {such as

45




10

15

20

.25

46 9 January 2007 122). Finally, the reference inmage
having high simlarity is displayed (step 104)9 Jadnflary 2007
the fifth enbodi mrent of the present invention, the

i mage conversion section 36 converts the input inmage
and/or the reference image. 5 Alternatively, the
reference i mage may be previously converted to that

under a standard i nput condition (for exanple, a

- the paselsontlipiond thosatineiconihe bagds of cadurefarahcetbreernge

- conversion section 36 may convert the input inmage to
dimeasionadiebjechmodehnerncintiedpuithdbe apference froageabipined from
.. the standard pose condition). By doing so, it _becone
the yeferercedthyee dimensional phiect seded starage seefigpe 2dadhus, the
. time the matching i s conducted, .and the tching tinme |,
ImAgRA cRBVELSHY} $SHO SO\genenajes ﬁaﬁé& AL | BMIAES @Ngrson
to a,si.xth enbodj,nent of the present invention will
seciop B8 i3 a4 %EU@%’%%@%P?HWW%H@P PR e‘nt‘éleﬁeé?nés.
i mage mat chi ng system

Wth.ref to,FIG. 2
CO%‘E%EFC{}%@E n%%’é‘et%hgwﬁ%ﬁIgﬁg%’di nment of the present

| moga s b AR bR R b5 oGNP BrRa Bhmonthe

ool S R 06 0B e BB SR ooy

i I'Ng -SEc

frol ¥4 tmb 8 BOAVerSRA d¥ioA 36 Bl PLALGIALE, {HPGSIINGHA e
section , a reference I maige registration section 75,
sirRil Ay esRilAidnR dohdettePittNPashe Ry LPLIRE Ete?ioﬂﬂ.
storage section 20, a three-dinensional objec nmodel
r egi elehatd1Upesftibn Of tES fifth EALBHRAEE: WThaSwBs dBsdibed in
result storage section 50, a reference image matching

detaabuith rifeiimRe 36 IR 235nd a i@t eh&ftGhown in FIG. 24.
t hree-di mensi onal object nodel storage section 21, and
a t hA¢ehditimee of yailt inndgeniatavnde] sigpnd0a) LOD, 62 aindrl03
27: 25 These conponents nearly operate as descri bed

- shivehdn FIth &4 amegihe sampeins shetoperatidh carthuidtedige the first -

‘generation section 30, the inmage matching section 40,
enn%lodlmeleu shownatie IRI6g 2% ¥ithorespect toteerafexemice idiagel ofya high
section 80, the ’

- precedence candidate in the matching result obtained from the result

obtained from the result matching section 60,. the image conversion section

‘86 converts the inputimage and/or the reference image so as to make the
- input condition (such as the p(;;se condition) the same on the basis of each
'refe'r'erice three-dime_nsional' object model associated with the reference

. image obtained from the reference three-dimensional object model storage

section 21. Thus, the image conversion section 36 generates partial images
(step 121).

" The partial image matching section 45 conducts comparison on the

‘partial images of the convérted input image and refererice_ image obtained -

from the‘i‘;ﬁage'conversion section 36, and calculates the similarity (Step'_ '
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47 9 January 2007 reference inmage storage section 70,

the reference image registration section 75, t®@nuary2007
~representative three-di nensi onal object nodel storage

section 20, the three-dinensional object node

regi stration section 25, and the reference inage

mat chi ng result update section 55 conduct the sane 5

processi ng as the processing conducted in the first

' di gent, of .t he resent invention shaown,in Fl G

128 I hnedinsithon BhAes doskiR st Sheeingis delayed tstep

10 ference three-di nensi onal object nodel storage
éction 21 and the three-di nensional object nodel

e Y B Aot FOREH S SRR g B B R
_ | | e -
cor BMBm oo 36 Cn Rl B t-BE R ke impage

AER 50 TRl SRS L

mat chi

unddia esAd drdlinpR R RRNS@GE é}?&[hl?%, a aﬁnﬂgﬁgﬁ%se condét/ion)
@ | or

conversi on section 36 converts I nput ge an
and BRredf & 1ES iMBRE o r8Rnt ScHNE3E Reay dRerCeRdinkbuen

(such as the pose condition) the sane on the basis of
im&gcty tleftaneduaehe kteedard iMpasiconaltiab(fof bxam@ed, the standard

associated with the reference image obtained from the
poseebadinas). By deingisopit beonaks alimectssmsieb cohviredBe reference
_ section 21. Thus, the 20 inage conversion section 36
imagersacht @meptret matching jeeondiivseghaatd she nrmokingniimevande

section 45 conducts conparison on the partial inages
shogtenede converted input i mage and reference i mage

obtaj ned fromthe inmage conversion section 36, and

cal e\ agehateling ¢myaccardimgdio opisthempodimentef the

si xth enbodi nent wi Il _now be described in 25 detail
pregintinveptioanwdl new medesorbed dndesadl voth cefarencsHowRl G.r2b5.

FI . At the ti f input image_natching, steps

10065“7%1119/?%@6% S0 1325 <ap bR e T tshing SEFETS pecosding to
the %?xti]heemgg .rnglérlito& t%grf)glejgetnqnlvgmt;igg iillclru tes an image input

section 10, an image generation section 30, an image matching section 40, a
result matching section 60, an image conversion section 36, a partial image
matching section 45, a result display section 80, a reference image storagé
section 70, a reference image régistrai_:ion section 75, a representative three-
dimensional object model .s'tora_g_e section 20, _-a-three-dimensional object

model registration section 25, a reference image niatching result storage

~section 50, a reference image matching result ﬁpdate section 55, a reference

three-dimensional object model storage section 21; and a three-dimensional

- object model generation section 27.

These components nearly opera.té as '-'d:é‘,scri‘bed below. The iﬁuééé

input section 10, the image generation section 30, the image matching

section 40, the result mafching’ section 60,'the result display séctiori 80, the _'

4
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48 9 January 2007 enbodi nent shown in FIG 2. Wth
respect to a reference image of a high precedenzg@uary 2007
candidate in the matching result obtained fromthe

result obtained fromthe result natching section 60,

t he i mage conversion section 36 converts the input

i mge and/or the reference image so as to nake the 5

i nput condition (such as the pose condition) the sane

oo el ey EOER D5 SHTHIR Sk soion
7ol R A eSS LIRS S0 80 .

thesifrel MniB ARG LB}RS nRATe b 'Simﬂ)%sszfggi%h ga@)thelo

The partial inmage matching Section condu

refeipannt@e @atdhige réallt upHatd BELDNO55 Eagigil.&? HUE %{aﬁ%

i nput i mage and reference i nage obtain rom

 procesgagcertheibatsERctdndcBal itk HaHCthBo@ESdMIQf the

simlarity (step 122). Finally, the reference i1 nmage

- prehent imyemityin sHown an FIG. 1 aindi 3! svesd estimtad khowa ihn

the sixth enbodi nent of the present invention, the
FIG.fhge conversion section 36 converts the input inmage
and/ or the reference image. Alternatively, the
r ef erlemeaferancgdhnesydhnensionalolibyt modekbstoesizd sectivat21 and
under a standard input condition (for exanple, a
the ﬁawéﬁae@@@éak@bmc& neAyl genredatiporeedtion?d donduchtigesame
conversion section 36 may convert the input 20 inmage

- Progessing s thgeroepsingicandusiedingle thavdipmbodimént shown in

FIGE R e gt Spibodeamp Bbal teeonrashat Ahjanicanelysv (. FIC.

and each of the conparison i mages G3k(u, v) in the

2,0'fi rst to sixth enbodinents of the present invention,

B B S i o S i
; i.on 4 find.simJlarity S(l, G,
the B re B BTN i Rl i Frogh e Foeed
matgh&é@e:ctm, $hb 'imggei=lﬁﬂ?1x{eer\é?(§1¥ sg&go% 36 converts the input

“image and/or the reference image so as to make the input condition (such as

the pose condition) the same on the basis of each reference three-

- dimensional object model associated with the reference image obtained from

the reference three-dimensional object model étorage section 21. Thus, the

image conversion section 36 generates partial images. The partial image

| matching section 45 conducts comparison on the partial images of the

converted input imagé and reference image ob‘tajned from the image
conversion é_ectiori 36, and calculates the similarity.
' General opération of the sixth embodiment will now be descxibed in
detail with reference to FIG. 25 and the flow chart siszn in FIG.._"24.‘. -
LAt the time.'of input image matchi'ng, steps 100, 101, 102 and-iOS

- fshow'n in FIG. 24 are the same as the operation conducted in the Vﬂrst

43
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49 9 January 2007 The partial regions are, for

exanpl e, regions as shown in FIG 29. In this c@af@uary 2007

simlarity Sijm= mxk S(Ri, Gjkn) of each parti al

region mis stored in the reference inmage matchi ng

result storage section 50 as well. The result

mat chi ng section 60 calculates a simlarity DI = Em

D(S ojm Sijn between the 5 matching result S ojm

. Is Ukt S L] M of each of the referenc

emOirhOft SRMABEIICE 20 TR rkbiPdhtp Briefiy®es diake o el

SBELAQ i d R, t d s in the
prdesceér%](f ng (ci)?%ern g%é%J%gé%nhﬁag‘m%’%ﬁngg%?rﬁéﬂeﬁ:ﬁ?lélﬁi ng

obtla@®el front tiid P&’ﬂ?ﬁﬁtcﬁﬁgﬁ}é@%?%ﬂ 'RC1HL ;%8?% E&g\%e&%gini%?tion

nodel generation secti I'n the

36 esRALIERY AR VR de arddlof SRS ﬂ-’:&%iiéﬁige s0 as to dmake the
nmay be every

t hree- di mensi onal "obj ect nodel's m combi ne:
inppicbh&ltioreGiueR aslthetdi@e thhditidi0 thb )é%ﬁnee&?f?ﬁjé PRSLOfREch
the present invention, operation of retrieving an
refévange thieet dien rsien Ajigsdt B6ddInRsbeinwd Widoehd FeF8reHrRNg
_a large nunber of reference inmages has been
imagesahtabred. frotheereference $hades@inbngionsl dijectiRoddPityrage
the present invention to one-to-one matching for
sectien @dnilThiusgthehibn gy canvepsionfdection 38 mineatorggati-d imkges
i ma of the same object as the input image. It is

step sed that a specific reference image is R. In the

fir and  second enbodi nents, the result matching

sectlihsrpatiad image smatching pedticn 46 gonactBicompdirBopn, o1bthe
FELWEen th}ﬁ mat ching result Soj of the input image and
parpigLimagesh e eayertedinpyt impge sadatedereace imgee Rbtained
£ thﬁ siml arit%réDi Is greater ~than a threshold, R can

o A0e IMABRE COBVERSI sedmesf Rt ealgulatee thegmilarisy fstep
the third,. fourth, fifth and sixth enbodinents,. the
122]. i, Phe Foteetih dmiacs,Parant Phehsivarlanbr potispiased (step

104§i_rr'i larity between the input i'mage and a 25 specific

reference image in the second i mage nmatchi ng section

41 F] ' i..0re mat chi ng section.45 is

or eh g}rlé E‘g%%gﬂlﬁﬁﬁléng?ﬁ% log%h%gresen&nvenmon,q;he image
conversion section 36 converts the input image and/for the reference image.

-Alternatively, the reference image may be previously converted to that

under a standard input condition (for example, a standard pose condition)
and stored, and the image conversion section 36 may convert the input

image to that under the standard input condition (for example, the standard

'pose condition).

When finding the similarity S(I, ij) between the input image I(u, v)

_ and eaci_h of the. compafisoh images Gglu, v) in the first to sixth
| - embodiments of the present invention, the imége matching section 40 finds -~
'olne»siniil.arity S, ijj ori,the‘ Whole_. Alternafi_ireljﬂ the image mat'ching'y
- sectidn 40'1;1ay find similarity S(I, G’iw) every partial region m, and finda .

_maxi:mum. similarity S'oim = maxk ST, Gjm) every model. B
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9 January 2007 In the inmage matchi ng system accordi ng
to the present invention, it is a matter of cousSs@uary2007
that functions of conponents can be inplenented by

usi ng hardware. The functions can al so be inpl enmented

by reading an image matching program 500 into a
conputer to nmake the conputer execute 5 the functions

of conponents. The inmage natchi ng program 500 is

st orgge bArdal fJgi&ﬁthwﬁngFQ&#ﬁgPe“ %ﬁtse snﬁggrgéfnf Egd}sﬁ) In

or a sem cond nme
thik FREE ’ &t . edi

| NDUS'FEFl{iimAI‘Em,& A %mr@%io "i"r‘%‘%? rgg%ﬁe ﬁg%%i\/{%?ﬂgﬁu fs Sfbred
in tie Hgednteimpes aaatdh@@@&ésrale eédrgge sedtill 50 %%11 [The result

aut hentication, or the |i ke usi an | mag

madehihBeettide 60 dalelafdnd 8inyil2A8/D; S N&’ a-m, m) U@tﬂveeen the

mat chi ng systemfor retrieving a reference |

masg¢hing aesilo S, anfuheimaghing ResuloBYe df%ta@H'thé Yéﬂef‘éﬁce
conprising. nmeans for meking a match between the input

imagesde the deferpher hagy mAiching weukisetdtadd s@tion 50, and
t hr ee- di nensi onal object nodels; neans for making a
eXtﬁ%ﬁt% refseengedmages mdﬂlerdﬁscmdmg@edemdf theesimilarity D; of the
presentative_ three-di nensi onal object nodels; and
AR Tesidt rl?s‘ﬁth@vmﬁge,tlnéhe dhegeediveensingel ohjset modeélo
theln by using a result of the match

genﬁéﬁté\%geqt}?@ ﬁb%tth? ferdh aad sinth awbodimestmanwelle
thre i O obj ect _nodels_and a result of the

rep AR BV RB L A S BIRSS s eesomatcbe pembined evbry

parﬁiﬁgresent ative three-di nensional object nodels. 2.

T98i%e mat chi ng system according to claim 1,
a reference

I ﬁ: %12?%(? ﬁ%%tn?r ' S H}bé)gll g%q)if t%e gxleggntnmventmn operation
of retrieving an image of the same object as the input image from among a
large number of reference images has been described. However, it is also
possible to apply the present inventi_on to one-to-one matching for
determining whether a specific reference image is an image of the same
object as the input image..

It is supposed that a specific reference i image is Ry In the first and

second embodlments the result matching section 60 calculates a smnlanty

Dy =D(Sy;, Syp between the matching result So; of the input image and the

: matching result Ss of the reference image Ri1. If the similarity D; is greater

than a threshold, Ry can be judged to be the same obj.ect as the input image.
In the third, fourth, fifth and sixth embodiments, the judgjnent can be made

, by determining whether the 81m11ar1ty between the input image and a

- specu’ic reference image in the second image matchmg sectiom 41 and the

part1a1 image matchmg sectlon 45 is greater than a. threshold

50




10

associated with the reference image simlar to the

i nput image; and nmeans for newly retrieving the January 2007
reference inmage simlar to the input inmage by using

the reference three-di nensi onal object nodel and the

i nput image. 20 3. The imge matching system

according to claiml1, further conprising: neans for
finding a reference three-di nensi onal object nodel

assqei at wi th e reference | e, Sjymlar tpo.the,. .
ot (et ol dfuk §1ieH Ao IR IR nifosht iiion. i
s oC | L t [ - ] | t. 0
is o BE8CE o Botline 118¢ CORMOATT G ehetin b Mriullo b by
_ . ¢ :
usip g PR Ghed e nl R W 10 REThDI G ROR AL ERE S o,
. , . r .
L el 200 1p1F P REF & bR R AR R Erccnte
the i fiRdiohBO® Bpchd R ETRE %a?@‘iﬂ&tchﬁ%‘?f@gqahi‘ 500Rbtored in a
condition. 4." The imge matchi ng system according to
recidihgnibdinbesieiinad B en gy §iski @ SBANSNALEMrGHSInry. The
converts the reference i mage, and squares an i nput
compatelf réznls thie iifwrd MAYEhingReegirh 500 mothet e@ording
reference image. 5. The I mage matching system
medivonrding to claim 1, conprising: image input neans
for inputting the input image; a representative
t hr ee- di mensi ohNDWGBTBEALABRLICARTA§EYsection for 10
storing a plurality of representative
t hr Shediraesnti invantionjcastbenustsl for persmy sl egéifinagionon
. ,heans for generating_at _|east one conparison inmage
mdlﬂfﬁéfé authepicatienmy thedike vsingean hpage pfadaceorihe like.
representative three-dinmensional object nodel on the
~basis of the representative three- dinensional object
nodel s stored in the representative three-di nensi onal
15 obj ect nodel storage section;
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~ comprising:

i mage matching nmeans for calculating a simlarity

between the input image and each of the conpar9 s@gary 2007
~images generated by the imge generation neans,

selecting a maximumsimlarity with respect to

conpari son i mages associ ated with each representative

t hr ee-di nensi onal 20 object nodel, and regarding the

maximum simlarity as a simlarity between the input

i mge and the representabiﬁﬁpggree-dinensional obj ect

nodel ; a reference image e section for storing

B
G R e
soct KRALBI FSRSEP A AT RS TBPLBL oS ey

of RRIr8&dntARYE thelLaREEN él:rtgc?éctaxﬂgdél%,sm t mat ching

méans for extracting the erence Image simlar to

- the nRRHE fFBRERIEN a thgtchasdtieth thbFefedbhid BRabehNBRRe
the input imge and the 5 representative

reprbs@ttadiverhséedbhedlbesl objpeleinsdeRl aullat ed by the
I mage matching nmeans and simlarities between the

r ef aneane fommgesvinpdhehefereps tmagt aimilar to the input image
t hr ee- di nensi onal object nodels stored in the
by neiney & nesult dfdppematticbétvwearethd inpsif dmage ssetlicon. 6.
The i mage matching system according to claimb5,
repregarfiative thresodiprérsiionpnl alijectenddels maidom atswdbpthe medeh
regi stration neans for registering representative

| betmeeadhgirgtorsneminaghpnd thawepresentative threp rdiswmsinriale

.three- dinensional object nodel storage section;
objeqrrapdelse | mage regi stration nmeans for registering
refe ce, images 15 in the reference jmge staqrage

sect% drite Wnaee wedshing sypiaa @ceending Hycladrgl.tiugiheat e

ans gf or conducti ng

: ne
comprising-

means for finding a reference three-dimensional object model

‘associated with the reference image similar to the input image; and

means for newly retrieving the reference image similar to the input
image by using the reference three-dimensional object model and the input
image. | .

3. The image matching system according to claim 1, further

means for finding a reference three-dimensional object model
associated with the reference image similar to the .input image:l

conversion means for squaring an input condition of the input image -

with that of the reference iﬁlage by converting the input image and/bi'_ the
reference image on the basis of the reference three*dimensioha_l object

-model; and

52




10

15

20

25

calculation of the simlarities using the inmage
mat chi ng means, on a conbination of a r ef er enceJaniBYL007
and a representative three-di nensional object node
new y generated by registration, when a new
representative 20 three-di nensional object nodel is
registered in the representative three- dinensiona
obj ect nodel storage section by the three-di nensiona

or when ne

bj ect | .registnhati , \

o0} PR El R Y OB TR e ne ML ot
32295 A o Nt L PG R Sl B e
sqﬁﬁ%ﬁlih%néﬁt EJ}Fd.iEi'Bg}?r ence 25 image matching result

storage Section. /. The inmage matchi ng system

acc °4.d1"}5¥9ir%i9%é7 h@t@ﬁiﬁgcég?s% lﬁgz{&coéﬂné it?]n a}lf&r ? ,y%gg{%g%g

| mage matc g neans cu es a ar |

conivaesibA b a i RGiANTy %oﬁ\?ﬁftﬁﬁé‘&&%i«éﬁ‘cetiﬁi -ﬂhgﬁgg,gfa%@hn

obj ect nodel” every partia region, the ef er
inphtREAIINRICH the ihBEH hhagé Wit Eh Ao 1HRTeRlrRhES iéage,
In

simlarities between the reference 1 nages store
t he §.dferienge -mﬁ&ﬂﬁng%&;@ta’iﬂ%oéﬁ@ﬁﬂ%fh @8t 1, comprising:
representative three-di nensional object nodels storéd
i n tinegedppes aaakifueiiputtirgilEnpud dakged) ect nodel
storage section, every partial region, and the result
mat @hwepgesedative threxcd snetsonef eyjestarodetagersddtidodiont for
10 the input image on the basis of simlarities
stomag \mdﬁr@ﬁ@ ofmepresemtigtivanbirachdimemyiormsaritjadti medels;
t hr ee- di nensi onal object nodels cal cul ated by the
i madRashReBATaliPIhEwaRsdor ggneratingat leesi ome amgparison
. simlarities between the reference inages and the
1marg83“11%°§éﬁt18911‘€/ éonfﬁg@@f@i therinpyh iinage peety rapdesentasiver ed
t he .ref.erence ipgage tching result storage '

thregsdimepignalgbigs Tapde! orsthaohasia of the Teprepemige rtuRPNg
iR R e o F T ek s Sbsions)
Obie?gﬁéé%@ﬁ%& Sg?,g&%t%eg-?t he ‘| nput image and the

| image matching means for calculating a similarity between the
input ‘_im'age and each of the comparison images generated by the image
generation means, selecting a méximum similarity with respect to -
comparison images associated with each representativelthree-dimensional

object model, and regarding the maximum similarity as a similarity

between the input image and the representative three-dimensional‘ 6bject '

model;

a reference image storage section for storing the reference images of

objects;

- a reference image matching result storag_é'seCtio'n for storing

similarities between the reference images stored in the reference image *
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di mensi onal object nodels and simlarities between the
reference i mages and the representative 9 January 2007
t hr ee- di nensi onal object nodels, and in the 20
cal culation provides the resultant simlarities with
wei ghts on the basis of candidate precedence of
simlarities between the input inmge and the
conpari son i mages and the representative
- di nenskonal obj ect dels. 9..The jmage chin
sto gk BI04 PR el B s cBmsmisionl obioFhinpdelsnpiorea

in O b kAl BHL PRt > Rrnmn sostigmaged

t. f ' | ' f tati .
thr eo e Baccriheh St St o fldrlnk e {5MEREE Py kg fimilar to
the B iFRE AL IR @%sﬁﬁﬁaﬂﬁ@? batw i e in?)%l%tlﬁl%%% a'ridt the
conparison i mge close In Input condition to theanpu
replré@ﬁfltaﬁ\(r@ %Mré@ﬂfzﬁ@ﬁéi]{)ﬁélhé!ﬁ ectt ﬁ%ﬁ@fs@aﬁ@ﬂ&fe@h%g?ebhﬁ%e

nodel on the basis of the representative

mattHiRp SO a R sRENaFT0Re betwbeh ¢He kel die BRI R SH ALl ©

t hree-di nensi onal 5 object nodel storage section;
represegeatioe thiargditkaiionarobjédtombadls R8or@ dShthk 3 fdrénce

between the input inage and each of the conparison
imdgeapatchjng ecatltdtdmet sectiomge gener ati on neans,

selecting a maximumsimlarity with respect to -

com$alibeomd geamascling aysiame dovording tctlaia @, daeiMeat | ve

t hree- di mensi onal 10 object nodel, and regarding the
compigingm simlarity as a simlarity between the input

i mge and the representative three-di nmensional object

modéhreesdimersienglohietiguodeloregistration mmanisdor segistering

the reference jmages of objects; 15 a reference i mage
repraseriative Haegrdimansionsd objratimaedels in sherenrgsentative three-
di Si rriolngii jeﬁ bet yeen the reference images stored in
LOEREIoNaY aPleRE B1Odeh §lorage seedisect i on and S
represent at.i ve thre&-gg'.rrensi ona) object node|ls stored

i n PHE TR oLash e PR SRRSO TR BIStAT IR referenRsiapages
in tRS %f%geencséel(f‘rttallg%nstorage section; and
reference image matching result update means for conducting

calculation of the similarities using the image matching means, on a

- combination of a reference image and a representative three-dimensional

object model newly generated by registration, when a new representative
three-dimepsional object model is régisteréd in the representative three-

dimensional object model.'stOrage section by the three-dimensional object
model fegistratiqn meéns, or when a new reference image is registéred in

the reference image storage section by the reference image registration -

- means, and adding a result of the calculation to results in the reference . -

image matching result stofag_e s_ectidn'.

7. The image 'matching system according to blaim 5, Whereii;: -
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result matching neans for extracting the reference

image simlar to 20 the input inmage on the basy fan@hry 2007
simlarities between the input inmage and the
representative three-di nensional object nodels

cal cul ated by the image matching neans and

simlarities between the reference i mages and the
representative three-dinmensional object nodels stored

in the reference . i mage matching resulf stqrage i

sect PEhIT3E° B ShinedReant felColabrernam itygvfﬂt@e?n fpe dpput
. r.age section for ..stonring reference .
imBhP 5B Fabraat Mhipit ol arensl Sheumedel sieny prutial
reégflerence i mages stored in the reference i mage storage

ection; 56 9 January 2007 second i nage generation

R o T S e R e i

nmodel' s assocCl a

sin%ihll'ﬁriﬁ% Wb iwde ﬁﬂ% fb!g%f@%@@ %mﬁ{%g l@t&%ﬁ ihGhETERGEnce ima

ree-di nensi ona ] ect storage sectron, an

stoBLRe st 0bard ré}ﬁ%§ént‘&ﬂﬁrest?ﬁ'9@‘aiﬁ1%%ﬁﬂa§88jehmg?% stored

- close in input condition to the input inege ev _
in t1ef RipRBEthtive ehrdl-ARAGH 3534] SbaCholBO&braR ddifioRashsry
of the obtained reference threé- dinmensional object

pantixdaeegionangddsecond i mage matchi ng means for
calculating sinmlarities between the input inage and

secdihg resnftanatohing Meges aerertathd rbferéte BeeRdmild to
i mage generation nmeans, selecting a maximumsimlarity
thefinpmrt amagg ondbe e stoofzanii koritiesrhgase astrcngue dmeigt Bind the
each of the reference three- dinensional object
reprefpaitative ihrecedimensiopalbjemxicndels shhilatedthy the image
simlarity between the input inmage and the reference
mafqiyipg mpaRiriesy dartisbregion apdetimileities batweenrthgereference
. mat chi system according to-claim, further
lm%ﬁmdg‘i eprogesdativeshrgesdizne ppaal ohisetanodels, stored in
istration rreagﬁ for registering  representatjve

re . ) .
the rRISIEIEH HEAST Biairhing resltmiaease sectioneeviesp Paxtent ragivn.

t hr e' . a L . f .
& The 1mage matching'system according to claim 5, wherein
the result matching means calculates similarities between

similarities between the input image and the representative three-

- dimensional object models and similarities between the reference images

and the representative three-dimensional object models, and in the

calculation provides the resultant similarities with weights on the basis of

- candidate precedence of similarities between the input image and the

Co‘mparison images and the representative three-dimensional object models.
9. The image matching system accoi'ding.to'claim 2, comprising:
image input means for inputting the input image;-

a re'p'resentative three_"dimé;nsional' object model storage sedﬁio:i for

‘storing a plurality of representative three-dimensional object models; |
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di mensi onal obj ect nodel storage section; 20 reference

i mage registration nmeans for registering referentuary 2007
images in the reference inage storage section; and
reference i mage matching result update neans for
conducting calculation of the simlarities using the

i mge matchi ng neans, on a conbination of a reference

i mage and a representative three-di nensi onal 25 object
nodel new reqi st r.at when a new,

ted b i on,
" opr W £ARRNOR AR eARS oS R ERENE ol j4Rst g FepmRaTison

img PR A AASPLCORTL e i SRR,

the g clone el B Bt O Fra FO Lo B SRR e
dind S5 SN TalSaeit LAl éﬁ%gg!regr@énkm ({_a&ga%ﬁ&%ﬂsmq
reglstrat on means, an a I N a resu (0] t he

obj&&':ﬁHH@Fét@fhéeoseﬁﬁéﬂi ts in the reference inmage
mat ching result storage section; and 5

thr g@r e MRASIIAR I8} cARIEAtiHE '&?é,iﬁw_ltiiafi'ﬂtgrrﬁ%%%en the

responsive to registration of a simlarity between
inptib émiaet endneRhioTREE camiakien inRYRTRAM e Dy the image
t hree-di mensi onal object nodel in the reference inmage
gengRAtion mged1es sblocidh® hapaxieaid it iton tueidtrdapeti
reference image matching result update nmeans, for
conmpergsoat inmagashessoahtrdewith ¢dvhemptbsmtationahrabianéndional
nodel associated with the reference i mage by conbi ni ng
objedtenedql; asé megaridung thdneed givre sémdaaity @lsjesim itmodist
stored in the representative three- dinensional object
betvrpee the dapulgienagecand tho reniesebtasiee Giree témenaional object
and registering the generated reference
medeldr ee- di mensi onal object nodel in the reference
threeli-?gi mensi onal obj ect npdel storage section. 15 11.
The & TPaenaa AL slorpae snctaee frgvtesingdhe rafarenee 1mages of
bi wherein the three-di nmensi onal object nodel generation
oDJeFkSins generates a reference three-di nensional obj ect

del lated wit h ref ' by .
ConBIT AR page MIALEH S TR Desar A o b B wiee

sim{IRAEe} HRLREES the reference images stored in the reference image

storage section and representative three-dimensional object models stored
in the representative three-dimensional object model storage section;
result matching means for extracting the reference image similar to

the input image on the basis of similarities between the input image and the

representative three-dimensional object models calculated by the image

matching means and similarities between the reference images and the |

representative three-dimensional object models stored in the reference

- image matching result storage section; |

*a reference three-dimensional object model storage section for

storing reference three,-dimensional object models associated with the o

“reference images stored in the reference image storage section;
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in the representative three-di nensional object nodel
storage section every 20 partial region, on theyh@agus 2007
of simlarities obtained every partial region between
reference inmages stored in the reference i nage storage
section and representative three-di nmensional object
nodel s stored in the representative three-di nensiona

obj ect nodel storage section, and registers the

gener%%) a ref erence,.t hr ee- di nls)' anal obj ect del in
Uhe FePE dmaEe erskatiph ks ar obbaning Bderapsadpiree
. . ' ' t chi t
dinZbAGRAR GREY Bae s dolRia R AR G Shlrpotad from
' il Leul [ilarity. het
th {8 SR ANRR I PERE T Y 18hPnd DU bR SRR
moRB] Sfoka fPSENIRY 8d ué@feﬂ'éﬁh at SR el 28 ﬁ&f(:&ta%ﬁ?ﬁwon image
i mage nmatching resuft stor%ge SectIon Stor 88
closd 1 1ffittdoBditHeH VS ERe It iRlReRety iraﬁggﬁcﬂt%sd in
the reference image storage section an

dini @i @b dt Bod sl RELHH BRAS bR oloRiifEd réfRpsce thiros-ed

in the representative three-di nensional object nodel
dinsdiiagd dbgadtimpodelevatid partial region, and the result
mat chi ng means extracts the 'reference inmage simlar
to skGondimegpuiatchhgemeant fier kdeitofg Sinfildritibé belSveen
between the input inmage and the representative
thetinpet idage asideeabnd bpmptrison émagealgenbaited byytheh@cond
. image matching neans every partial region and
Imagergangratipe méansyselecting ar mhzienoe simitarjés frand andvmg
representative three-dinmensi onal object nodels, stored
seconyl cQIRpayispR AmGEes afsapiated veith egchof the refeoemepethree-
. secti an' }e)yery partial region. 15 13. The inage .
dimexnsignah g w&mfieé%c@dﬂ%grd@gcﬁh@i magimunesiaifarithas a
. [es%l ;)Iemat chiﬁg,rrean,s calculates simlarities between
similagity hetvee the ipRehinsge 2pgbee refasrncndrepdimensional
bidcE Rl ed:?ﬁnt ative three- dinensional object nodels and
LI M}

ities between the reference i mages and the .
P BSRRt Ahlate hlHTg SROR SBrallY £ daB W Skndd "
comprising:

three-dimensional object model registra'tion'means for registering

* representative three-dimensional object models in the representative three-

dimensional object mode] storage section;

- reference image registration means for registering reference images

in the reference image storage section; and

reference image matching result update means for conducting

calculation of the similarities using the image matching means, on a.

- combination of a reference image and a representative three-dimensional .

object model newly generated by registration, when a new representative |

-three_-dimensional object model is registered in the fepreséntative_three- '

' dimension’al object model stqi-'_age section by the three-diniensional :obje_ct '

57




10

15

20

25

20 cal cul ation, provides the resultant simlarities

with weights on the basis of candidate pr ecedeggguedy 2007
~simlarities between the input inmage and the

conparison i mages and the representative

t hr ee- di nensi onal object nodels. 14. The i mage

mat chi ng system according to claim3, conprising:

i mage i nput nmeans for inputting the input imge; 25 a

representative three-dj nmensional  object nodel storage
model regasfration Teans, oF whep armaw refepamcedmaseaisiregisfered n

t hree- di i onal obj ect nodels; ,59 9 J 2007.
thq THIEETGR HEIAR SR AREARSTID Yok iTPRGe HRAER AEBiRéion
b sQn: | | injnput condition to the input
mepfaid gdiipe aredt Al the Galodlanonlonerulisitarbe wente
: | s of th tative three-
i e Pk e BB inBobT BRa “T her opr sent at i ve

thr e&ﬁ'@é'ﬁ?ﬁ%hgﬁﬁlﬂ oﬁje?? -h?o aF %gg%%tl‘:’?téloé%gﬁﬁigs%é@gée to

I mage nat INng neans" 1or cC

roghHISH of DinARIY HoFRREn 300 EREMATint N5, SRTRAE T SOn

I mages gener at mage generation nean

repS&dc@tAtitg tRrd BRI NRISH AN 61535:%]:%0&\%11%1 ﬁﬁ%@&ﬁen%@ image
W t C

conparl son | nages assocl ate ea representati ve

matdhiBE redulE BErapasedifoR BbEGEctERBY the B8 rbaBA1HABE rhf¥8hing
maximumsinmlarity as a simlarity between the input

resultagelass thddies, fepgagaatiagi the rehirefcdihRsdignal sioli It ect
nodel ; a reference inage storage section for storing

modélassediatehwith tirgederince dhjage by, cobfbiain g thé easrsbntgsre
mat ching result storage section for storing
threg-dithemsivheboljettunedelsstoreat iy droeprosgaat’eahede-i n
. the reference image storage section and
dimeagionsad nbject weodeh sterage meciBomnalthe biasit oftidadimiktritye dnd
in the representative three-di nensional object nodel
registasing she genexated reforpncathrenidimemsionsl pbject modad tin the
the reference image simlar to 20 the input inmage on
refe?mceofj%pg'démeﬁsmqaépﬂoﬁcésnwlmﬁge lectiomut i mage and
t he . . . . .
11. The image matching system according to claim 10, wherein
the three-dimensional object model generation means generates a
reference three-dimensional object model associated with each reference
image by combining representative three-dimensional object models stored
in the representative three-dimensional object model storage section every
partial region, on the basis of similarities obtained Ievery partial region
betwee:q reference images stored in the reference image storage section and
representative=th_ree-dimensidna_l object models stored in the fepreSentative

three-dimensional object model storage section, and registers the generated

- reference thr'ee-dimensional object model in the reference three-dimensional

obj ec.f model storage section.

~12. The image matching system according to claim 9, wherein
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representative three-di nensional object nodels

cal cul ated by the image matching neans and 9 January 2007
simlarities between the reference i nages and the
representative three-di nensi onal object nodels stored

in the reference imge matching result storage

section; 25 a reference three-di nensi onal object node
storage section for storing reference

PR Ly TR0 e s
: ' 0Q7 | ! [
mBgF ariti i tre e thired e hERURLFBRCO UL o iR drati

re#sgoci ated with reference images extracted fromthe
esult matching neans, fromthe reference
tNr egreidFBRSiceala g2 th §fithi |
Squad i TEneR 1ita g8 dn B IR eI ARE setal e

sinhiladitieh bbtech £16S AIBAGR ! IFBER s SXbIcAGHERe Pt R L g;}g%&

mat chi ng neans by converting the 1 nput inmage an

stotfige SQRIPAEE répRREEnftiverti8e-dithchBRuaf SHjcct HRIdEIN Sred

means, on the basis of the obtained reference

in the eprdsareasivenalredbmehsioiBlehjset ABHeDGRLIFR bddion, every
- partial”™. inmges respectively of the input 1nage and
pantfed regfoaw; ande i mage squared in input condition wth
each other; and 10 partial imge matching nmeans for
cal dileaesnly matihing anédns datraeethe roferpacd inddgd singidanfo
the input inmage and the partial inmage of the reference
thej inpyb igege patfg)@ linsis psinmdaydtien heeverirothenegpus imbfe aiftethe.
i mage mat ching_system according to claim 14, further
repgeFemtREVe hrepsdimersionalnehiettonalelsispbudateddest the image
regi stration neans for registering representative
maFCI?PrlEg IepansRYe3K parbigl segionsas similarities befrassetieataference
. three-. di mensi onal o0bj ect del storage section; .
1magesand #%@%el}té&i"§ttgﬁwgfm%%lﬁ§ak efreetegpdelsy sioged in
in the . reference jnage storag

the gEEFPIF Tange Dbty AL SHEYS HEDIOR g SSaTel Eape
means, fI%re i%noang%un%%.jtcriﬁng system according to claim 9, wherein
the result matching means calculates similarities between
similarities between the input image and the representative three-
dimensional object models and similarities between the reference images
and the representative three-dimensional object models, and in the

calculation, provides the resultant similarities with weights on the basis of

candidate precedence of similarities between the input image and the

comparison images and the representative three-dimensional object models.
14. The image matching system according to claim 8, comprising: -
| image input means for inputting the input image; |

a representative three'dil_:ﬁensional object model storage's'ecti_o'ri for

storing a plurality of representative "three-dimensional 6bject m'odelsr.;f"'- e
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calculation of the simlarities using the inmage
mat chi ng means, on a conbination of a referencerinmge007
and a representative three-di nensional object node
new y generated by registration, when a new
representative three-dinensional object nodel is
registered in the representative three 25 di nensi ona
obj ect nodel storage section by the three-di nensiona
object nodel registration neans, or_when a reference
i ragdndge §RKTien Seqns IREencstidng at leastege comagipon
. _section, by the reference ipage registration neans, 61
imgge clape 18 inisd £ORAHIOR ﬁge mpwdmagesvery gerrgsentaiiveon

to results in the reference i mage.,. matching result
thrgf dimsnsional phiRct medel ARLBS ATl tHRAEDEREBLR tikp Horee
.. generat.i on_peans.responsive to regjstragion of a .
dingFRte R Qb Bl Stied dnthe aRpre P iR S Rpep i hsional
. [ ree-di mensi onal object nodel in the
ob;%%?é%@%&fa%%éﬁg% ching result storage section
con ter | - C Iy
o R AL BRI FRGSe TUANRy Vot e
inplbi8zd] ' ' ' ' ] e
111'pr efer gng gﬁ %%ggggkggg%%@%ﬁ}éggqﬁ%% ?3%@8@%%9 aﬁyi %/Heé ' ®
genloRa §6n JHRSEA8&in © B 188 ki UHPE 3412y it vdsPBet to
representative three 10 di nensional “object model
congi 0 RPEINSRLE ia@Bo @Rt ddN® 1P ¢h Rlpréfitative tBFdd-HiméRdonal
registering the generated reference three-dinensional
objadtjmedel poeikregardinethe efpnanae sthilesityiagRnSndhality
obj ect nodel storage section. 16. The i mage natching
betwygen ¢he agndridiapg dred chareprbsentsttarectihtee diensional object
t hr ee- di nensi onal object nodel generation neans
modpdherates a 15 reference three-di nensi onal object
nmodel associated with each reference inage by _
c ontdi 1efergnecpnage starnge sectior forditomngithnakfabpee images of
,model s stored in the representative three-dinensional
ObJQ%ﬁ;’_ect nodel storage section every partial region, on
t he baii s of, simlarities obtained every partial

r egRJRIeTBREG MRS Bradehingrasligeterageosastionsfor gtoring

. _refere c% i mage storage section and i
similarifies between the reference images stored in the reference image

storage section and representative three-dimensional object models stored

in the representative three-dimensional object model storage section;
result matching means for extracting the reference image similar to

the input image on the basis of similarities between the input image and the

_represen,tativer three-dimensional objeCt models calculated by the image

matching means and similarities between the reference images and the

- representative three-dimensional object models stored in the reference

image matching result storage section;

a reference'three-dimeiisi(jnal object model storage section for

- storing réfer’ence three-dimenéional‘object models associated with th',é'ﬁ e

reference images stored in the reference image storage section;
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20 representative three-di nensional object nodels
stored in the representative three-dinensionalg phi,gb007
nodel 'storage section, and registers the generated
ref erence three-di nensional object nodel in the
ref erence three-di nensional object nodel storage
section. 17. The image matching system according to
claim 14, wherein 25 the i mage nmat chi ng neans
cal cyl at e si.mlarity,.between the.input . i
¢ epr e Gy o Rt pRtand o PhlE e Sefeachonduer
. [ Ls 9 nuary._2007 he, reference
obiBE otle JoRBd RE r PR b el A LB e resuls
S it re [ st or [
e T T B 20 od L R R B Ll Brorage
sechBR! 8§8N4AL L¥SnpRE BEn M ' ; d
o O S b P AR R BP LRGP TP Rati0R

refSreRicd 9@ a8 ektAete ENE Mo ros IR Eﬁét%hieﬂgfgf}eggg k@%n‘;@ﬁing the

result matching neans extracts t e | mage

inp@it Winlagk ahd/orl iR defirehcd MREGe @RtiAAEPBS tBe PEsult matching
simlarities between the input inage and the

CEAIN)

- meargrozseet lkisiy of tHy elstathaeRseanile P& AimERG8hE] object

- calculated by the image matching neans every parti al

modelg] amd genemsitinig paitialdmdpebwespedthely of ghehpait ihage and
i mages and the representative three-di nensional object

therefieesce Bragesqnarediinanpat eonditivn witdeeoavht athermgandesul t
storage section every partial region. 18. The inage
mat Partigl sysgematchineinagns dortadcnlatihg akiendarity beeveen
result matching neans calculates simlarities between

the pagiiphimege of i naav imegei anslithe paxjealdmpgeraf the reference

. representative three 1,5 di nensional object nodels and

1m3§ierﬁelnﬁ¥'¢f@aek§’ WegP ¢myeryipamapdrs.i mmges and the
reprlgsi tative three-di nensional object nodels, and in
t he 1ocaP@ dage JRataping pYEient Aecording fotleumild farther es
Wi th weights on the basis of candi date precedence of

COMPIIIREri ti es between the i nput i mage and the

TR BB B bSO SREEREIASE b forroisterin

‘representative three-dimensional object models in the representative three-

dimensional object model storage section;

_reference image registration means for r_egistering reference imagés
in the reference image storage Section; and

reference image matching result upAdate meéns for conducting

calculation of the similarities using the image matchixi’g means, on a

-combination of a reference image and a representative three-dimensional
object model newly generated by registration, when a new representative -

. 'three-dimensi_onal object model is registered in the representative three- -

dimenisional object model storage section by the three-dimensional object -

model registration means, or when a reference image is registered in the

- reference image storage section by the reference image registration means,”
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20 19. The i mge matchi ng system according to claim1,
wherein the object is a human face. 20. An i”&ﬁﬁmumy2007
mat chi ng nethod for retrieving a reference inage

simlar to an input inage, the inage matchi ng nethod
conprising: a step of making a match between the input
image and a plurality of 25 representative

t hr ee- di nensi onal object nodels; a step of making a

w1300, DS A, 15 S SEARGE 4 PRI e o

lﬁgg . retrieving the reference
m#ﬁ%g% S|S}réﬁ1 ar z%%@?%rgl%ﬁhg%ii i mge by using a result of

the ﬁﬁ%@*ﬂiﬁféﬂ%ﬁ»’&%ﬂ b el | tga}ii ive 1
representative t rtglgfeg?:rrens}ggg?xeao Jeg{é&?rrlg' STRBAG %0
rediStFHtibnQff a dienilB G hetRRENRER h'rege and
gt{ihe rlelp}r _esfient alt [ v@ht_t)ehr e.eﬁﬁrré%%?gfﬁg% %Eg‘g?gg{mgmdel S.
repléseniiaivie the e A6 k08 aEH;BO0RAE P NP dfBrdicaiiage
further conprising: a step of finding a reference _
matthiag-résuktorRl scotiph ebndBetet byagOfdfatcdde Wnlalbe th&tching
reference inage simlar to the input imge; and 10 a
resulteppddtenmuehys,rfor gewarating fie reférenes ¢hrdo@iaesdishdladbject
to the input inmge by using the reference
modél arsodiated svith the viferatcermdade Ianebhbiming ght reproseatative
22.. . The image_ mat chi n%met hod according to clai m 20,
thre@'dllﬁ@mw@@gpbjest mpdetesterabin thie téprassntmpivefthireardi ng
. a reference three-di nensional object nodel associated

dimgnsgpnalobjeat apedrlstoragg sestion oarthedasieof theuwimilaity, aad

conversion step qQf squaring an_input condition of the
regjSiETIne tha genewt oA Telenes tiwe-digiencional dbieascuedel in the
refiAn BhisaHETASIONY b RNl SOPRaEe. SeEHERs | onal  ob oot
' 16. The image matching system according to claim 15, wherein
the three-dimensional object model generation means generates a

reference three-dimensional object model associated with each reference

image by qombining representative three-dimensional object models stored

‘in the representative three-dimensional object model storage section every

partial region, on the basis of similarities obtained every partial region
betweer_l reference images stored in the reference image storage section and

representative three-dimensional object models stored in the representative

| three-dimensional object model storage section, and registers the generated

reference three-dimensional object model in the reference three°dimensioria_1

- object model storage section.

- 17. The image matching system according to claim 14, v'vhe_rein’_\-_'
the image matching meané'ca_lcula_.tes a_siniil'arity between the input

image and a representative thréé-di_mensional object in_ddel evé_ry partial

region,
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20 nodel; and a step of retrieving the reference inmage
associated with the input inmage by making a ned gdwuary 2007
bet ween the input image and reference i mage squared

in input condition. 23. The inage matchi ng net hod
according to claim22, wherein at the conversion

step, the reference imge is previously converted, and

an input condition of the input inmage is squared with
that of the reference image. 64 9 January 2007 24.

The fthesttpéereace Amage malebinnteor iptngage seqtumstores

oS3 el géacgmgzgz iRt S
o A S AR Shohong b EBE e
o BB PO AL BB SR

to.the. i nput, i mage every representative
paytialy g]c?nm"élﬁgl onal object nodel on the basis of the

PR ARl MR Gl TBAR AR The AL SSAI BB R

e represen ree- ITEHSI ona

the'f'ﬁ]g fl&t%%% %glgth?ﬁfnés %ar;]fll ?lmkdﬁeengﬁe | npuitﬁp‘i‘:le 1Hag © ancji the
rep8&&ht@five tﬂﬁré‘é’&ﬁﬁéﬂsﬁ&@al‘ dHE& IS rcalc@ﬂa@a E)hﬁlé ﬁﬁﬂ

gener ation nmeans, selecti ng a maxi nmum simlari ty Wi

mat@SRB Hhedits e RAFRAHIRPRediTR 3R ARSRGIREEHetHddh ﬁﬁecféference
representative three-di nensional 15 object nodel, and

imdRgand tHe #dpResBnthtivathidd-ahéhsions! ébjettibaslst ytored in
bet ween the input image and the representative

thetraferends tAge anaichDly Relult sodsts sect®nepread pairtial negibhe
reference i mages of objects in a reference inmage
st orldydtedetagematching system according to claim 14, wherein
the result matching means calculates similarities between
similarities between the input image and the representative three-
dimensional object models and similarities between the reference images
and the representative three-dimensional object models, and in the
calculation, proirides i:he resultant similarities with weights on the basis qf
candidate precedence of similarities between the input image and the
comparison images and the representative three-dimensional object mbdels.
. 19 The imagé matching system according to claim 1, wherein the. _-
object is a human face. |
| 20. An image matching method for retrieving a reference imagé
similar to an input image, the image matching method comprising:
a step of maklng a match between the 1nput 1mage and a plurahty of
representatlve three- d1men51onal object models, | |

‘a step of makmg a match -,between the_ reference' image and the

representative three'dimensional‘object models; and
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20 a step of storing simlarities between the

reference inmages stored in the reference i mage9 January 2007
storage section and representative three-di nensi onal

obj ect nodels stored in the representative

t hr ee- di nensi onal object nodel storage section, in a
reference i mage matching result storage section; and a
result matching step of extracting the reference inage

o g Bt e e e e e an e sunilAg o Fad mnput image

resent af i t hree- di pensi gnal obj.ect nodel,s

by WERHEET SRRt bl P ArFh Ge bk B Ty Shimingeas the

L 1L between the r.efere i es and.the 65 9
repRlcBlivh 5Bl ST LNELRACE AithaerOhar thppitet
: I [ N.a fer i e t chi.ng result
berRE R ho 3bREEHled linh 08 abfl B 06 fosch P BleE i Bbsfoin
,ﬂﬁ@ﬁﬁﬁBQ%EQ to claim24, further conprising: 5 a

t hree- di nensi onal object nodel registration step of

regigt qu e8nEah bRl di i '

nDdeIsqﬁﬁq?ﬁg&?ggrese%?%??sgigﬁﬁggﬂggﬁE%%g?%gﬁﬁgggﬁéct
conipidleihgst or age section; a reference inage registration

Sstep of registering reference inmages in the reference

I magestep of figdisg atreGivensd thitd - dinicse601Gh]édtaa6del

mat chi ng result update step of conducting calculation
assodiatdiewithnihearifdérease imiagg sitiflat 1egke impwhiniggareads, on

a conbination of a reference imge and a

r epraestembinewdy rétrésridg rhe seéfenahce il gecsimmibaieto thevimput
. Qgenerated by registration, when a new representative
imagkrhyeusingwhe irefeabnehiboee - dinralsidnsl obiscs mesded aind theenput
. representative three 15 di nensional object nodel
Imageor age section by the three-di nensional object nodel

registration nmeans, or -when_a new reference inmage is

r egeét "Eﬁ% dmage maching apathed acenrging to claga 2@ durdherpy

the.reference image registration means, and adding a
compxising the steps ofal cul ation to results in the reference

i mage, mat chi result. storage section. ) :
g step of Engﬂag a rel‘er‘ence {hr%e-d?mensﬁmal object model
associated with the reference image similar to the input image;

a conversion step of squaring an input condition of the input image

- with that of the reference image by converting the input image and/or the

reference image on the basis of the reference three-dimensional object .

model; and

~a step of retrieving the 'réfe'rence image associated with the input

image by making a match between the input image and reference image

-squared in input condition,

23. The image matching method according to claim 22, whereinat

the conversion step, the reference image is previously converted, and an _

.i_nput cond‘ition of the input image is squared with that of the reference = ©

image.
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20 26. The image matchi ng nmet hod according to claim

24, wherein at the image matching step, a simd gmbiry 2007

between the input imge and a representative

t hr ee- di nensi onal object nodel is cal cul ated every

partial region, the reference inmage matching result

storage section stores 25 simlarities between the

reference inages stored in the reference i nage

stoggge section and representative three-di nensional,

obj 4 Thedaragesmetehinggsethodanscardingdo rlainn 20hepmprising:

representative three-dinensional object nodel storage

sectdbinags,mupt shap of Mmpyitgisihe izpdtimagee resul t

mat chi n tep, the reference image sim]ar to the

i nptht step ﬁ’ié ing B RlHERR Ol PR TAGTS ti%?”éé@‘l’%ﬁl?%les
nd ,5 the r sent ativ

Obigﬁﬁlﬁﬁ‘fﬁﬁﬁ@%egﬁgée%g?@g thrRsodiacnsipeel olieet Bpdghorae

Sectigage mat chi ng neans every partial region and
PHilarities between the reference i mages and the

PG A R L RGPt
AL L1108 e e 5 g
thréSahéndBALIB)getShbRel tti?]%é Bﬁ%ils'oﬁhg ?Eﬁ\ﬁaggltahaé:ive three-

simlarities et ween e 1 np i mge a

dimeBIoR%eBbREL ¥R el SRrel IR R PhAesORiRfle tHTRIG S cAInal
simlarities between the reference i mages and the

objdce piREe BtorhioW @cdthdige- di mensi onal obj ect nodel s are
cal cul ated, "and in the calculation the resultant
si Mahdmdgeatatulingsten obchlvalabinged eithHafify bbewéastlse iput
of candi date precedence of simlarities between the
imaign @uid éavhgd the dotiyarisomnipidgesaeneraigdshytite iheage
representative three-di nensional object nodels. 28.
genFradiomegenapsadéitng: aethhidn anchmdlarityt withl méspedito
conprising: an image input step of inputting the
compapigoniimages agseniaiedowithtaachmgpreseintative thresfdimensional
.representative three-dimensional 20 object nodels in
objegt pasieb sk ragaydingthaomaiximns sivailaxiby est@ sindlarity

st or age, . i ) . .
between t]:?e input image and the representative three-dimensional object

~ model;

a step of storing the reference images of objects in a reference image

- storage section;

a step of storing similarities'between the reference images stored in

the reference image storage section and representative three-dimensional

- object models stored in the representafive three-dimensional object model

storage section, in a reference image matching result storage section; and
a result matching step of extracting the reference image siinilar to

the input image on the basis of si_milaﬁtie_s between the input image and the

representative three-dimensional object models calculated by the image -

- matching means and similarities betw_een the refere'nce images and the
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section; an inmage generation step of generating at

| east one conparison imge close in input condd Jan@hry 2007
to the input inage every representative

t hr ee- di nensi onal object nodel on the basis of the
representative three 25 di nensi onal object nodels

stored in the representative three-di nensional object
nodel storage section; 67 9 January 2007 an inage

RO B e 5
i At SRR g
eSS0 RO MLL0 SRELAPRLERET AL Y Y el Rk e

cord ri@i@';m larity between the input image and the
representative three-di nmensi onal object nodel; a step

of s§ @hidedihendiSh ST RNER ﬂam%ﬁgtrmbﬁ %Eeg)f bfveBistering

reference i nage storage section;, a step stori ng

reprefénativel thseddiMBASIOhARoKjREEIRAER: ih@ee@giwnegﬁw three-
10 the reference i nage storage section an

dimemiesehilgédtveol éir aerdhid@asioanal object nodels stored
in the representative three-di nensi onal object nodel

st oragefesende inmge registiafien etugeof regiemigClefagnte dihges in
storage section; a result matching step of extracting
thet tefereaice image stomge ssttivhizand o theé i nput inage on the
basis of simlarities between the input inmage and the
15 rapefesenredniage matadengiresuls iupdate stgpectcomdueting
calculated at the inmage matching step_and simlarities
calgdaierrpiithe sinilaridirsaising s image mpatchingpmesas: en ave
three-di nensi onal qQbject npdels stored in the .
comigpation«d a Tefarpacrarege fad 2 sepresepitivrthregrlimensional
step of stv&&i ng reference .t hree-di nensi onal obj ect

obieqapdelrpwlyarterpted Y tesittations Bience nPESewrdREYe
B B S R 05 B, Sk three
dimse%%}ciorf)ari’object model storage section by the three-dimensional object
model registration meane, or when a new reference image is registered in
the reference image storage section by the reference image registration
means, and adding a result of the calculation to results in the reference
image matching result storage section.

26. The image matching method a'ccording.to claim 24, wherein

at the image matchiﬁg step, a similarity Between the input image

and a representative three-dimensional object model is calculated every

- partial region,

the reference image matching result storage section stores -
similarities between the reference images stored in the reference image

storage section and representative three-dimensional object_modele stored
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a second i mage generation step of obtaining reference
three- dimensional object nodels associated W t$January 2007
reference i nages extracted at the result matching

step, fromthe reference three-dinmensional object

nodel 25 storage section, and generating at |east one
second conparison inmage close in input condition to

the input imge every reference three-dinmensional 68 9

o A R AL APl e, e
pagtlfi‘%ll%g?clﬁ{f%rﬁq i mge matching step of cal cul ating

i és between the input inmage and second

- COMPAY HRORshITBdaeIRR A ATk Bl RO o]
generation step, sel'8cting a nmaxi num sim I ar

) 5 $ LA Al i )

m:%?@t he#?%?gggﬁggl t rsgsz-gg?l_rrensi o%sgﬁ olb%%_ec_t i\#g ellgl?l%lgna(}l d

the _gaegimativE ehidexiehSibAk] jbétymageld caldlithld by the image
between the input image and the reference

hoa]

e .
-n)‘/ ,t‘f}"%e rr%nput

| mattbiiing rlbARNS 3R areill 06&ioNRER] sindBrifTAEbEIRAS: IR fFbRGhce

nmet hod according to claim 28, further 10 conprising:
imagdshamebtih represartativeltheed-dimdasionebbkibeminodslss biire@fin
regi stering representative three-dinensional object
th encé image maphaserasali steragy satiot eversipartial ebyient
nodel storage section; a reference imge registration
st e ofThediageamabchingmethodeadecostjng to olaitb 24 wherein
reference image storage section; and a reference inmage
nat @Hithg resslyimatehing step; simbaritien detweeny simdhcitlest i on
of the simlarities_using the inage _matching neans, on
betgeen 6@9 inR Wrags and the apprasentativpcthoee-dimensional object
presentative three-di qensional _ object nodel newy
moéﬁg‘ﬁ B lﬁl%?gg%tww refprence images apildbent at i ve

rorp Qe SRS ) ke B iy S Ben St I e
G388 e B 5518 S0l S5 g h bsis
of cﬁﬁ@id%ttgbwce'd@nﬁeh &f similarities between the input image and the

. comparison images and the representative three-dimensional object models.

- 28. The image matching method according to claim 21, comprising’
an image input step of inputting the input image; | |
a step of storing a plurality of fepreéentétive three-dimensional
object models in a repreSentative three-dimensidnal object model storage
section; | |
an image generation step of generating at least one. comparison

image close in input condition to the input image every representative'

~ three-dimensional object model on the basis of the representative three- =

dimensional object models stored in the representative three-dimensional o

o object model s_torage section;
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reference i mage storage section at the reference inage

regi stration step, and adding a result of the g yanary 2007

calculation to results.in the reference i mage nat chi ng

25 result storage section; and a three-dinensional

obj ect nodel generation step of, in response to

registration of a simlarity between the reference

i mage and the 69 9 January 2007 representative

thregpdi Sh - ohiec L.in the reference | €.

mat chi ng nges ugﬂq{é?g ?gegjeéfs,éémg?\ﬁg g %j:l%rd%éﬁe P n'tht input
imk 8% AhANGRKIJFREE HRp3MRY i | %tSh i

ggner ating the rc g%?r eir??g IP#:&%%_g%p#ﬁ%%ﬁoaﬁz;ﬁqgggzjag&generatmn_

steP d6lectiag $OmaRIB A b1 46y Wf'fl‘ﬁié(%@%ét %J.]&W%S%MSOD{ images

combining the representative t _ "ona
asKolojt6d withlehsh b pFeRentdtivd Ehrb8 R BRE8 A1 ¥Bject model and

thrgee-di mensi onal object nodel storage section on t
reguading the iagimum bianiladty 0@ siRdla3it§ Hhdech BRe input image
Eener ated reference three-di nensional object rmopel n

an

hbe refresemctive three-diinensiingd abjeebhflel;model st or age

section. 30. The image matching method according to

cl ai arste®, of sheriaprihe refeatntchimbposast-objents $h anafferehbs thage

nodel generation step, a reference three-dinensional
storgectactiobdel associ ated with each reference inage is

gener at ed by conbining representative

t hr estgpraf §song simbpeisies hetween the vefedence ineges stored in

representati ve three-di nensional object nodel storage
thezglqrepee imggy ytqrage sartioregnd weprasentativatiineentimensional

b.si m | rit'%es Qbt ai ned every partial 15 region_between
obigsmapdile stared dBhe Tepmpentative thsrelimmnsional gbiest onods
stoxf’?%%t l,on and regf?esent.at i ve three-di mensi onal obj ect
| SPEEER R rPiTeRce 1mags wmatchingirpaultsteraggiseetienonal
bj del , st. tion, t ted .
et el RS R S GHRo s e lBeatte Potegimide
I t hree- di ' I hect del
the L o B S B Vet e P e e and tho

repﬁ%@ﬁfa?ﬁ@tﬁrgf gilﬁ{e;ﬂséjg%a\}\e\ﬁg e ? iﬁlgoqei% ﬁ%lgﬁ#&g% U gﬂfgti%tra]liggg |

step, a sim
mattRRHLHRPAId %iehild1i66s ¥l . I8 o~
CHi cgﬁl a?ed evgl}lglzﬂ'iﬁgs AL ﬂ{bafje_f&%n%g 1mqi%g§ and the
representative three-dimensional object models stored in the reference
image matching result storag’e,_‘-sec'tiori;
a step of storing reference three-dimensional object models

associated with the reference images stored in the reference image storage |

section, in a reference three-dimensional object model storage section;

a secqnd image generation step of obtaining reference three-

dimensional object models associated with reference images extracted at the :

o result matching step, from the reference three-dimensional object model

"2.5‘

storage section, and generating at least one second comparison image close - -

in input condition to the input image e\:_rery reference fhfee*di_mensional e
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partial region, the reference inmage matching result
storage section stores 25 simlarities between ¢ guary 2007
reference inages stored in the reference i nage

storage section and representative three-di nensi ona
object nodels stored 70 9 January 2007 in the
representative three-di nensi onal object nodel storage
section, every partial region, and at the result

th [ il to th

ot BeRP 588 ol S SHEFSR L TEAEnE Dol bbbl i
mo?%fs\“%% the input inmage and 5 the representative
ree-di mensi onal object nodels cal culated by the

SI n ar And ﬁ%%@%@&l?ﬁ%‘f%peB?Eélﬁﬁiatﬁ?%%lﬂmgs P%tween the

ween efe ges ahn
: I
S SRR Pl 0 g s
gelftﬁﬁhbﬁnst@ﬁ eIt 4 )ﬁﬁﬂhﬂ I%113:1 Tlti f@%&ﬂﬁn 9
met hod accordi ng a|n12

confi®Stibdn nﬁﬁé&t‘hé&)cﬁ&@@ Wlﬂi E%(I:Kl[)f ﬁﬂ@fef@ﬁﬂ’iﬁ%ﬂree -dimensional
simlarities between the input |imge and the

objé@nhedelr} ahtl vegitdieg thé FRRSHANRA siDMjaeiRy as@ﬁ@iﬁa@l}d
simlarities between the reference i nages and the
betwepndherinhput vaagh nad-tte refeve neathiebdetensisiell Dbiyce model.
calcul ated, and in the calculation, the resultant
si ma%Miei msagy mapeling deetheidt decoadightts cbaint B8, father 15
of candi date precedence of simlarities between the
conmipmeingi mage and t he conparison inages and the
representative three-di nensi onal object nodels. 33.
The 3 ¥hege-dimenisiongl pbiesbmasled weglistintion stepiofrogistering
conprisin an, i mage input.ste of I nputting the
reprqg@gﬁ:amﬁggbreead@@@m; mqtngo lglinithp representative three-
repres ative ree-di mensi onal 20 object nodels in
EPiRISbek ts]

Rchnedael skrrage §e¢RO% onal obj ect nodel
st ora section; an, ina eneration step
gen@r%??wgmsemagg%@@w@t B3k ieri6 PePhene images in

ut condition to th |np1rld i’ mage every

the Irg rence image storage section; a

a reference image matching result update step of conducting
calculation of the similarities using the image matching means, on a
combination of a reference image and a representative three-dimensional

object model newly generated by registration, when a new representative

_ three-dimensional object model is registered in the representative three-

: _dimensional object model storage section at the three-dimensional object

model registration step, or when a new reference image is registered in the

- reference image storage section at the reference image registration step, and

. adding a reSu_lt of the calculation to results in the reference image matching -

: 25._

" result storage section; and

" a three-dimensional object model generation step of, in .response' to

registration of a similarity between the refeifenc.:e image and the -
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t hr ee- di nensi onal object nodel on the basis of the
representative three 25 di mensional object node} fanuary 2007
stored in the representative three-di nensional object
nodel storage section; 71 9 January 2007 an inage

mat chi ng step of calculating a simlarity between the

i nput inage and each of the conparison i nages

generated at the i mage generation step, sel ecting a
maximum simlarity with respect to, cqnparison inmages

repaeee&aawed:hm ﬁlreeeeoeewleeetnrnedpl/el they redenemse fegAal
&Lect rmfl and 5 regar& g .t he_ maxi rrumslmlarltyh
majehigegemy tstorage seetieR fop ecﬁeﬁmhtherrﬁ&een%en%ﬁ%matc ing
PSR e G T RRERS e gl S
aspfigthd Mith LE feratien it e 5 wrrBRiniRe the BaStesdh Blitftthree
dm%%e?@%érq%f? DLt éﬁogf%d?}é%%%‘égfe%‘: B F*?e&e‘eeee%%nea
objec?; ﬁngﬁelrﬁerfgseeéetcﬁbh\ﬁ% Eﬂerl?a?mg WP RN Eﬂ@z!lmﬂgjﬁ?lﬁtre esu%ltng

orage sec a reference I mage

the’ e?fe?'z‘ BRAeBle tﬁréee&%enéi@ﬁﬁml{j t%S@el% 88l Bbbh

erence I1nmage simlar to |nput I mage on t

thr@@ﬂhﬁeﬁémﬁelfbbﬁl’:ﬂ o8] HRLHBE Bedtitfh.i nput i mage and the
5 representative three-di nensional object nodels

cal @0, atedndge e tdhIAY S SEoa Nt RErdhe Ro AN S Y] WhEFdihes
between the reference i mages and the represent ative

t hr eg-tiethped-ohabnGbh&cdbjeet@bdebaiadtion st&)§ a reference
reference inmage matching result storage section, a

thred-dpmefisishal ohget mbdekbasspcidted evith wacls reﬁeaénceh;nmge is
nodel s 20 associated with the reference i mages stored
genepateldebyr efrebenug repmgentsttoveatferee shntensipnal object models
ref erence three-di nensi onal object nodel storage
storedcimi e, repmesemigive sheer dinpensongl dfiedbnadeli sigrage section
reference three-di mensional _object nodels associ ated
eveyy pArtiak wagenon thegasivef sipilavitigs obtaingd eupxy partial

mat_chi ng st fromthe reference three-di nensi onal
regr@gj E erenes g@@ges stored in the reference 1mage storage

section and representative three-dimensional obJect models stored in the
representative three-dimensiceal object model storage se‘ction, and the
generated refere_nce three-dimerrsional object 1rlode1 is registered in the
reference three-dimensional oﬁject mode] storage section. '_

31. The image matching method according to cleini 2_8, wherein

at the image matching step, a similarity between the i_npilt image N
and a representative three-dimensional object model is calculated every
parfial regior\r,- | | |

- the reference image matching result .stor_a'ge section stores

similarities between the reference images stored in the reference, image

storage section and representative three-dimensional object models stored

-e.ZTO._f'
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25 section, squaring an input condition of the input
image with that of the reference image extractegaly 2007
the result matching step by converting the input
i mage and/or the reference image extracted at the
result matching 72 ----------- 9 January 2007 step,
on the basis of the obtained reference '
t hr ee- di nensi onal object nodels, and generating
: FdAbad Lyel the i [ nd th
in \Fig% E lpg sedtadi&a tﬁ%@%gﬁgoﬁapébJ%&C%ﬁg?fﬁgtgﬁg%gg%c%g& ﬁvgry

nce 1 mage squared In i1np

paﬁ-‘igﬂe{e' 'cﬁpqna partial inmage matchi ng step of
calcuFating a similarity between 5 the partial image

of thetHeRWhlt ABEhiABG LM hg?&%‘éﬁ@hcé. iﬂg@ge 0fmi18fto the input

reference i|nmage genérate € I mage conversi on

imsge ex¥actdon! RS TR LA IBE B ALTOHY ilrh%g%?m%l' g Rd

33, further conprising: a three-dinmensiona j ec

themgebsortgiiss thtdeofiméRfonil dijaitshedéGalilated by the image
representative three-di nensional object nodels in the

matdping sesdiat éweaytgarerd regiorngidotialilobiiecbetisie] tikl Rfa@8ce
. section; a reference inmage registration step of
imagegi astdetliengpreseartative thaegdiméemsiohdleobjeftemedsk, storgé in
storage section; and a reference i mage matching result
theypérenceirepgomatohing rdsult 6ragd sactiani overpipatrtiel region.
simlarities at the inmage matching step, on a
con®Zndbiedrmagsf matehing meethediacaopling do alainpP8swherinve
three-ﬁ'i mensi onal _obj ect npdel A newy generated by
r egidkthareHt mplehing plem, Funilaxties be%/W@en piradarities
di nensi onal  0bj ect ﬂel is registered in the, )
betwapn gﬁ% HE%N%E‘%%E% freRyeseRiadiveddireedimeasionsl obingt
e three-digensi,onal object 5‘8 godel
é e

modgan ki ik tsen fhe relTPRre MBAGES i's
conf R e g I AR 0 B S0 e
cal 4. 8 D5 SO BB o bl L A B
of candidate precedence of similarities between the input image and the
comparison images and the represeﬁtative three-dimens_ional object models.
'33; The image matching method according to claim 22, comprising:
an image' input step of inputting the input image; |
a step of stofing a plﬁrality of _represe.ntative three-dimensional

object models in a representative three-dimensional object model storage

section;

an image generation step of generating at least one comparison

- image close in i_nput condition to the input image every representative
~ three-dimensional object model on the basis of the representativé three-
- dimensional_objec,t-:‘m'odels stored in the representative thr.e'e"_dimens_ional' _ |

object model storage section;

7
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a three-di nensi onal object nodel generation step of,
in response to 25 registration of a simlarityg japary 2007
bet ween the reference i mage and the representative :
t hr ee- di nensi onal object nodel in the reference image
mat ching result storage section conducted at the
reference image matching 73 9 January 2007 result
update step, for generating the reference '
t hr een dinage anhatvhing bjepodf cattd etingss simidd Bty betwreenhihe input
reference i nage by conbining the representative
imape aaddiachndithe abmpbrison inpgek gesemated atrtheHmage generation
representative three- dinmensional object nodel storage
stepeselectingm miagiuyi simifanitiewdihnidspert to coappagson images
regi stering the generated reference three-di nensjonal
asssisjated with epch pepresentative tiee  dimessionalohiscs mandel, and
obj ect nodel  storage. section. 35 The inmage patching
regatig the mawiinng soniatyns s sipplardybetyeepdke input image

anf hE FepBn GO P RE oAb OPGEE WA asooci at od

i th h tef el L is 10 ated b bi ni.

r epr SETR o FigEinE R e HRBRS FOREPS BLyUEFSTBdbT T aig Bt

in th tati t hree-di ' | obj ect del
SWOL8S S ct i on every partial region, on the basis of

S1 i | @td 4250 AL AO Y Wotloh dl +ohS0han RSLICERrod in

refe_rené)elmage S ore_ln%he reference 1 mge-storage
theS b cohho 30t BB SE e BhibN Guld Ve 2o hfFERSh @Rabe-Bh Sfional

noae In tthe n

S stor repres ative

- objtb-&r ﬁ%dgisfgtﬁfé@ﬁ?{hééx:éggééeﬂfﬁﬁ% tﬁ&@éﬁﬂ_ﬁeﬁﬁl%hhgﬁbje@tnﬂmdel

he ~generated ref ce three-dinensional objeéct

stobBeesedtion), 88iaSlefidtc imhBE mARhBIE ARGt storage section;
t hr ee- di nensi onal obj ect nodel storage sectron. 36.

The. 4 pegflt Wedtehingstep of edtrdecivgtiiadreferetbaiiagd similar to

wherein at the inmage matching step, a simlarity :
thebeiput dmagean theubadisefsimi2iritiosd batwepi else ivyait ineage and the

t hr ee-di nensi onal object nodel is calcul ated every
represdritative ¢hirestdimbaesivrakolgactemodalyecatenlabed gt tesithage

storage section stores simlarities between the
matefingeter andujmil agitinsdubtineentthe mefareane énagagend the
representative three-dimensional 6bject models stored in the reference
image rhatching result storage section;

‘a step of storing refe'repée three-dimensional object models.
associated with the reference images stored in the reference image storage
section, in a reference three-dimensional object model s_torage section,

an image conversion step of obtaining reference three-dimensional -
object models és_Sociatéd with reference images extracted at the reg‘ult
matching step, from the reference three-dimensional object model storage

section, sq’uaﬁng an input condition of the input image with that of the .

~ reference image extracted at the result matching step by converting the -

input image and/or the reference image extracted at the result matching .

72
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storage section and representative three-di nensi onal

obj ect nodels stored 25 in the representative 9 January2007
t hr ee- di nensi onal object nodel storage section, every
partial region, and 74 9 January 2007 at the result

mat chi ng step, the reference.image simlar to the

input image is extracted on the basis of simlarities

bet ween the input i mage and the representative

stopyiza £hS RASL e SbEReaSFIRpaPe Hafeerdganmicnt) obect models,
o A oSS R S B ISR oo
rofbibnch S BESALERET i Tl SRGTon SatE SR pReRL AR, chui ng
ot o PR b8 T A IRl o a1 fiek BRHvEen
thelfeotfe flal de BRY nh 360 At i DRRHEEARAGY bt fhe yeforence
im R e o L N P bt and in
the 34 Q'lfétih?dg'e%atéﬂiﬁgrﬁéﬂﬂoﬂ%oﬂi%g:?rciéih?§ ,%g'ther

3
provi ded with weights on the basis candi dat

| confifrégiagence of simlarjties between the input inmage and

the conparison inages and the representative

t hr ectldeowlisicannad bhpet ot regishintdB: stépof re@gtering

mat chi ng net hod according to claim 20, wherein the
repodyeatatives tlarcbtdinrerfsdaeal ocbfectAnpdelginnhé oeprseintigive three-

conmput er execute an imge matching nethod to retrieve
dimenswinal ehjeet mmalpd storage aectionsan i nput i mage, the i mage

mat chi ng met hod conprising:” 20 a step of nmaking a

mat @hrefetence hmage registrationagfeparfdegispénmarefeyende images in

representative three-di mensi onal object nodels; a step
the gplegeneminagatoragdeeciiaam amde ref erence i mage and the

representative three-dinmensiognal object nodels, and a

st e Ksferepes 1aaen guatebingresudhvpdateazep of apnducting t he

i nput i €, . ... . . N
calcuﬂ)tlon oPa'(Ige similarities at the image matching step, on a combination

of a reference image and a representative three-dimensional object model

‘ ‘nery generated by registration, when a new representative three-

dimensional object model is reg‘istered in the representative three-
dimensional object model storage section at the three-dimensional object
model registration step, or when a reference image is registered in the

reference image storage section at the reference image registration step, and

. adding a result of the calculation to results in the reference image matching

result storage section; and

a three-dimensional object model generation step of, in response to

-registration of a similarity between the r_e’ferenéé image and the

representative three"dimensional object model in the reference image

matching result storage section conducted at the reference image matching

7
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25 by using a result of the match between the input

i mage and the representative three-dinensional9g ahug§t2007

nodel s and a result of the match 75 9 January 2007 :

between the reference i mage and the representative

t hree-di nensi onal object nodels. 40. The inmage

mat chi ng program according to claim39, the inage

mat chi ng net hod further conprising: 5 a step of
reddlndpdgteastep] o gReeriting ¢hd refepshenthreodivehsivndé bbject

associated wth the reference image simlar to the
moddep absdcimgd; wish dha refeepned imagd by cembimvigrthetdfepresentative

reference inage simlar to the input inmage by using

. thideedinsdresi@rad @bjdut asedblastmiedinlthe pppesentative thuget he

input image. 10 41. The inmage matching program
dimensipdphopject mbdehstesage bertiomeayethebasisof thereimiarity, and

further conprising the steps of a step of finding a
registesingthe gmetaﬂg rﬁafﬁmmﬁatﬁ)lr% fligensipnal objaetswmedst Bythe

with the reference inmage simlar to the, input inmage; a

refgenncertibweridimensignabebiget mpdahsionper sREWM-ti on of the
convep THg TAg: FHfebing msshohapOF LRCto GLEr i ST hiRye
o oAl S SR, cEr LI o ol il
engEREAE et st o RO AR BB i
e BABA Bl RO e Bad PR Bt
RS 4 A RS O B Byl s
evdry B $92i0h{ Oh tH8balls MEmiBERIR MRl dBGRry partial
region between reference image‘s‘ stored in the reference image storage
section and fepresenta-tivg three-dimensional object models stored in the
representative three'dimensio_pal- object model storage section, and the
generated reference three-diﬁénsic;nal object model is registered in the
reference three-dimensional object model storage section.
| 36. The image matching method‘éccording to claim 38, wherein
at the image matching step, a similarity between the input image |

and a representative three-dimensional objeét model is calculated every

partial region,

the reference image matching result storage section stores
similarities Be%tWeen the reference images stored in the reference image .
storage section and representativé three-dimensional object models étored o
in the répre’sentative three-dimensional objeét model storage section, _éve_ry -

partial region, and

74
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25 43. The inmage matching program according to claim

39, the inmage matching nethod conprising an i R@guary 2007
input step of inputting the input inage; 76 9 January
2007 a step of storing a plurality of representative

t hree- di nensi onal object nodels in a representative

t hr ee-di nensi onal obj ect nodel storage section; an

i mage generation step of generating at |east one

conparlson e close |n inpput condition_to the
i nputt ¢ va Iesﬁé@éﬁbatrﬁ@en@we@g@ pireiler e input

lmas%bwaa%red 5 etbaniniel Sdlast e bR Hispreseiraenand

1.on,

th ?p}j&s dl Ir‘fgnal @Bn%ﬁsﬁgé?@%%ﬁ W@g%‘l%gq%msﬁahd@t the image

L
1m§€ése§ﬁ& e ?%ﬂl@ééﬂ?é%%'t%& gl hy §1Hn%]a%% G gggzh?%o(reg én

ari son nages aSSOCIa

thetféT&%ngé 'i&'ﬁ %chx%f@s‘fﬁt 5@6?5% %&@ﬂb ?&%@‘&&Ja{}ﬁaﬁ p‘%%ﬁ{‘

nHXIﬁUﬁ]SI a sim

| magey, ang gisger RRLESE tﬁéﬂh\bﬁ é&&f‘cﬁpg tB‘%ﬁhPQS"wBlefﬁﬁt

15 nodel ; ep of s oring t e reférence | nages

obj Q&%ﬁe'r@s@ltrrﬁﬁ&hﬁﬁ‘é? StdpTBHRIlaBitRE %@@Wﬁ@ﬁ%hﬁﬂan@m%t ep
of storing simlarities betvveen the reference i mages

betsfeon@le ifput Bagehad @HE Qep FRELLAIRY AR TRAINRbIAN Gbject
representative three-di nensional 20 object nodels

modéloraad dimildritiechsteasn! thisi referohteémdigs®asiahal obj ect
nodel storage section, in a reference i mage nmatching

reprawolatizge dn:@gedmmatsnmal obijebt modeds akré cakutdtedgand én thé

extracting the reference image sinmlar to the input
calqulaigen cthet tegubiast similasitivs|sae iprbesledevithencights omphe basis
i mage and the representative three-dinmensional object

of c&@d@iag,e paceedenced! pynilaatiesrhgtween the input image and the

comparison images and the representative three-dimensional object models.
38. The image matchin:g mei;hod according to claim 20, wherein the
object is a human face.
39. A program for making a computer execute an image matching.
method to retrieve a 'referencé image similar to an input image, the imagé
matching method comprising: *

a step of making a match between the input image and a plurality of

.tepresentative three-dimensional object models;

a step of making a match between the reference image and the

representative three-dimensional object models; and

a step of retrieving the reference im_age similar to the input image -~ .
by using a result of the match between the input image and the = _

repr_esentative.three-.diﬁensional object models and a result of the match
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el
assgpigf

25 matching nmeans and simlarities between the
reference images and the representative

t hr ee- di nensi onal object nodels stored in the ? January 2007
reference image matching result storage section. 77 9
January 2007 44. The inmage mat chi ng program accordi ng
to claim43, the image matching nethod further
conprising: a three-di nmensi onal object nodel

registration step of regjsteri e, tative.

bel Tt i TR e o At i raresen e iR ubiisiendk
_. 5 di mensi onal obj ect nodel st tion;

objplf 838, Tage roqi stration step of registering

oot 18, FBe HERGE hagddhintd Vel L SALRAIIITLE B0 e ispae
mattER : eﬂ%ujﬂﬁrth&gcoxﬁﬁf-igﬂ{ ation of the simlarities

usi n e |1 mage mat chi ng ans, on a 10 conbinati on of

are :
i e A R AR Ral chiect medpl
asdoBlHted Mith 9Re r¥fR8EN@ ineYEd SRIBSERY tHel WP ut image; and
t hr ee- di nensi onal object nodel is regiSteredin the
r epr st o herelyt RAEeving theneifsrdakce Ojags similde ko shoigne:
section by the three-dinensional object nodel
imaggb ushig the refertnce threwhidimensional sijeciemodel amdithe mput
registered in 15 the reference i mage storage section
imdge.t he reference i mage registration neans, and addi ng
aresult of the calculation to results in the
r ef etleide imaggmatehingiprggrandacostivgdgelaioc 89.0ihe iatage
The i mage mat chi ng program according to claim 43,
majglirgimethod fuitherrempmsinghbagtepsep: a sinilarity
between the input inage 20 and a representative
t hr eesigpraifinding a wipreace tbrra dimenrsipral chiee wodely
artial .region, the reference, im mat chi ng result
%‘g@’l gb? mfegqrwpéglaggiqmﬂ@ritpi%gg IBRHhwEAsYhe

reference images sgored.in the reference é{{g%%e. :
st orfatfRVEEROROHER RH SWHLRE SRt 1RPU) SORAIRA o theDpYh image

witﬁbch%% tof ﬁ?éj %éi%rgﬁc%ri%jage by converting the input image and/or the

reference image on the basis of the reference three-dimensional object
model; and |

a sfep of retrieving the reference image associated with the input
image by making a match between the input image and reference image
squared in input condition.

42. The image ndatchingprogram according to claim 41, .v'grherein at

‘the conversion step, the reference image is previously converted, and an.

input condition of the input image is squal_'éd with that of the reference

. lmage.
43. The image matching program aécofding to claim 39, the image -

- matching method comprising:

an image input step of inputting the input image; R
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betyggnthe dppREHmABE AR

25 in the representative three-di nensional object

nodel storage section, every partial region, anghn(8y>007
January 2007 at the result matching step, the

reference inmage simlar to the input imge is

extracted on the basis of simlarities between the

i nput image and the representative three-di nensional

obj ect nodel s cal cul ated by the image matchi ng means

oL s A2 B P o o
th - di [ I ject del.s, st d, i t
oo BB R PR sl b e

secﬁ?ornt;i al region. 46. The inmage matchi ng program
according to claim43, wherein at the result matching

o B R PR P i e
) ke 11 SRR ST L 6L | ERe B Bntative

thlieﬁgﬁﬁie‘ﬂsmiﬁﬁﬁlt Ot oh tiHéCi?As‘is Bf the Rlp Tl At tve FRfed-N

calculation the resultant simlarrties are

dinBsrbASobibs mveblg htSre@nint 1R RPbSontRiive eRFlcd@kCensional

precedence of simlarities between the I nput 1 mage and
objeftemodel@aragoOsectithges and the representative

t hr ee- di nensi onal object nodels. 15 47. The i nmage

mat o gape agitehimesiep dif egldudatihgiargidilarithchdtweea the input

mat chi ng nmet hod conprising: an inmge input step of
imagepand each phehé apmparismy énages gepewited bprthadmage

plurality of representative three-dimensional object
genepaiby means, selpctingra mpxune unh sbeildrite matlonedpeobiect

nmodel storage 20 section; an inmage generation step of
compayasan Fnggen asseastedmath eaghurepesentativget heberdémensional

i nput _condition to the input inmage every

- obiectgpedely andirpgarding dhe an apimvorsimiljtyds asimeilagiy t he

basi s, of. the representative three- di nmensi onal object
E tiie FERERSSDAAGL VR thieehimensional avaget

mo(%ﬁ; obj ect nodel stor a_{ge section;
a step of storing the reference images of objects in a reference image
storage section; |
- a step of storing similarities between the reference images stored in
the reference image storage section and representative three-dimensional

object models stored in the representative three-dimensional object model

storage section, in a reference image matching result storage section; and

a result matching step of extracting the reference image similar to

the input image on the basié of similarities’.befween the input image and the

. repreéentative three-din:iensional object models calculated by the image-

“matching means and similarities b'efweén the reference ilﬁageé and the

representative three-dimensional object models stored in the reference

~ image matching result storage s_ectioﬁ. o

e
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an i mage matching step of calculating a simlarity
between the input image and each of the conparg s@iary 2007
i mges generated at the inmge generation 79 9 January
2007 -step, selecting a maximumsimlarity with

respect to conparison i mages associated with each
representative three-di nensi onal object nodel, and
regarding the maxinumsimlarity as a simlarity

bet the input image and the representative, .

¢ hr eSS TR HEPE g?atsg?f&w%a@ %ccercg}ngtf@pﬁ%lﬁn dbotheignage

t.he. ref epe [ es of. objects in a reference i mage
m%%ﬁ\”ﬁg‘@e@?gﬁgﬁgggc@?gﬂsﬁé'st oring sinilarities

e S8, LA TIS RS it ol e
- g ' D] mdel . d | h .
s BESENTIAF SO5hon O IBERER BELA0 S e

- dimdiees %Z&Jt! ABeel é}o@aséﬁe{e%[rzriggce i mage mat ching resul t

storage ction;, are ching step of extracting

the 4 %@f&{b@ﬁﬂd@&gﬁtgﬁgﬁﬁ S\E]éf)t %fﬁgiét@ﬂﬁg ﬂe@%ﬁcé’ﬂ:{lég& in

basis of simlarities betwee e nput "nmage and
the R0 bz AtdraeesiigRBiPnal obj ect nodels
cal cul ated at- the image natching step and
si nid pefbidres iBpigsaAAtdHIAe ¥4l epdatd Rndubtifig 15
representative three-dinmensional object nodels stored
caleulatibe of ehegbnilaritiozagen fehe hhage hRfdhingin®aagcon a
section; a step of storing reference three-di nensi onal

- contiijpetibn w datefereass dmiagt echdvd téprebentativer Bnee-dimegemnal

stored in the reference image storage section, in a
objecsimapdel aewlyrgencdatecsy trmstratipecwhendehewtiepaggentative
section; 20 a second i nmage generation step of

| thregsdimeansignakokieehowdehisomgistershisi dreatepobpentativodbree-

. associated with reference i mages_extracted at the
dimessignal ghiechimrsled storage seatiom by the heer-dimensional object
‘ %pgree.- di mensi onal obj ect nodel storage section, and.
MOoYRAFERHT AP NG dgs PT BiRe b BeW eiasnpes Lwade integistered &n
in.input. condition to the i nput jnmage every reference
the xpfesehon WRAgS BVARES §ectireby U BRI T o TRAGSHES IR LT

| mea?nbst, %In ead@idiﬁfg %rr%rslgft éfl} %ec_ ?clqutqgﬁ (g] %(lesuci?é 1er§: %:he reference

image matching result storage section.
45. The image matching prbgrani.according to cl'aimr43, wherein

at the image matching ‘step, a similarity between the input image

. and a representative three-dimensional objéét model is calculated every

- partial region,

the reference image matching result s'-tora'ge section stores

similarities between the reference images stored in the reference image
- storage section and representative thi‘éé-dimensional'objeCt models stored

in the representative three-dimensiozial object‘mddel storage section, el{rery' =

- partial region, and -
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nodel s; and 80 9 January 2007 a second inmage matching
step of calculating simlarities between the i N@Wnuary 2007
i mage and second conparison i mages generated at the
second i mage generation step, selecting a nmaxi mum
simlarity fromanong second conparison images
associated wth each of the reference

t hr ee- di nensi onal 5 object nodel s, and regardi ng the

maxi mum simlarity as S|n1lar|ty bet ween the i nput

i magdd Eiedrashéd meft@nea@éen,whe seterpBes iage sopjlatto the input
nodel 48. . The |3§1 tch g prggran1a coyr di ng

1m%¥%¥91ﬁ3¥4?¥a°tf3ﬁém|fr}ﬂ& ties helgvean t anput 1mage and
0nj,e

Con@é%if%@%&ﬁ%% g,'ﬂggg ??%gmféeﬁéﬁﬂﬂemdaw%e image
mapilfige m'a%”ﬁ%ﬁ'%%&?%r el ige bEBRET Hie e étence
imfeosch i B HRgee v i BhaPhnBod] ahith 8 03%3“’1"—‘0‘ in
thesxt%‘feﬂe%?e i3 SpA RS RNG TROS LGOS tROBLE,

con I on arl

of oo, e SRS and‘ﬁﬂhﬁﬂg%ﬁfﬂ%w lﬁgttﬁ?@%?%tﬁ‘é?%a?
- obj actttha%ehltqﬁawuﬂ?Eﬁdpa%ﬁﬂﬂﬁﬁtfe%%e%%éh'seaﬂaM?é@ a

new representative hr ee- di nensi onal object nodel is

bettv%@h%h@ 'iﬁﬁut finhBE ahBRHE $EPEAREh MR IVd E18Rw - dintBsd ol dbject
obj ect nodel storage section at the three-di nmensional

‘mod@élseeld Aehilmdés besisdn fHel 10fer®hed imdigeaed thenew

reference inage is registered in the reference inage
repsésenidgidve ehidcofingdndidea lrobijestancdels g @aldatdd; ahiddn the
step, and adding a result of the calculation to
caladatibh she reshidanesienitnddes aegprowtiediwith weightston the basis
- storage section; and a three-dinensional object nodel
of cgudulade precestempe of simiaritiepbatwedm the inpwpinsagasndthef
asimlarity between the reference i mage and the '
comEeosem agasand ﬁneeeepdeaﬁattetwnézhre@ﬂeuenmeﬂ object models.

reference i mage
7. The image matching program according to claim 40, the image

-matching method comprising:

" an image input step of inputting the input image;
‘astep of storing a plurality of representative three-dimensional

object models in a representative three-dimensional object model storage

‘section;

~ an image generation step of generating at least one comparison

image close in input condition to the input image every representative

three4dimensio'na1 object model on the basis of the representative three-
dlmensmnal object models stored in the representatwe three- dlmensmnal

obJect model storage section;

an 1mage matchmg step of calculating a s1m11ar1ty between the input

image and each of the comparlson images generated at the 1mage generatlon
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mat chi ng result storage section conducted at the
reference i mage matching 81 9 January 2007 resdifdnyary 2007
update step, generating the reference
t hr ee- di nensi onal object nodel associated with the
reference i mage by conbining the representative three-
di nensi onal - obj ect nbdels stored in the representative
t hr ee- di nensi onal obj ect nodel storage section on the
" basis of the simlarity, .and,registering 5 the
stepe idlealRg 2 BARIRHELSINHI AV HE EASP A tosIoRRATISAIHER AL S
the referenc t hr ee- di pengi onal. obj ect del storage
asSOGAP 11113 GCH FRP oA t BRPAGPEBSIORM SB16H rodghand

b el TS o
anfehe EhpaPReaie B Bang hoaliodal bt Bats™c ' ™o ¢

S

‘stoée?%%é&ﬁon?very partial region, on the basis of

arities obtained every partial region between

f . . H t .
ref of BREOfIIRIRS sﬁhﬂaﬁ@wsfbet%ﬁ@eﬁ% 8&81%9&&491%&%%%%&%{)?&&;1

section and representative ree-di nensi ona

thefeéabencsimh e stdrakd Reditor Sﬁ&@?ﬁfﬁs@hﬁ:fyﬁve thre_e-dimensaonal '

t hr ee-di mensi onal "obj ect nodel ™ storage section, an
objédtanodelbetdreddn thbebpRaent 4 € tIhaFEdizt ST n ARL§EH model
nodel is registered in the reference
stotdpeemctibneiisa oafelrend) ied gometthinalcaglt S6aidesRctibf;
The i mage mat chi ng program according to claim47,
whereresultanatdlengmbgreof@ttchcting she pefeacisdenintsgd $iynilar to
between the input image 20 and a representative
thetinpebinagenaitba dlasthjfeimilmiteds hetweancibleanpdt émegy and the
partial region, the reference inmage matching result
reprasgnbefeve Hereeuti mansiawml objesit imedals ealondatiedert theamage
reference ipages stored in the reference i mage

malehing gersand sispilarities bpreeunthe referennedmaesmnsg dreal
oe[k%j ect . nodel sdﬁtoredréi in the representative
repy PEE@‘%N%&FF@P' Hengknad st apodels stayed 4a dhe saferenes y

. artial.regio and .
image matciung esurif storage section;

a step of storing reference three-dimensional object models

- associated with the reference images stored in the reference image storage

section, in a reference three-dimensional object model storage section;
a second image generation step of obtaining reference three-

dimensional object models associated with reference images extracted at the

‘result matching step, from the reference three-dimensional object mo'dell
_Storage section, and generating at least one second comparison ima.gé close
- in input condition to the input image every reference three-dimen‘siona‘l o
-object modeél on thé bﬁsis of the ob'tained referénce three-dime_nsibhal objécﬁ

" models; and

89 _




10

15

20

25

82 9 January 2007 at the result matching step, the
reference image simlar to the input imge is

extracted on the basis of simlarities between %Laguaryzo()?
i nput image and the representative three-di nensional

obj ect nodels cal cul ated by the image nmatchi ng neans
every partial region and simlarities between the
reference 5 images and the representative

o o AoB s ol e RO bbb et it betarap the
inef e A 0Ms3hnd R biparspnnores Eane e AL Elbnd image

ol FR AT
oo SAEHITES 0kl R SO e
e L

betReeN tA8 nPht n &l EPH%h@ eldtEnf2Bilre-d¥henaliHddbfect model.

precedence of simlarities between the I nput inbhge and

the 48¢ QHRAk 3R i bEHIAE A0Erdrh AcbSHdieS ENE1REIMVET, the i
t hr ee-di rrensa}?g‘gnal obj gg? grr%del g 15]?%2. The imagglmage

matohi e inghpd dgFihey 268Priling: to claim 41, the imge
mat chi ng net hod conprising: an imge i nput step of
I nput throer ditensiomal objore @iode] ségiptrationtstep 0 régistering
plurality of representative three-dinmensional object
repraseabstivartlaree e resmidredli obgedt medel d inrelns repralsenty tévd three-
nodel storage 20 section; an inage generation step of
dimgesmmad chigchmddedstorage sectipir i son i mage cl ose in
i nput condition to the input image every _ .
r epeaserence wage registufitinmstieprodfiregisiaring neféseneminsges in
basi s of the representative three- dinensional object
the ypigaencespagaistoragp seqtiqiy édéht at i ve t hr ee- di mensi onal

25 obj ect nodel 'storage section; _an i mage matchi ng

st e 15ferenre Image ﬁ@at&%smgrmsa#lt updafesiee H%P%(S‘F‘Pﬁbﬁg

i ge a each, of. .t he conparj son i mages generat ed. at
calcp@ ‘Pl?rﬁg eg%lﬁgwlﬁl?l%ﬁ using the image matching means, on a

combination of a reference image and a representative three-dimensional

object model newly generated by registration, when a new representative
three-dimensional object model is registered in the representative three-
dimensional object mode!l storage section at the three-dimensional objéct

model registration step, or when a new reference image is registered in the

- reference image storage section at the reference image registration step, and

" adding a result of the calculation to results in the reference image maitching

result storage section; and

a three-dimensional object model generation step of, in.res_pdnsé to

registration of a similarity between the reference image and the

representative thre_e-dimensional object model in the"'refe.r_ence image

matching result storage section conducted at the reference image matching
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83 9 January 2007 step, selecting a maxi mum

simlarity with respect to conparison i mages 9 jgn 2007
associated with each representative three-di mensi ona

obj ect nodel, and regarding the maximumsimlarity as

a simlarity between the input imge and the
representative three-di nensional object nodel; 5 a

step of storing the reference i mages of objects in a

s SRR RETIS B e Bh UI moc
co R Y PRSP OR FL She2BE R v
o AL oA 8 RO 9o 561 PR e

objiéﬁ%agg St6-ddeOhetidn’ ot b@% gbflﬁl%seﬁélﬁ%dﬁt,a% xre%‘féntle?i%g

e rererence 1 mage simiar I mage o

- thelRSesa il 2iddchas itﬁi'&sdﬂ%ﬂﬁgﬂalt(f}ﬁeég:%&ﬁeli iﬁ?@\% chehbe
a t nodel’s

representative three-di nension obj ec

thréedombasiedaPbbjebEmodBYStordBs Sédtith.St ep and
simlarities between the reference i nages and the 15

r eprdds @hediage mbtdEngdipiogein Bakbordthe ¢ cRRCLS whereed
in the reference imge matching result storage
sectatdhe thred-dimeidsishal objact mbdebgaterhtioneteh, e rafb ol
obj ect nodels associated with the reference i mages
thred-direensinnahebjeef modnk asdoniaged stith ageh refecénicenmage i
ref erence three-di nensional object nodel storage
gengwateddy, condbiaing mepresentatiresiture stimpnsionabvhjeet ngpdels
ref erence three-di nensional object nodel s associ at ed

-stongidtin thefreprercatativg sbresxdimensionaliobjent medell storage section

mat ching step, fromthe reference three-di mensional
eveppparialysgian, sndhegeasis eb simjlaritigs abtaiged gvemppartial

condition of the |nput imge wth that of the.
regioprhatween refprgucenages gered in He relsrgncerdmans stgragep

by converting,the 25 input inmag nd/ or e reference
seotfdh, 48T SaPreseLLR R TRtre QERNStOT DGt grodela storh iprige
repr%%?éﬁqt% @)&Eg%ﬁg%ﬁag%%arl% ferc rx‘rg:oedetl %{c?r%]gglsggtqgﬁ,oz{}? the

‘generated reference three-dimensional object model is registered in the

refere_nce three-dimensional object model storage section.
50. The image matching program according to claim 47, wherein
- at the image matching étep, a similarity between the input image

a_nd a representative three-dimensional object model is calculated every

~ partial region,

the refereh_ce image matching result storage section stores

- similarities between the reference images stored in the reference image

- storage section and representative three-diﬁensional object models stored

in _the representative thre_e-dimensional objécf mod_‘el storage section_," every

3 ‘partial region, and .
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9 January 2007 and generating partial inages
respectively of the input imge and the referentgnuary 2007
i mage squared in input condition with each other; and

a partial image matching step of calculating a

simlarity between the partial image of the input

i mge and the partial imge of the reference 5 inmge
generated at the inage conversion step. 53. The inage

mat Ch Rhe PEQQY gf%t@ﬁﬁ%rﬁb@gtﬁeore%l@n% ?&’ag& UEnhIRES the input
mat chi ng net ho urt Rer Tonprising:  a

imbBE 88 e HiEBRY BNele MRIE6T TIRAS RS %gﬁ&éé}'i iﬂ@ixﬁﬁ%&m@i&e and

registering representative three-di mensiona

theTpéieSchiativea 6P RS EALIBhAY 8bebt %%dei&cﬂ&ﬁ@f@dégﬁ‘ ghe image

obj ect nodel storage section;” a reference I ma

matebigf mahho evelyepar@ial region! £hd BEni18FHEIE PebwbdRA&SrdBrence
the reference inage storage section; and a reference

imbgegandihe bem@sewtive thrdeidemeheional objrf ddend stored in
calculation of the simlarities at the inmage matching

thesrefprenze imagemhatrhingresuld stfrage semﬁxﬁmﬁc}mﬁﬁl 288lion.
representative three-di mensi onal object nodel newy
gened hit'Bee byagegiaschingi ppogravneaccardiay to efaias 4Titwhessn
three- dinmensional object nodel is registered in the
r eprasidietgsnltenatohing stipmehwilantiesdigteetn sidihrisiesr age
section at the three-dinensional object nodel
betFV@gpstS’PdflPBhﬂgﬁ% and thepepresensdidve txeer dizmpmsicnal object
moa?el%{%tgier,ed_ in.t hg_? 20 reference i mage storage section

simdaritiesbetwasa thegreference amages gnddhe  addi ng

renfeteGRB e Hhire D AR ool d S e dgledeios; and inhe
el BT 8 R A P R i
o ch LS 0o DB PR RS an s
S R e T

9engRathRY 38 thefRies bfo é‘xférn? %aé’dﬂa‘fﬂé b Eﬁ_limotﬁj, &b i1§15dge
matching method comprising: | |

an image input step of inputting the input image;
~ astep of storing a plufa;lity of representative three-dimensional

object models_in a representative. three"dimensional object model storage
section; | |

an image generation step of generating at least one comparison

image close in input condition to the input image every representative

three-dimensional object model on the basis of the representative three-

_ _dimensional object models stored in the representative threé-dimensi’onal

object model storage section;

- an image matching step of calculating a similér_itj between the input

| 'image and each of the comparison images generéited at the image gene_r_ation :
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—ie-- - B 9 January 2007 nodel associated with the
reference image by combining the representativeg January 2007
t hr ee- di nensi onal object nodels stored in the
representative three- dinensional object nodel storage

section on the basis of the simlarity, and
regi stering the generated reference three-di nensi onal
obj ect nodel in the 5 reference three-di nensi onal

S Aok RN SRE By T CRGPEL s

asdodiz6d WiBEBALR PébredOh R lved M- BARSLRNP BhRlf hodd], and
reference three-dimensional object m)gel associ at ecf1

regiirfiih LB maslBLAN SRl ABEGL S & siBERSIRIRIwRYN ¢R %ﬁf‘ﬁnage
representative three-di nensional object nodels 1

and the eepresei ttiveciliresdithahbional bbpet digielsi onal obj ect
nodel storage section every partial region, on the
basi s step ofi siotiagithe esfepbhcd edg@yef objeak th al reféreBic@Rmage
bet ween reference images stored in the reference inmage
stozager sapbionsect i on and representative three-di nensi onal
obj ect nodels stored in the representative
t hr eesigpradistoning sinnlavities hetween tthe agferemet invagesastdred in
the . 15 generated reference three di nensional object
thegstpzenee 1page starpgel seetiathand repegsensative three-dimensional
t hr ee- di nensi_qnal obj ect nodel storage section.

. ] 0 - 55.
objegtanodels storgf dnithg rpprRsentrtive Shxserdimensionalmbiget model
wherein ap the,i nmage matchi ng step, simlarity .
stoRage RECHORHIR 2 pfren ge@tehinggesulimteraspesection;
t hree- di pensi qnal object nodel is calcul ated every. 20
par B SEuligBRLThinE e of SHERdan e, Etoaeag Wpaeostifar to
e_section,stores. sim/larities between the
the 050 P BB S bRl e and e
i.0 .representative three-di si.onal
o DS SRR bR i
i . [ .section, ; gvery
a5 LARRL A il OB e BHARE 0GR B
rpiShenieh o AIGS S RASLTL it HIE RN 3R o
imak8 Rt tchiBe fetMlstorage section;
| a step of storing reference three-dimensional object models.
associated with the reference images stored in the reference im'age__z' storage |
section, in a reference three-dimensional object model storage section;

an image conversion step of obtaining reference three-dimensional

'_ob_jegt models associated with reference images extracted at the result

‘matching step, from the reference three-dimensional objebt model storage

section, squaring an input condition of the ihput image with that of ther
referen_ce image extracted at the result matching step by converting the

input image and/or the reference image extracted at the reélil_t_'ﬁl_;:atchiﬁg. |

step, on the basis of the obtained reference three-dimensional object models,

84 - 




10

15

20

25

86' 9 January 2007 image and the representative
three-di mensi onal object nodels calculated at ¢ Rfuary 2007

i mage matching step every partial region and
simlarities between the reference imges and the
representative three-di nensional object nodels,

stored in the reference inmage matching result storage
section every partial 5 region. 56. The inmage matching

anBsR9 %egeglﬁg gemhpﬂegeﬁeep ?ﬁeg\e’?@ﬁeempuﬁmé% %Igfﬁ!ﬂé t

p, simrarit ween sifmi ari

refORiRSMAAEs I ih TROR: SHUILDR WiER ASRALALG

t hr ee- di nenst onal object S an sim

bet W@%ﬁrﬁﬁ?nﬁﬁé@h@ﬁﬁ&ﬂg@a@ﬁ feeréuizmn%g Bl 'He%bélﬁ

t hr ee- di nensi onal obj ect eI S are c ate and 1n

thd pertilabeagerss 08 inplieing o bhanhe YeFth# ik §9f Brof
pirj‘&e{/rded W th vvelnglﬁtslongt he agliisa1 Igf caﬁ didate oo

impgegeanaated at thé inbas cbhegshetswepn the input inmage and
the conparison inmages and the representative

t hr e&8. diheeim b ge alatohinggirogedial fecofling TheldimmEe, the image
mat chi ng program according to claim39, wherein the
matchippjmethddsfuathemmmprsiag: 87
a three-dimensional object model registration step of registering
representative three-dimensional object models in the representative three-
dimensionall object model storage section;
a reference image registration step of registering reference images in
the reference image storage section; and
a reference image matching result update step of conducting
calculation of the similarities at the image matching step, on a combination

of a reference image and a rep;sesentative three-dimensional object- model

newly generated by registration, when a new representative three-

‘dimensional object model is registered in the representative three-

dimensional object model storage section at the three-dimensional object
model registration step, or when a reference image is registered in the
reference image storage section at the reference image registra'ti.on step, and

adding a result of the calculation to results in the reference image matching

“result storage section; and

a three-dimensional object model generation step of; in respense to

registration of a similarity between the reference image and the SR

, representatwe three- d1mens10nal obJect model in the reference 1mage

matching result storage section conducted at the reference image matchlng

result update _step, for generatmg the reference three--dlmensmnal obJect |
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model associated with the reference image by combining the representative -
three-dimensional object models stored in the representative three-
dimensional object model storage sec—tibn on the basis of the similarity, and
regiétering the generated reference three-dimensional object model in the
reference three-dimensional object model storage section.

- 54. The image matching program according to claim 53, wherein

at the three-dimensional object model generation step, a reference

. three-dimensional object model associated with each reference image is

generated by combining representative three-dimensional object models
stored in the representative three-dimensional object model storage section -

every partial region, on the basis of similarities obtained every partial

region betweeén reference images stored in the reference image storage

section and representative three-dimensional object models stored in the

representative three-dimensional object model storage section, and the

- generated reference three-dimensional object model is régistered in the

reference three-dimerisional object inddel storage section.
55. The image matching program according to claim 52, wherein-

- at the image matching step, a similarity between the input image
and a representative three-dimensional object model is calculated every.
partial region,

~ the reference image matching result storage section stores
similariti'és.between the reference images stored in the reference image .
storage sercti'o'n. énd representétive'three-dimensidnal' object models stored

i\n the representative three-dimensional object model storage section, every

‘partial region, and

at the result matching step, the referéncefimag'e similar to the inf)ut‘

' image is éxtrat:ted on the basis of similarities between the input image and

86"
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image and the representative three-dimensional object models calculated at

the image matching step every partial region and similarities between the

reference images and the representative three-dimensional object models,

stored in the reference image matching result storage section every partial
region.
56. The image matching program according to claim 52, wherein
~at the result matching step, similarities between similarities
between the iﬁput image and the representative three-dimensional object
models and similarities between the reference images and the

representative three-dimensional object models are calculated, and in the

~ calculation, the resultant similarities are provided with weights on the basis

of candidate precedence of similarities between the input image and the
comparison images and the representative three-dimensional object models.
57. The image matching program according to claim 89, wherein the

object is a human face.

87 .




