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*159159* DESCRI PTI ON | MAGE MATCHI NG SYSTEM USI NG
THREE- DI MENSI ONAL OBJECT MODEL, | MAGE MATCHI NG
METHCOD, AND | MAGE MATCHI NG PROGRAM 5 TECHNI CAL FI ELD
~The present invention relates to an i mage natching

systemusing a three-dinensional object rrpﬂ l

i?/mge mat chi ng nethod, and an image natchi mnmmmmwwm“’

In particular, the present invention r_eI ates to.,a@fjso

i mage matching systenDESE@RIPTIONretrieving a

reference imge stored in a 10 database (DB) on the
IMDARGESMAT GHINGp St STEREUST NG TSR EBt DIMERSIORE) OBJECT

pi cked up under a different pose and illum nation
MOl IMAGEMA TCHINEJY ETHROD)i ANDNENIAGE ana TOREG

mat chi ng program BACKGROUND ART An exanpl e of a

i onal imge matching systemis described in 15

Tsutada etc., "Dictionary configuration method for

di scrim nating per soRECHNSGARJEIELD of face

direction," The Transactions of the Institute of

El ecThermresent imvention xiatesdoConimage atdtohifengistesr ssing a

D-11, Vol.. J78-D-11, ~No. 11 (1995), pp. 1639-1649
th’(ﬁ?é‘ilhé%qllsé?nﬁlé?@?@fe@odél, &) ¥Nage madelviag metlzdd, a#d an image

techni que) . shown in FIG 26, an inmage matching
m%ﬁ’c%ﬁ’%&%@dﬁﬁ@?@%@% ftae piresent inggationtretitay te putiemge

an

masERT 460 SFALLe P P SRag ARl Bosch SherdnBme
I8 (PR HRB5ib107 7 ol Moo el emoitrch (higean face)
piclBUH 080803 SR A A% E ufaiohia FordlR, ARTAR Sosee
ma{g?iéﬁ-tgdﬁ&éﬁé{fQnaqn{ae%%sgﬁg{lfgr%%g i mages of persons)

ar e previous g1H %t he reference i mage

storage section 70 @ACK%@?fI@De&R?‘ i mage

regi stration section 75. wever,
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-1I1,
No. 11 (1995), pp. 1639-1649 (hereafter referred to as first conventional
technique). 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 section 80, a reference image
storage section 70, and a reference image registration section 75.

The conventional image matching system having such a
configuration operates as hereafter described.

Reference images of various objects (such as reference face images of
persons) picked up are previously stored in the reference lmage storage

section 70 by the reference image registration section 75. However,
s

1 T

*G00002*



10

15

20

25

rrrerrerererrerererrerererrrrrrrrrrrrrrrr . *coooo2*

reference i mages greatly change dependi ng on the

condition at the time of inmaging (conditions such as

the pose and illum nation). Wth respect to one

object, therefore, a plurality of (a | arge nunber of)

i mges i maged under various conditions are previously

stored. 5 The imge i nput section 10 is inplenented by
rei}égérg?;o#é ei n aqgey?r%hraslg(enot [ IHJ {6 rﬁaﬂt edg %QL}' lgﬂlélttr%gg&ﬁe of

imagﬁféﬂ(cgﬁd&f&ﬂsi S 8s @Hé@@é@§nﬁhﬁuﬂiﬁﬁﬁohﬁfﬁﬁ’§%}9§’és@e@€% one

fromthe imge input section 10 with eac

objeet,ehensford, MRERE a0y A (£ thiigeaiithber of)Shed &G ehd g8a0ender
storage section 70, calculates simlarities (or '

varibat aoaéitidhsvaleupvi®isly esgredt i ve features, and
sel ects a reference image having the greatest
si m Theiimagednpultsestion 16sk idiplearaedd borustag foekbkasiple, a
Each image is represented by gray |evel features. In
cambea.cBhe uhagedinpht shage & stoyedéh wememdgdhot ddustigted). The
the cal cul ation of the distance val ue, for exanple,
image mahchiig seiccndd ebapiazes bnel it indege oblisshed C@nartke
. used. The result display 15 section 80 displays a
1mage enewiceedtipagt) gfitlapadbpéreferenderignagrs ehtemeskfrom the
simlarity selected fromanmong the reference inages,
refgrencepmags $fgrage spqtion ¢, %ﬁlglglaé% sicaMarities oy distarerce
i mges in the descending order of the simlarity).
vaﬁﬁégﬂﬁe@ﬁsﬁﬁ? apurgs, il solerisrmreferenpe wpagnhhaying the

o o 300 S35 RS S A T
BB RN e G P IR B meen
L APYL B0 o P ARG GRS B O

nofth§RL&Y c§ﬁ‘%ld;t?(§2115 §fa %Jlﬁ{e%&le&gﬁaﬁﬁzg%_ 1%&91 sItHealtésl‘aPt display

septi on 75, representative t I Mensi ona
sec®RIine8d dnpIsYs 8RR S BRhiEODf A% oHEd I?avi_ng the greatest

t hr ee- di nensi onal object nodel reg@istration section
sin?Parity selected from among the reference images, as a matching result
(or displays candidate reference images in the descending order of the
similarity). |

Another example of a conventional image matching system is
described in Japanese Pate_nt Application Laid-Open No. 2000-322577
(hereafter referred to as second conventional technique). As shown in FIG.
28, the conventional image matching system includes an image input
section 10, an image conversion section 35, a partial image matching section
45, a result display section 80, a reference image registration section 75, a

representative three-dimensional object model storage section 20, and a

three-dimensional object model registration section 25.
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2 The conventional inmage matching system having such a
configuration operates as hereafter described. One or
nore representative three-di nensi onal object nodels
obt ai ned fromthe three-di mensional 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 region common

to t .&ﬁHI iﬂﬁ% 'Hﬁgk ' : ' ' t
sectﬁ%ﬁilo éﬁﬁ eagﬁ_o ?ﬁgﬁggﬁéggﬁ%gFPhag%Enggfgined'
cohfiglir4#16n LBERIREGR HdTRIR S HREAIFeFECt i ON 70, the |mage
conversion section 35 converts the input inmge and/or

the I®hebehtste repssedRafive tRrdddiBéesibRS] dBIBEE models
condition (such as the pose condition) the sane by
obtigined fRom! fHeCitrde MBABINRIR 2l @BjjE tmoird ebgiabtAidE e dtidH™®5 are
the representative three- dinensional object nodel _
previoualestoeed ivnhe@epadntdgve byregatiataisésndlatjéd@! model
i mages. For exanple, as shown in FIG 29, the partia
storageaection 2. dat regard S agetrtiab regioalvoanmen tethe iApUPHRage
or a nouth. By previously specifying a feature point
obtaimniedrfespeidte inva geairtpudfsettioni ifemed eadnof theereference image
t hree- di nensi onal object nodels, correspondence can
obpainedifsem theerefenemicalimagegsoragecdectign & the im4ge conversion
conpares the converted input inmage obtained fromthe
se¢tiey 85ConYertsi the input imase3mdipn theargferenicalimagage asf to
each of the referezce ina%es, cal cul ates 20 respective
make bhe tnpuitnsangifipn dsuckag the pese eonditienkthesamietuyusing a
havi,ng t he reatest sinmlarity for each object. The
thyeesd ea&%aﬁ%&ekm@@ ghtaing iEra the repssentather tikpe-

.the greatest simlarity anong the reference imges, as,
dingen, ioﬁbeclté% ol Stegage s9et) %:ap RRGIORESe ThkeS partial
im%%@%e' descri bed conventional techni ques have vari ous

probl enms described hereafter. 3

For example, as shown in FIG. 29, the partial region is a feature
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 display section 80 displﬁys an
object having the greatest similarity among the reference images, as a
matching result.
DISCLOSURE OF INVENTION
The above-described conventional techniques have various prob'l.ems

described hereafter.
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First, the above-described first and second
conventional techniques have a problemthat a | arge
nunber of reference i mages of an object to be

regi stered, picked up under various conditions becone
necessary. The reason is as follows: the input inmage
is directly conpared with a 5 reference inmage; if the
i nput inage pickup condition is not restricted,

t her efipdie thd bhbboe ABCGIHA ﬁr%ﬁoaﬂ& %%4% : LohVRERAAE techniﬂues

reference 1 mages that are ose e I nput 1 nmage |

haRe Gk HROIOMOIHA LN d e QB et Bf FTPForiotith ek IS onHéf@L%rbe
of pose and illum nation conditions. As a natter "o
regiz€dred) 9maruﬁ> uinldRE € adiofisl BhdMisSs POSTAOhbbddsgsyi N
the pose and illum nation conditions, and it 10 71s
pr actiieatdagoh1PasIoNbws! thedimgiitausdge IBIERRLE @hpisf with a
nunber of inages associated with various conditions.
refseentelingagenfthe ispabirdage pickiip esalitivadh hiogwestridied,
i nput image or the reference image is converted so as
thexeferpyat s hémssaryt to peotiowtlpqrrepare pefemncenthages that are
conparison is conducted. If the nunber of the
claseftertbadepithrigage af piskuap comdision imemsieotalcopbwath a large
nodel is not sufficient or the pose is |arge

- nugnbereeipnse anbillwiration sonditicns. Asusauttar effact, however,

conver si on becones | arge and matching cannot be
thexsanecindinito ppesibilities dsthe porg and Hlywmanatépm cohditonss and it
. also a problemthat it {s very difficult to square the
1s pmqﬂﬁaﬂﬁt ingposshlgi toirgREIOUALY RTeRANE 2olaree nymberhel i agrs

conversi on and a conmon region certainly 20 needs to
asgReInted WHD YRS EORHEGES- are conpared in the common

regi Qn. hi r dl t he conventi onal techni qyes, have a

or obPERYRFIa: 17 £B¢ srendCoRyERtaRA SefRPiRBRg e 0 Ytgmage or

e D M P2 Rub S MLy Behperin
Pl PR BB GAOTE D 060 OF (LSRRGl mages o

a theBORE m@h <1318 0B oGS not <8k eﬂpbﬁgrlﬁjec%)(z%éigtlar%%g .

therefore, inmage conparison nust be con
différeMt, tHeFBforeAdistortion 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 techniques have a problem that it takes a
considerably long 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 respective objects;
if the number of objects is M and the number of reference images of each
object is L, therefore, image comparison must be conducted at least LO M

times.



10

15

20

25

An object of the present invention is to provide an

i mge matching system an inmge nmatchi ng nethod, and
an i mage matching programthat nmake it possible to
retrieve a reference inage registered in a database on
the basis of an input inmage as regards inmages picked
under different pose 5 and illum nation conditions
every object, even when only a small nunber of

r ef eneNEIfetBURS FYeBeAY et h i RIdL A ?‘t&%ﬁ?‘;nglm%ing

present invention is to provide an’inmge m

syStesd, e irdfgé FRGEhiTRE AItA6d "B dad intd RBtMTRE S rogram that
mat ching programthat make it possible to con ugltr

mdle thiodgible tdrétrivl d réferdede Bhaddrd SERNENGE ol IRYB3Obn
t hr ee- di nensi onal object nodels w thout conducting

thebassfiamgi rput Hrrasgecsmetalr 18 grialzes ipidkéd ﬁﬁ@éledi‘ﬂ'eréﬂﬁpose

reference imge so as to make the pose coincide an
anthidtmmk tisni congditsendéeertyoolgocty eetn etiahonly a exaill hfimder of

region conmmon to the inmages is not present. Another
refepgmest ingd gashareprveskabllei nvention is to provide an i nage

15 mat chi ng system an i mage matchi ng nethod, and an

i magAnethernohiect ¢fitbgrrnesenhtinvemition ts togeeivileean dmage

conduct i mage matching without always generating a
maiehing systeme 88dmageumissehiae mpthal, dindeas image nojching

with respect to all objects. Still another object of
programy thatmake it passible toscanslyst suatshing Withgemald number of

t chi.ng syste an. i mge tchi ng nethod, an imge

relgEgnag; 1%%@&5#@1&%6'5%@%&%@ Pbiesh qdslewihaug sendicting

retr.ieval hat hié]glh- éﬁeggﬁeven when a dgt abase has
PIQEPENERICY Y CEBAB 4 PRilAG UL 148G O thAB_IerBRCHH AEE 8O as

regj stered therein. resent.invention provides an
to RS0 L o R SRR it ssThig B Pafutanaiding

dpae, &gk ! j ' . page mat chi ng
evsysteﬁw ﬁ%ﬁ§%¥%§ﬂﬁ@g%@ﬁﬁéﬁbﬁggﬁggﬁgﬁﬁgggh bet ween t he

| NPUAnbL ARG dF the! ' iV 1

t hr ee- di nensr onal objﬂg%?é%%le‘%éﬁoﬁggﬁé%?é?ldg & tmage
matching system, an image matching method, and an image matching
program that make it possible to conduct image matching without always
generating a certain necessary number of three-dimensional objects with
respect to all objects.

Still another object of the present invention is to provide an image
matching system, an image matching method, an image matching program
that make it possible to conduct retrieval at high speed even when a
database has reference images concerning a large number of objects
registered therein.

The present invention provides an image matching system for
retrieving a reference image similar to an input image, the image matching

system including means for making a match between the input image and a

plurality of representative three-dimensional object models, means for
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maki ng a match between the reference i mage and the
representative three- dinensional object nodels, and
neans for retrieving the reference image simlar to
the input inmage by using a result of the match between
the input image and the representative

t hr ee-di nensi onal object nodels and a result 5 of the
mat ch between the reference i nage and the

mmag%smtt 'b\é?w&@ﬁ%ﬁe rgfeﬁﬁﬁé}ﬁﬁéée 9Rh&% gﬂa’ge ée%t?mbg three-

e mat ching system na nclu ans

dithbASioRa] 8b; e\rﬁ? %ﬁ@rj}g eafﬂe({‘ Enee%n‘g' OF ?éﬂr%@hg Qﬁfa g'gfetrg}fgeﬁ mage

assocl at e erence |1 nmage s

s11hﬂ91=“to tRESEp uttiRea p& B?%sfu?é a"i%%hﬁ dJrehe 'n?é{ﬁc'ﬂg%ét%e}lQhe input

reference image simlar to the Input inmge by usin

imhBe andf ieengReddHteivethFBs di0RAki oAl 8B}ec9%ﬁﬁiel§ﬁﬁdtahfesult
i nput i mage. The i nmage matchi ng system may further

of tlcirideh eowseh ehe frefedbnee ﬂnaF@ﬁﬁﬁ&'ﬁ@Q‘epresentatlve three-
t hr ee- di nensi onal object nodel associated with the

dimefieioaat ebjectragrleds.ni | ar to the input image,
conversion neans for squaring an input 15 condition of
t he Thpimdgeagatehing dystdmahay ferthet énelnde memgefd?yfinding a
converting the input image and/or the reference i mage
reforendecthrasidi memsidrealrobjentancdel ddspaate] wettstlomepdference
obj ect nodel, and neans for retrieving the reference
impgegumdes de ithe depw thagheihmenanisifayeehyy retrieigng the
natch between the input inmage and reference inmage
refgrppgedanage simplar tothe R, 1paee by tring thegeefenemchithgee-
system the conversign neans may previously convert
dl’%‘ﬁ’ésﬂoéfi%? semoded and4hg 19YALBEZA. | nput  condition of
[ e with that of %he reference i mage. The

fﬂggghnpinaﬁeﬂa %}gpgn%y S may fuetherinduria aeanmpipidinding a
refpfinge! AR LRSS PRiker riER aSebE R R Bietetorenc
im B4 SR0nR (B HE ALY LY ke SORCERALA Mo o sqpapingan nput

corﬁFﬁBﬁ cff%hqugﬁf fia38 vAkn i 836D P&Erefg Al Vwevgrtmg

ose In inptt condition to t e 1 nput 1 nage
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
inputting the input image, a representative three-dimensional object model
storage section for storing a plurality of representative three'dimenéidnal
object models, image generation means for generating at least one

comparison image close in input condition to the input image every
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representative three-di nensional object nodel on the

basis of the representative three-di mensional object
nodel s stored in the representative three-dinmensiona
obj ect nodel storage section, inmage matching neans for
calculating a simlarity between the input inmge and

each of the conparison 5 i mages generated by the inmage
generation nmeans, selecting a maxinmum simlarity with

reﬁ&%&ﬁ‘é&th‘%&tl&%@%ﬁe@%‘j‘%ﬁe[ggcgagéct%?&%lib@ﬁ £t %%iéél 7250

representative t I Ona j ect no , and

re &géﬁ%@ﬁﬁmer@mﬂmnﬁi dHééc?LﬁBMel%%téreﬁ {H 11 +dpresentative

et ween e I nput |1 mage an e representative

thidaF @8n &b JIBASI @d}@{;t RBHECtorREE bectiod, thdg%nﬁ%témgaqg%%ns for

storage section for. 10 storing the reference I

calRlilOkhgal Smikritof Rtonrea thetasufnFetthd &84 bf t1d DrRfrison
section for storing simlarities between the reference
imbFBgeenstaea by the inrd @firation meRgs, Sledtagea SRELINPIm
and representative three-di nensional object nodels
similaried with rbepdce o esaphaisovdndgsersdoeiated antl eath ect
nodel storage section, and result matching neans for
remveseatdtivgthitee-diefeersencd dbjedtmagéels amd| regatrdinighthei mpimum
i mage on the basis of simlarities between the input
simitayiéy asc sinelamty betavreat thecinpmtdmatienamd t e ad prebpettive
nodel s cal cul ated by the i mage matchi ng means and
thegendinaensipesl dueciomadeha refefemce o derrigrageased tiomefor
representative three-dj nensional object nodels _stored
staring ke refeseraedanagasd bl s gefesenge imege mpdching result
section. 20 The jmage .ymatchi hg system may further
StQrage Feelion @estarmpa@vﬂe% F%?erh%%re BRcstimagesrstored
ans,for rﬁgisterin representati ve three-

in thexpferencs 1BpsLRtOrABYEPL I a PR dePEseat Rty e thige dimensional
t hree-di i enal,, obj ect - model ,st tion,.

objeg} B S48 rhEreR e R e et dtSeaghas hing model

strf p81-E0Gn, IRPEEID i ieh Y SAASToL TRORCARE RS e frrance

RIS 6 ARUEhA el FHSLIAR bt LRI bt i
inﬁLgﬁ_‘ BHhEHE Sl lrme %Sfx;lé%%ﬁté&% ESRRt dilnh Ui b IBSh; St BB LRnal

obj ect “nodel ne

- 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.

~ The image matching system may further include three-dimensional
object model registration means for registering representative three-
dimensional object models in the representative three-dimensional object
model storage section, reference image registration means for régistering
reference images in the reference image storage section, and reference
1mage 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
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generated by registration, when a new representative

t hr ee-di nensi onal object nodel is registered in the

representative three-di mensi onal object nodel storage

section by the three-di nensi onal object node

regi stration neans, or when a new reference inmage is

registered in the reference inmage 5 storage section by

the reference i mage registrati on neans, and adding a

r lc ' ' referenc
R BT BY wliStrof Rt A R Rl n BB B b (RS

_ result orage secti
LB DRI DR TR0 AREP S BN tone oo
mb&A K8LAIBAId IR BY €8s t B oM iBaS oAl Qlﬁ}gdter%dé‘ﬂ%%]istration

every partial redgion, the reference | frage nmat chi'ng

mé28d dr When adeew e6fdréAcdBYagh 9 ?e%ét@ré@'iﬁ theSeREINREage
the reference images stored in the reference i1 nmage

stofapeagetidady the AITBrdiRRIiesaR Algideatibh @feartt, FRASARNAL a
object nodels stored in the representative

reblilteftdk wehailetieh todbpeles ineHE refoléricOien SRCH BBhingVREH1t
partial region, and the result matching 15 means may

stexdgeasectibhe reference inmage simlar to the input inmage
on the basis of simlarities between the input inmage
and tlheheeprazeempaching dylsten; thié meage orethily metins may
model s cal cul ated by the image matching means every

cafeulateat simyaovy detiwsenithanhpitbimbge nodn tdperesaitationdhree-
.images and the representative three-di mensi onal object

dimsasional obircs medeltavery Pratiaheegionotheeferemse ¢hiagg matching
result storage section every partjal region. In the

rep W ghOTREeIRCHENIY Y Shore fimitazitips betvesn the yaferancadgnages
cal cul ate iinilanities between simlarities between

stexed intherre PREgEe éﬁ}f&er%or?‘%p?eé‘é’@ﬁtad%‘f tepresentative three-

R R R TR S—

obc o A BRI GonBt, RECnLRER IS e eluiand heirduly ptobing
O, A BT ARG AR RO TR ihee on the

b aSHTDRdi bi OYii BR 66w S A e S EPIESRN LR tNE representative three-
t hr ee-di nensi onal obj ect

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 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 provide the resultant similarities with weights on the

basis of candidate precedence of similarities between the input image and
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nodel s. The i mage matchi ng system may i ncl ude i mage

i nput neans for inputting the input inmage, a

representative three-di nensional object nodel 5

storage section for storing a plurality of

representative three-dinensional object nodels, inmage

generation neans for generating at |east one

compari son image close in input condition to the input

j Vi r j - (i Si; | . obj.ect
R B m A ERE PR kR AL RO si Gt Ffect
mdédyige- di nensi onal object nodels stored in the

representative 10 three-di nensi onal object node

SUOT YR i8ekdd Alhtchifas HBhGHL)UnBRAS Ale irfith G AL R

a simlarity between the input Imge and each of the

inSOIthes tIsOThpthReese, 3eRYIrab&stab el thecd RSB nERHAN 8bJeR0 model

nmeans, selecting a maximum simlarity wth respect to

stexagpaetion fonew@ein 08 pIeiAitehiWeble RACHLivE ERFES 8 St di¥Eal
t hree- di nensi onal object nodel, and regarding the

objeek nnodeld Snsige gaidrayioasmaans fior gendritiet MElRAst fige
i nput image and the representative three-di nensional
comipaeisbninuade, clase i arpuicenditign tstthe agpusRahEeBvé S
storing the reference i nages of objects, a reference
represgotatine tineg- diesergional ahjecfemsdel ombhé dasistafrthag
simlarities between the reference i mages stored in
representgtevetivee dimpnsonzlafsedanpilels storkd epthesmpiraséntative
t hree-di nensj onal 20 object nodels stored in the
thyeepdimenmonalebieet medal piorage pe¢tionjiomeenmdtthing roeamefor
ection, result matching _nmeans for extracting the
Caﬁé&éﬂ’é& asimilagey ketweezrthed npné imaggrandeaph oftheromparison
. basis of simlarities between the input_ imge and the
IMAH? Egﬁ?ﬁa&?%é( FERAGH RRRRIPEIRR MEBNBcIel oY 8 maximum

.cal cul at.ed b he i ) chi d.
o S g RGP GRS AR S v

[.ve. i -~ di ' | 0ob] del d.
SRS e N ARS8 IR S

simfigtitPls aasiﬁﬁiaqjiﬁgﬁgt&ggneﬁie Hi&[ﬁ‘%rlﬁla%ga%cfgiée? g&%)r elative

storage section r storing r eren

th#HePBRSd AGh a 1084 mBREE SrAsRAck dhteWtbih deR ction for

reference | nagés stored in
storing the reference images of objects, a reference image matching result

storage section for storing similarities between the reference images stored
in the refe.rence 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-
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the reference i nmage storage section, second inage
generation neans for obtaining reference

t hr ee- di nensi onal obj ect nodels associated with
reference i mages extracted fromthe result matching
means, fromthe 5 reference three-dinensional object
nodel storage section, and generating at |east one
second conparison inmage close in input condition to

O P 0 S RS AT
thb I?E%%ﬂéd"ﬁﬂﬁ%é’E?Jragg’]sﬁgﬁ?ﬁo&%bﬁd.iﬁﬁ%e GRPEGLARES ns for
mat chi ng neans for ccal culating simlcariti es between -

obtAigih Eyferéﬂa%gﬁu@@dm%n%ﬁﬁm%bg@émﬁmae N s 0BEES with

generated by the second 1 nage generation neans,

refe®bR6d [M8gds SRFh AN BbM 1Y +dilf fn%%m%ngeﬁﬁﬁq?&m the
conpari son i mages associated with each of the

refe@éREC{IGR e td1RETI HELHY] 6d1ah 086] S16kagDER)tRon, ARE generating at
regarding the maximnumsimlarity as a simlarity
ledxsttosreedecbh@ compatridorbigengacidsé e ifghteéci®étion to the input
t hr ee- di nensi onal object nodel. 15 The i mage nat ching
1Ry dvery hefieremel thdee tdimeansibmardijenahoddlj @cthe badebf the
regi stration neans for registering representative
obt4ined-rdfarensé timae-diots reionabaskst modelse andpreesehimtpy e
t hree-di mensi onal object nodel storage section,
matsheg meansrfay ealculptsng simdariesietiveenrtbgiispet imgge and
reference inmages in the reference inmage storage
seemd foRpParAen impEee Beretateddinthe povgdrisrage g rapidatmeans,
ans for conducting calculation of the simlarities
Sef}gﬁﬁg & FEX1M3dR SUBHAERY AE0IHaIAQNE §PCRdCeNTRP RSO HNBEES
ref.er [ entative

d
o e 0P B S0 T onet i mpdels, e
j.strati ._when.a. tati . .
B o B OB SRR areru o s
e S SHOEE VG SATRRRR R b
i G N U

mdéde rE?i‘s@faﬁ:ﬁFr?Iﬂe%QQOf ?%%Eérﬁtl% Qé‘pf@%ﬁ?astiv%nﬁn@g‘ﬁi&%n@ional

resul of .the 10 calcylatlon O res |nthe
obfeRt MANIEin TRIBeprREERI A d Bk ditdANeRAR1 BBt 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 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 by the three-dimensional object model registration means, or when a
néw reference image is registered in the reference image storage section by

the reference image registration means, and adding a result of the
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and three-di nensi onal object nodel generation neans

responsive to registration of a simlarity between

the reference image and the representative

t hr ee- di nensi onal object nodel in the reference imge
-5 matching result storage section conducted by the

reference image matching result update neans, for

generating the reference three-di mensional object
o P Rt ¢ B flen G A TS R B Y Bbtion,
andl three diMehBRna | é@rﬂss jgget

nodel st]glregge sae?tblﬁo%ﬁq%ﬁdétl\r?gen%g&stﬁgng? t ef%??ﬁhfg’?itt%y,
re@iRtratidd 6RYEThRAFIBY bebReehRE 2bRUcAR BAERCEnd the

t hr ee- di nensi onal object nodel in the .reference
replusetaliveetisiee tim i 664l ¢BIEE) msHEl R0sheSRTEIGRe ikhdene

I mage mat chi ng system the three-di nensi onal object
matetilg rguiesarage seeins corjuged dyaihe wféehet éAkge matching

t hr ee- di nensi onal object nodel associated with each
reswf epdate nemgefdygamratinignderefsreseathiderdirhbrgionabobject

di mensi onal object nodels stored in the representative
maded @esatiatedswithathe xeifpreoice nothege Bystanhiydngahbireprexeatytive

partial region, on the basis of simlarities obtained
theapedimensaional ohjeeti modplst stered iretle esemmges treeed

.in the reference_ image storage section and
dimapsieaahebiert model staragasasiiongn tdisjkasis oftfresisnidanits dind

i.n the representative three-di nensional object nodel
reg@istering the)gerenated retoxenee threectimensioralabieetdnodel in the

ef erence three-di nensi onal ject nodel, in the
-ref:éé?réqe 89'@%8%9“:%@;3% aﬂlo‘g@gj SLeF2ge0El108t or age

at ol e Bkt Sl Re FRcieln ahs Wene tpglgioieg? %J@ﬁr Al
; ; bt i htea. d \
s TRAE A BRSO R g
R PR 2o 3 Cre b AR DO M 0¥ Bptgpin fhyee
dir%EﬁsiBﬁﬁPBl?j@Etexﬂoﬂ@%es%}é’& &9 ﬁ%% Zfﬁfe@@n%@vé e Sa A N1

ree- dinensional object s stored 1nthe

objeePrRIRNERIrh¥E sbEtise et REPSHINN e gich, AR ﬁfétbzﬁg oF similarities

storage section, every partial region, and the result
obtmhedeNgry partial region between reference images stored in the

as

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'dimensibnal object model storage section.

In the image matching system, the image matching means may
calculate a similarity between the input image and a representative three-
dimensional object model every partial region, the reference image matching
result storage section may store similarities between the reference images
stored in the reference image storage section and representative three-

dimensional object models stored in the representative three-dimensional

11
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means may extract the reference image simlar to the

i nput image on the basis of simlarities between the
i nput i mage and the representative three- dinensiona
obj ect nodel s cal cul ated by the image mat chi ng neans
every 5 partial region and simlarities between the
reference i mages and the representative

t hr ee- di nensi onal object nodels, stored in the

obel BT Stora BB BB CHY aerﬂéhtre o 398 385k, 48 Hing
LRt kA A e esity

arti reqgi n the ge mat ching sys
) »
TR AT Y R S L g

badfd df%%%l%@ftﬁ@é hSvdw G Hiﬁi&qﬁiéyaaan@m@fép@g&%a%@nﬁuee

simlarities between the reference inages "and

ditheRERHANbBfelcY md&yw@al@umealtgnaie ﬁmgmarmqﬁigsmeaﬁ@ dvery

in the calculation, provide the resultant simlarities

pavibhrépgeo s ahg aildieticDBstwed tearstesice 1&14%9%‘%&1’&@1@“
e

simlarities between the input inage and t
reeRpaAtd thanthnse gtisn awlondleobjeftrmsdelisasiored in the reference

t hr ee- di nensi onal object 15 nodels. The inage nmatching
imaygs nemtchuyg resiltidtoragagectiopevernepastidlaregiomput t i ng

the input imge, a representative three-dinensional

obj etn thedmlagesnatdgeg sgstempthiearessitonabchiagpheand nay

of representative three-di nmensional object nodels,
calcriate syanlarai¢obetreeanssinvlagtine batween dhe inpsit inprge 20d the

conpari son inmage close in _input condition to the_ input
repreagBtadies threpedimensionali dhaeetipedelgianshsimibaritio Jbet:ween the

del on the basjs of the representative
regg%‘@ wm&% ghe 6%?1%?@?11?&%%@ shrgegtimensionaleobject models,
ative thre nmensi.onal object. nodel stoyage

angdhithaeal it nnﬁf%‘ﬁﬁﬁgh%gﬁ%l%? simiaiaties iyibly weights on the

ba?&%&?ﬁ?&%ﬂ?ﬁ'@tmﬁ% ule e Bl B S R e cPRep na
RN AERSFH00 ATB TGS I ke e 3RS

es assocl eac represen
mgdyige di mensi onal object nodel, and regarding the
maximum 12 simlarity as a sinmilarity between the

| NPUTH RO AR tEHiR T SRIGAGHLF 1AM de image input means for
inputting the input imége, 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 condiﬁion 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 object model storage section, image matching means for
calculating 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 associated with each

representative three-dimensional object model, and regarding the maximum

12
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t hree- di nensi onal object nodel, a reference inage
storage section for storing the reference inages of
objects, a reference inmage nmatching result storage
section for storing simlarities between the reference
i mages stored 5 in the reference i mage storage section
and representative three-dinensional object nodels
stored in the representative three-dinmensional object
apdeliy St PLRE8 t l; ' ns. . for .
oy S n BT BB ch TR b B LR BT AR Reb Msoppactive
thk&R8EnBAsbAS1 BBRICE nidel! A1 L ;
oL TP P p et Fro R oSl MRERee SRtk iPtt,

stoMmAgtBe ¢BIcHhE BHaBYs époﬁﬁggé, BBQ%r2RES A ge 'ﬁ?@ﬂl@h@ fesult

simlarities between the reference 1 mages- and

stéralge ﬁs%@fibﬁ#fbi" Storih & 8irHi1 BRI A e BRIt BE re IRERLS i Q5L ored

inthe reference 1nmage matching result storage

ingB6trbfitende 18686 866R gel¥etfion HERPros tabiRk 8bedRHBENsional
storage section for storing referéence three-

obgHciencd ¢ds atorelljiecthenmgebseraasiwei tarest dwnbhsibhal object model

. reference imges stored in 15 the reference inmage

staiage agetisectdsalt, mataymgmeuasfovaxtreatifgthe referahd Hfage
ref erence three-di nensional object nodels associ at ed

similah to éhe iepekinagges thexhass bbsinfilantiehbetvesar the input

. matching neans, fromthe reference three- dinensional

1m@ige egrd presentagy esduer shmengienal vhjent niodrls calculated by
condition of the input image wth that of the

the amage reetching mesay and simplaritias haswigen the refarehemimages

ns by converting the input inmage and/or the_
am@%@rr@ﬁe%sq%a@e thyree demensional pbjack sadelsatozed ig the
ans,.on the basis of the obtained reference
refé‘ﬁ?%ﬁ‘e@ wm&%ﬁg}n%ﬁ%& StRTAEP Sectappy aykaferenceifree

BB PR Frod ] 2058 iR o e et R
. . . ' Ny . hi f .
R RioBal Bhiecd B0t hbor O Pk TR 5P rggd in

thgg?felﬂgnd':enﬁ,q%%é Q@ﬂﬁﬁ@@gcﬁgﬁbi%%é Adnvek8BEG 4 nd %b?nobtaining

erence | ge generate € I mage conversi o

reffBéié thréd-dilRd&ea dﬁ%&%eﬂeﬁyﬁs‘é@é’fgf@ whtd fd¥fence images
nmode :

i nclude three-dinensional object regi stration
extiRbsd fromm tlR0F St nkchels asmsafionethd'F&8rence three-

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 generating partial images
respectively of the input image and the reference image squared in input
condition with each other, and partial image matching means for calculating
a similarity between the partial image of the input image and the partial

image of the reference image generated by the image conversion means.
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di mensi onal object nodels in the representative

t hr ee-di nensi onal object nbdel storage section,
reference inage registration neans for registering 5
reference inmages in the reference inage storage
section, and reference inmage matching result update
means for conducting calculation of the simlarities
usi ng the i nage matchi ng neans, on a conbi nation of a

b T e
oSSR AL o Besersl gD, oA oyl pREL

diMR%nal ?At mbAE1RYA tﬁ@‘i“ébf’é"sel%afig? t%ﬁ&%ﬁ%x&%gﬁéf)@gct

obj ect no regi stration - neans, eren

mbdER ot Sod SLHRIE L réfcd HEa5E EFSNGS " RYEns ?Grofe?g&gﬁiélg'

section by the reference inage Tegistration nmeans,

refstdhbg idaghS o khe PbferbifccCith &84 3ior@Be tOcti &S WS rdfBrdie

reference image matching result 15 storage section,
i hbtaengi reenRi Qithite ¢ £64 fordald ugtine@ldlBtifB3Fshe
responsive to registration of a simlarity between the
simglaeitecasingade iatdke inhechingrmasans,ain ¥ @ombination of a
t hr ee- di nensi onal object nodel in the reference image
referenbe mpagesuld a sémreagrtaiidt thnreadintuci@thlivbjédtanodel newly
reference i nage matching result update neans, for
gegenatedt hyngegibkratwhe mdrerea nememspde sentsitveathredidénendidnal
nodel associated with the reference i mage by conbi ni ng

objers megeldsangisténed int theaerepaesaniativadhresjlenensiodel shject

stored in the representative three- dinensional object
megdpl atorags saeblogndes thmthaeetdimansioralgthiedianedeli negidtration
and regjstering the generated reference .
medRH O ¥ AR & 1shenenspleage b gegisteredrn thearfarepeeimage
t hr ee- di.nensi gnal .obj ect. nodel storage section., 25.1n
SUYTHES SAGHBR ANt I TR JCTCE S B EEr e el T BRO AR G AdUing o
' nodel eneratign. means enerate a, ..
refh o ehE 8w o thakufls I 005 rEbYeiG Hot A Sudihingageutt

) S8yt LSRRG LBRS | SOO0L ) ERPSPERLALLYS

AL R R TR
theirBhté¥eint4§%e three-dimensional object model in the reference image
matching result storage section conducted by the reference image matching
result update means, for generating the reference three-dimensional object
'model 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 similarity, and
registering the generated reference three-dimensional object model in the
reference three-dimensional object model storage section.

In the image matching system, the three-dimensional object model

generation means may generate a reference three-dimensional object model

associated with each reference image by combining representative three-
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obt ai ned every partial region between reference inages
stored in the reference inage storage section and
representative three-dinmensional object 5 nodels
stored in the representative three-dinensional object
nodel storage section, and register the generated
reference three-di nensional object nodel in the

ref erence three-di nensional object nodel storage

N S N —
o R oA B ERE DALY B0 O 0 D i

obf'ﬁh%ﬁié%r% gaghgl %ggsa%_%t&ssﬁ QR rBRYe ﬁﬁggﬁ_a!o%@ QL khl es

bet ween t eference images stored 1n e reference

refc¥BA _ﬁﬁ&é@gﬁ)rﬁgé%E&@oﬁﬁﬁdﬁ%@ﬁ*@s}?ﬁﬁﬁ%h‘fﬁré@Hﬁﬁén ional object
I ed i Tar

di mensi onal obj ect nodel s stor n the represen Ive

mdd¥1§ 8tdteABATHENBpre2hit 86 e TRAK- ARhOR HBRaPEGebORodBY Sfokage
partial region, and the result matching 15 ‘nmeans may

se@Xéi,a0id FdisteeftbeRae ritRlgRfotdfick ahréO dientiBRY! objERYfodel
on the basis of simlarities between the input inage

in dhe refeeenaptinsentiatdnstoridiradgectdnodelsitorade SdutREL
nodel s cal cul ated by the i mage mat chi ng neans every
par t lnlthe egiaga matthsnhgisyaten | e ined gepmttihia g wbenencey
i mges and the representative three-di nensi onal obj ect
caleudietiess signidawtly batwéemn thd srmrtcienag0andage predenttatiye three-
_result storage section every partial region. In the _
dimgagenabobischmaded ewary partialragion, thecefergnoe amsgrayatching
calculate simlarities between simlarities between
req\Hb StoTgEe Seefdgie mawstare simalaritiespetmoga the reference images
t hree- gi mensi onal object nodels and simlarities
stgediedhepriereped ypage SonREgSSCHAR anferepapreniativatthvee

.th - di ' bj . s, 25 d i he . .
o5 PRSP SREEL 28 e e lpmansion
o 1 By e o BB B, GRS i
R A0 PGS AR RLASANL B8 L oyt mage o he

ba SR AN SRt wB A iRt TR oBS {Hmbrgg&ﬁétive three-

dimensional object models calculated by the image niatching 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 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, provide the resultant similarities with weights on the |

basis of candidate precedence of similarities between the input image and
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According to the present invention, effects described
hereafter are 5 achieved. Afirst effect will now be
described. Wth respect to an input imge of an

obj ect picked up under a different input condition
such as a different pose and illum nation condition a
reference i mage of the sane object can be retrieved,
even if only one reference i mage or a small nunber of

the bR{FN%Hn N . Funt her . TRt Chi D

AR it P FRE rpnplari i OB TRl IR0

mbd@ages of three-di nensional object nodels, w thout
conducti ng processing such as converting the input

| mggnahetibt dech@tEiage s%fisf@%&et}?é)o}ﬁ&ﬂ ﬁ_a??é%‘nea %%?rg%.n ace.

poses coincide wth each other. In addition, ching

can becealideabate 8o d irfreh®RnO BIFEITHACFiBel MR rb ARG Sre
is not 15 present. ‘Furthernore, inmage nmatching 6ecorres

achtseidbl e wi t hout al ways generating a predeterm ned
nunber of three-dinensional object nodels for every
obj ect firstheffect asitimow behddscribeef WieH 86sjd¥B 6 anSinput image
retrieved by conparing a result of matchi ng between

of aheohjeputickedige antbrredifésent ahpwiecdddition s2@h as a different
di mensi onal object nodels with a result of matching

pobeandaHunsinationceenditige s wferenep ieseetdtthe @ame object can be
t hr ee- di mensi onal obj ect nodels. The reason is also

refrigieds even af emlyeonehraferaticadnsigery a shyjadlcnumbeeof irsference

. generated by comhining representative

1mpges are PresitoHarthssmare, medehingoan bepprduwddivith a small

tchi ng.. 25 A _second_effect. is that a reference inmge
nugahe TRl TG enst Sl ages Af fprees siwral ehiegempdels, athout

i@pq} i mage. 16 The reason is that, matc¢hi ng of
CONANGIILE RFIGESTU e TH DR TR Hivgdibe 9Bt amags ga| the|refoyence

0 S B Rl SO AL 0 P e
I NN
present. Furthermore, image matching becomes possible without always
generating a predetermined number of three-dimensional object models for
every object.

The reason is that a reference image is retrieved by comparing a
result of matching between the input image and representative three-
dimensional object models with a result of matching between reference
images and representative three-dimensional object models. The reason is
also that a reference three-dimensional object model is generated by
combining representative three-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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5 reference imges having high simlarity are
extracted by using representative three-dinensional
obj ect nodels, and then matching of high precedence
candi dates with reference three-di nensional object
nodel s is conducted. BRI EF DESCRI PTI ON OF DRAW NGS 10
FIG 1 is a block diagramshow ng a configuration of
an i mge matching system according to a first

e e TR e o ot

' | irst i- t . Fl 3, | ' .
RATND DR B BRI ol ol TS0

cob B RS PRSI Sh JEA  FER. e

wiH ELENGE SRR II: i & $LiBORAMINER dinfdhSiormitlohidbt model,

lagrams oncrete exanple o a re

' : i 0 st i A i .. 20 FIG
et L i RS S AT

rep PGB tAtIve Bhider Bim SANORAIBket Floels! ahd Refli Ao of high
h I f mat C% ng

show ng a concrete exanple of an I nput | nmage |

pré@siénice icAndiddte s it RefbireRed thiek Qlinterstortal Hhidtt dddels is

showi ng a concrete exanple of result matching 25 i1n a
cohdusedenbodi nent; 17 FIG 9 is a bl ock diagram show ng
a configuration of an imge natching system according
to a second SRIEF DEHSCHIPIION OIS BRAWING®ti on; FIG

10 is a flow chart show ng operation conducted at the
ti me K6, 15stahbleek diiagran ahawinbjseamfimotationediast ingdgeon
in a second enbodinment; FIG 11 is a flow chart
matiching gy sper atdoodingtuda diretl emtbodimment nftlof present invention;
FIG. 2 is 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 is a diagram showing concrete examples of a reference image
in a ﬁrsf embodiment;
FIG. 5 is a diagram showing a concrete example of a reference image
matching result ina ﬁrét embodiment;
FIG. 6 is a diagram showing a concrete example of an input image in
a first embodiment;
F1G. 7 is a diagram showing a concrete example of an input image
matching result in a first embodiment;

FIG. 8 is a diagram showing a concrete example of result matching

1n a first embodiment,;
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reference imge registration in a second enbodi nent;
FIG 12 is a diagram showi ng a concrete exanple of a
mat ching result of a three-di mensional object nodel
registered in a second 10 enbodinent; FIG 13 is a
di agram showi ng a concrete exanple of update of a
reference image matching result in a second

enbodi ment; FIG 14 is a diagram showi ng a concrete

et ot d i BB iR Ghiming s vanet an image

T VA R R

in diyrent; FIG 16 is a block diagram show ng a
contrguration of an i mage matching system according
o 9D SR RG AT Bholff BRERRn CHRRLR R the fimg of

th%éé@dfﬂl@ﬁsi_@ﬁal e BRLIle D B 4183 tidH it SHRQG %@Bé&ixﬁéﬁ;

I's a diagram show ng concrete exanples

ref errOL e 1 i 86w HhARD ShoRdhg 6PsRGlonRARIucte 8t HE(% Eﬂne of

enbodi ment; FIG 19 is a diagram show ng a concr
refXantd Enffe fedisirat RMCE a LERAR] SMbeRiREnf;esult in a
third enbodinent; 25 FIG 20 is a block diagram

showiRIG. d2aemaf diggtain shioveingod comEgte ex@hply Hfh sVRCcRAg
according to a fourth enbodi mrent of the present

- result efiti thmee-diBefbiGnal dbjest added weglhtaredihankd@nd

operation conducted at the time of three-dinmensional
emiyjdemtentipdel registration in a fourth enbodi ment; FIG
22 is _a flow chart show ng operation conducted at the
t i me F3G3. 1866 ardingramnshypsving soncaeteoexample ébupddte of a
enmbodi nent; 5 FIG 23 is a block diagram show ng a
refespmeeyinage ontehingrasydigin a sacat egbediment;accor di ng
to agji ft Itl .enbodi nent _of the present invention; FIG
24 i §15- AfdiacharraBRATIgechernPishe tasnBlscefrimatching

[ f . . :
reéulg%f 9 registered reference image in a second embodiment;
FIG. 15 is a diagram showing 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 conducted at the time of
matching in a third embodiment;
FIG. 181is a diagram showing concrete examples of a reference
three-dimensional 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. 20 is a block diagram showing a configuration of an image

matching system according to a fourth embodiment of the present invention;
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matching in a fifth enbodinent; FIG 25 is a block

di agram showi ng a configuration of an inmage 10

mat chi ng system according to a sixth enbodi ment of the
present invention; FIG 26 is a block diagram show ng
a configuration of an inmage matching system according
to a first conventional technique; FIG 27 is a

di agram showi ng a concrete exanple of coordinates of a

e R L0l OB She IR B Bt e Bt o
SRR LR AR LRI A
BT Lo EmeliE BB B PR ARt FP L ine of
refRIFRAL [0k r_@%is%ﬁ%io‘if ﬁﬁs%uftﬁveﬁrﬁbbmnw;' be descri bed
in detall’ wth reference to the drawings. Wth

ref e e @@ dbleck Hiagfhrh FRGR/ ARl AT TSRS an i
accor di ng tlo a fi ré?éfehnbodi m%ﬁ? of t%ﬁpr esentaln Hmage

mAafthend kpstenabiptdindto b FHEE ebdHUdime8E bif @Re p2ésen?Rnvention;
i mage generation section 30, an inage mat cﬁi ng section
40, FICeM is s2fowadlcirt BHowded bperdithn eondsted adikbokave of
section 80, a reference inmage storage section 70, a
matkshies entadifthenibvdmetithrensi onal obj ect nopdel storage
section 20, and a reference image matching result
st or dY&. écisiaoblobR.didraRe pheseng @t dowdiguration of an image
t hr ee- di nensi onal object nodels (three-di nensi onal
mgtchpeg spsteobpecordingth a extthresbodinndnteet thewrcaersinvangion;
previously registered in the representative .
t hr ed1& r?yé‘m@i?oh]@ICk ohfexam pheBling toroade e tiohef az0imagee
t hr ee- di mensi onal_ . obj ect_ nodel s can he generated by
mafchipg sygenpassasiing ¥ 8 firgk eenvamHinaldaahnigngpe

poa HAEE RGBS 5§ BBASHS ap ok s o
tht hat. [ econst ructtz a t@r ee- di mensi onal shape froma
FUPHPPESOBR PREGER S Lked up

FIG. 28 is a block diagram showing a configuration of an image

matching system according to a second conventional technique; and

FIG. 29 is a diagram showing a concrete example of a partial region
of a second conventional technique.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereafter, embodiments of the present invention will be described in
detail with reference to the drawings.

With reference to FIG. 1, an image matching system according to a
first embodiment of the present invention includes an image input section
10, an image generation section 30, an image .matching section 40, a result
matching section 60, a result display section 80, a reference image storage
section 70, a representative three-dimensional object model storage section

20, and a reference image matching result storage section 50.
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 shape Palx bag) endfa tersuze TasBeb,

with a | arge nunber of canmeras and that is described

i n Japanese Patent Application Laid-Open No. 9-91436.
10 As shown in FIG 27, the three-dinensional object
nodel has a shape PQ(x, y, z) and a texture TQR G
B) in a three-dinensional space (x, y, z) at an

obj ect surface, as information. Q represents an index
of a poi nt on the object surface, and corresponds to

Z"SL. sBREnR v S REL i fsbobal BB O RGRY (ReE Ak Rgional
4 Sy P A Sl e
in tHBY esQﬁtth?\?erﬂifag d’i% sidid1 éct'lg&gﬂ' ﬁa{%‘%éqsection 20. The

conditions are preV|ous y gen

thiddF ?néjdéf&rﬂﬁ' dﬁg@% ﬁ%@}‘stcdmgggén@ﬁqed r| Veg %)r example, a

gra ics, and asic image group is

thﬁé”&%&ﬂﬁ&nal@ﬂdb"e‘ ﬂ@hsﬁfmﬁeﬁ@%p%hx HeScr@Ped %‘ JSFanese
I mages for |earning. 20 The i nege generation sectlon

Pa@&@ﬁ?ﬁhé&t@@n Rabd O No. 200¢ w95 0¥th appRERDIsGhase
inillumnation condition to an input inege obtained

redon@ohidi€ a thiggdimeasions¢ehaps fidh anbiulrglisHePREREEE Bicked up
pose condition on the basis of a representative

witlhadargh nendico nélcaniyras andodealt ipldesdrilee frf dapahese Patent
representative three-di nmensi onal object nodel storage
Appéication I120d-Geere Na. 9e914836.gener ati on of the conpari son
i mge close in_illumnation condition to the input
i mgdscowhein KjlreR#énthedthnpectnmbnsiang objent dhodelehas a
converS|on on a basic inage oup obt ai ned bef or ehand
&99@ pthresrimansoraldpace (x, y,
obtalnln coefficients of la linear sum by using_ the
z) a*éagto Jecd sarEacrea nsfosmadion. R peesens an fedex elmpeint on
subjected to the coo di nat e
the, aﬁw@? g%fﬁ%@g'gicqrae RRASBLPoF RS Of A meBT Ryt ttained
n n onp Q cl ose t he
by G rieghp St S e TP TE B S50 CheshonaitBlipe around
th¢ 35 ofﬁ%?)?% ey QR EhETBER By el e AR ¥is8 P g purpose
of %5281?1?1?; CG Tﬁ%g?é ?cﬁj ﬁ{%léﬁaelt Qe?n&ﬁ]ss hbd$at28n conditions

iCs, orna ron
are previously generated by using three-dimensional object models and

computer graphics, and a basic image group is derived by conducting
principal component analysis on the CG images for learning.

The image generation section 30 generates a plurality of comparison
images close in illumination condition to an input image obtained from the
1mage input section 10, while supposing a pose condition on the basis of a
representative three-dimensionél object model obtained from the
representative three-dimensional object model storage section 20. Here, the
generation of the comparison image close in illumination condition to the
input image can be implemented by conducting coordinate conversion on a

basic image group obtained beforehand on the basis of the supposed pose

20



10

15

20

25

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

PRMU2001- 153-175 (2001), pp. 59-64. 10 The inage

mat chi ng section 40 estinmates the pose by conpari ng
the input imge obtained fromthe inmage input section
10 with each of conparison i mages obtained fromthe

i mge generation section 30, <calculating a simlarity
bet ween the input i mage and each of the conparison

coh RS 4c 00, SRLSE DB SRS PD LIERS LaYhg
R I L

o SRR BRI U0 AFEUTD BB RS0,
TP BRI A0 BURRSPESASRLEE Bags g fyghe i

i i st B S
“FQ&% aia&eﬂid%yuéi%g i@ﬂoﬂ‘ét@&céﬁ-@cﬁi&ﬁ 8¥ bousidmai Nt fsh %dgﬂiﬂSn

rererence |1 mag mat chi ng result storage sectlion

andfose 9P dh i1BA ICREHErt T hb T0 s 8 Ou e U EF 0 Rids € Pio b m@kion and

mat chi ng of the nput image obtained fromthe I mage
Contiklini&asin BhelRe &NVt EY, 0. 1524, PRNIUBOO 19E58¢ 14t (@001),

section 30 and the i mage nmat ching section 40 with the
ppreba@d.ng result of each reference image in the

reference image matching result storage section 50,

and @heriacige neftehanceectivagitedstimianes Hienpdserby2domparing the

mat chi ng results, in the descending order of the
inputhithagée vhtaifhe franuthe indigephayt sectiordO8athiesphafs an

object having the greatest simlarity as a matching
compauison iR gaserideingthffom e thage genewatifimsarsiooni,

irr?ges of .an object to be retrieved are refgi stered
calcylqting pefianlaay bekrersthy mpatdmagesndreachpel thercomparison
. reference jinages, there are no restrictions to the, .
imagp AR ARIEEHBE 4 SRTRETAGR tREee HATRALRS SFeatact pigaitarity for

eaétl o Jee%gt one inmmge is registered every .
The image generation section 30 and the image matching section 40
handles each of the reference images stored in the reference image storage

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

input 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
previously 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
image generation section 30 and the image matching section 40 with the
matching result of each reference image in the reference image matching

result storage section 50, and extracts reference images having similar
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object (retrieval subject). A plurality of
representative three-di nensi onal object nodels are 10
stored in the representative three-dinmensional object
nodel storage section 20. Ceneral operation of the
first enbodinment will now be described in detail wth
reference to FIG 1 and a flow chart shown in FIG 2.
At the tinme of input imge matching, an input image is

e B 3} BB kL BB TARN R ASHP
o BRI R R PR Rl A 255

e
I jpathon to the input inage, i.e., comparison
mﬁ{tﬁubg‘@“’t%ﬁ%' facilitate conparison, with respect to

each ngerehgeegﬁiﬁ Eéfﬁgﬁ%tﬁé{ %wtotﬁiﬁfeggi@?gﬂsiw@s AUCSHject to

node store represen

bR Tt 1 05 RIS SLELERR. A 102070,

thé rdfelk&fdet in DRIVERIY o 412 A& PEstrictiFRER0RRE iRBED cHditdR
conpari son inmages (step 102). The result matching

ind88id OthOM el A £8d Posb MAL dst YnBaRistrBBistered every
mat ching result and a matching result of each of the

objeet &fegrieeal stgectdt ored in the reference image 25
mat chi ng result storage section 50, and extracts

r ef eAepleealitypgfrepravé m@tivel thrkardinrneionzd obgstiinisdels are
the descending order of the simlarity (step 103).

stdreddhlthe rapresbatatice thnmgéirhensingaholghctsinoidbhstoryge section
di spl ayed (step 104). 22 Effects of the first

20enbodi ment whi ch has the configuration and which
operates as descri bed above will_ now be_ described. The
fi r sGeaspaldineeationnd thedinss smbndimens willnawbetdescribed in
reference i mges e retrieved by conpar. resul t

depmil %@%h@fﬁge%m{hénﬁr?p pwechars showRdn HlG. 2.
representative,.three-di nensiopal object nodels with a
oL At T Aima ok HG: Bt fear B bR geEed dthe

ook BRSO LR el R AR e
the imagé generation section 30 generates comparison images that are close
in the input condition such as the pose and illumination to the input image,
i.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 stored in the reference lmage
matching resulf storage section 50, and extracts reference images having
similar matching results, in the descending order of the similarity (step 103).

Finally, a reference image having high similarity is displayed (step 104).
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nunber of reference inmages are present every object,
therefore, reference inages can be retrieved wth
respect to an input image of an object picked 10 up
under a different condition concerning the pose and
illumnation. The present enbodi mrent has a
configuration in which image matching is conducted by
conducting matching with representative three-

conduct _ rese ree-
and. Catauep! Rae B3 TRRBAm U FRA Fing FRS bR PR e
_f g ST al ctif at For 6 th

WD PR Moo RECELAS PR Py 1
ssbfe | - the S|

e (R aabo L 8 R e R Oh Ehich Bl e

inRRE RIS rofrid iRl By BBRIpaPind ARES1TRE 6IHt0R:i PREREdeANGre input

For exanmple, if the nunber N of the representative

inddpeeardit N re Béth t a@BleCitre e MRERNSidr%] Nb?echﬂcQﬂelWﬂ?aMesult

is the nunber. of objects (the nunber of 20 reference

of nimghig bétveser Fefe raridedin ftfesraqlilicefbprovdit afive AR EE
operations is L x N=L x M100 where L is the nunber

dinfensimmad bbjeet nedydesEtat wdaehonlyemeastiteats V@ age or a small
t hr ee- di nensi onal object nodel generated in the image
nugeber et ieferepee tinage3 Gire Prasgntretery ebct chieréfre, reference
. conducted with the nunber of tinmes of matching as
1magek candemettioved wiblatrespect be anonyehinagalof aaatbiedudcked
25 Operation of the first enbodiment will now be
upgeadsr o differienst conditéom percerniny e peet andillinghe tidww
conc&g@e enbodi ments. 23 As shown in FIG 3, N
r epr éS€RIEEe e mbodingnibas acemiisaBpien inyhishsmage( |
are stored in the representative

mftﬁ}‘f?g'é%gz i ﬂ%&@éﬁ’%‘%ﬁaby coBfEenEPRuRIChIRH A rereperia tDE, thage-
iR nal obiert pidsts PR 508 feset Bk abiats o Gomdugting
sith Bp S KAl RO R B s A Ehe VPRt iidanes st
o Aol 180 P LM, ORGP0 R Sl o

m%’c?hﬁx‘% Yesul¥s i%rb?ﬁ@?télnthf';aBQhe%im% fahel!thr 54 fThhgs l[ﬁé/tcﬁir}g, the

ching of each o o
retrieval time depends on the number of image matching operations. For

example, 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 image matching operations
is L x N =L x M/100 where L is the number of comparison images for each
representative three-dimensional object model generated in the image
generation section 30. Thus, retrieval can be conducted with the number of
times of matching as small as 1/100 of that in the conventional technique.
Operation of the first embodiment will now be described with.

reference to FIGS. 3 to 8 which show concrete embodiments.
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the reference inmages R with the representative
t hr ee-di nensi onal object 10 nodel C3 is stored in the
reference i mage matching result storage section 50 by
processing at the tinme of reference inmage
registration. (In FIG 5, the matching results are
- shown in the descending order of the simlarity. As a
matter of fact, however, the matching results may be
stored in the order of nodel.) 15 It is supposed that
an i AgshowmayeFIGus3, N)re@gewwwhlverthmﬁdlmensmnabbh]en'ed
the inmage i nput section 10 at the tine of matching
mqg%lq ﬁe(ll-nbsu? |,nlﬁbgr6( stospd 1dhe mepregeniytive three-dimensional
Subs ently, the inage generatjon sectl on 30
ob@éhmogteégtqraeeﬁ%m@%@% Aﬁ@@@@r@w ¢) M yeference images R;
cl ose in jnput condltlon

G Rhh asmée%w&ha# e hingte e Steradkin rrferensgdmage
stoFReb seahioraD i P eet °effs%r2ﬁgr Ffggeg may pe present foy oach
of @?oéﬁa‘égtsei%iﬁ?e BRSSP At nHrt TOe Bats HEPPHE thit e
e R AR S P e\ and ench of the
2?’&"%%? BB RS, 208 it binfanifESy R RRSY RUR of
thd Fﬁf‘é‘ﬁ? e%rr@'wi(%ﬁu Bl RS gaﬁgsehg@ezmm;fﬂ%%onal object

nt
ul't’s |mIa fies

mo%mvksestoﬁéd i“ﬁ‘?ﬁ? rbferEh& infa $@ﬁ1a1£laﬁnfge§ééggt g@&&éﬂ §19cnon 50

section 60 cal ates a simfTarity D

by Peboa8 g@@ﬂi’@hﬁf@ bErdfefdtick ipRigeaa@idthetisRt (‘IH'FIQ} 5, the
result of each of the reference inmages in the :

mmemmmalﬂs@g%m@m blige Hesdenldind of &geofadetdiMiladly. As a
and extracts reference inmages in the descendi ng order

matdfert dfefast, hdwaavietrythd meftchinghesnbisahay berstsrdd in( dteegrder of

103). The result of the extraction becones, for
modehhpl e, as shown in FIG 8. As reference inages

havi ng a hi gQ@fOSSl bility of bej ng an i mage of the

saneltolsjsapposed thet #npopit imaee IR, V) RS showrRin BI@. 6 is

‘obtained in the cited order. Final I y, the reference
obtiapped sy ﬁggpﬁygigﬁggﬁut section 10 at the time of matching of the input
image (step 100 in FIG. 2). Subsequently, the image generation section 30
generates L comparison images Gj(u, v) G=1,..., N,k =1, ..., L) which are
close in input condition such as the pose and illumination to the input image,
with respect to each of the representative three-dimensional object models
C;G=1, ..., N) in the representative three-dimensional object model storage
section 20 (step 101).

In addition, the image matching section 40 finds a similarity S(I,

Gjw) between the input image I(u, v) and each of the comparison images
Gix(u, v), and finds a maximum similarity So;. = maxxk S(I, Gjx) every

representative three-dimensional object model (step 102). The matching

results (similarities) So; become, for example, as shown in FIG. 7.

24



10

15

20

25

simlarities are displayed (step 104). 10 As the

cal culation nethod of the simlarity D (Soj, Si) of
the matching result, normalized correlation,
rank-correlation, or the like can be wused. The rank
correlation is correl ation of candi date precedence of
the matching result. Denoting the candi date
precedence of the matching result So3 of the input

by Ao3, t foll t hat 2 =1
'Aga g%hegeﬁgltﬂg$%géégémﬁ% ﬁ@ﬁu fh@maﬁ%m I&maﬁ?ﬁo» Sij)
t d
be fiigeah Fhiy KA ERANE TeRLGH0 @g%ﬁtﬂme ?ng‘%%@ﬁ%q#%agesof@e

for exanple, .the Spearman's,rank cq | ati on can
ret?eerb%& R o IR CE e 4 QraTy storgie Section 50,
anflRbifdd Feference I#%%esolél oG eEbaRle dg B3 Ashviey D of
th%g]@%g% gs%sui%g; ﬁO%? nﬁfer ic"és%;lltegflfihte g({tl(%p i)gg‘org%y C[Qr
o S O I8 0 L Sl DOt

of b&n g@gg@ggg of PEE KA IE o@%yV%sté %}féﬁn gfut ?in%%e PRE 0%?9 GRA%R; are

can econe great

I I I i
oh LRSI O8E g, eSO ildes g

s1r£[ﬂ§r1%ie'§1dr@rd1§p1§§emytebel(¥‘tﬁ| culated with | ow
precedence candi dates excl uded. 25 An image matching

syst am thecalelilagiohanatisrcoftheasihaBiritpi (8, SHef the
present invention will now be described with reference

mdtehid Gesuldt, iorializdd correElgeionptaiit ogrrelesicainoacherlikiengan be
to the second enbodi rent of the present invention

usédcThelesnkroimibatgon ipudrrskatidront dhdidate pregedence of the
generation section 5 30, an inmage matching section 40,

matchisgtesuhtRenating tee rondigete arecsdemee o yching result

section 80, a reference inmage storage section 70, a
Soraffthednput image byrdyi létfﬁlé@waﬁh%%éﬁz onl, 79,6 22 and Ap3 =3 in

tat th t del
e

priEdanes &f %ﬁ%ao%eéé%fa”ae%?%fosu aﬁ ﬁf tﬂtﬁwﬁ%%%ﬁ”?%x%@e@%y A5,
for example, the Spearman’s rank correlation can be obtained according to
the expression 1 - 6Z j(Ag-Ai) 2AN(N2-1)}.

In the similarity calculation, the similarities may be calculated after
conducting variable conversion on the variables (such as Soj, Sij and Agj, Ay,
The similarities may be calculated by weighting variables with weights g(Ag;,
Aj) based on the candidate precedence Ag; and/or Aj;. For example, specific
gravities of high precedence candidates become great by setting g(Ag;, Ay) =
1/(Ap+A;5) and replacing the similarities Sg; and S;; respectively by
Soi/(Ao+Ai) and Sy /(Aoj+Ay). The similarities may be calculated with low

precedence candidates excluded.
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10 matching result update section 55. This
configuration is obtained by adding the reference

i mage registration section 75, the three-dinmensiona
obj ect nodel registration section 25, and the
reference i mage matching result wupdate section 55 to
the configuration of the first enbodinent. As to
conmponents in the i mge matchi ng system according to

IR i SO R
e R e A

B R R I ——

AR O 080805 0 B0 5 A oABE M
. © . | . ¢ )

oL RO kT SRS 00

didp4 P8 idIERD! QRBlereRNS HRLgEBEGh gk Sef8Gh f?beﬁggférgn&hﬁnage
representative three-di mensi onar Ogj ect hodel storage

reS8GhERR RRtidn 1418 %éﬂx@@eﬂﬂa‘%ﬁ)&sﬂ}ﬁeéﬂdi&@n‘éﬁ}naﬂgﬁcﬁ Zodel

k
and 25 when a referénce image Is registered in the
store@f€6edtien RURA&hséSaAEENSBaRI BBject! hddk] L& st RERE ion 25,
i mage registration section 75, the reference inmage
a reRire At Ymb gs whatchipdigtiresideetdrage $bction G0C had Btcfbidide image
operation on a 26 conbi nati on of a new reference inmage
maanhing resoltcapdiiat sactionhd®EFhidiconfigueatibn abpetinsddeladding
by using the i mage generation section 30 and the
the refgeenmetiokd gegremstrationd@ctiand fpdble threcedithénsibnahebject
- matching to data in the reference image matchi ng
madet négiskadicagsecsivet 2orambtherathrencefimagecmaltelige result
regi stration section_75 regisjers_reference inages
UpPGRFEFECKIOR B0 BheERREEREA TGS Brstambedimantt o be
retriieved, in the .reﬁenence inaggnstoragf sectjon 7qi
As fOF PKeIROnSHEs LR thedmage makching sgsteg according to the

S RN T TN T RT S.
desfc%ﬂ)'t%ne &5 b%voenrl‘i/ttggj ’?ﬁ(te céﬁ%tomeg%/saladéeuda I gﬁe? present

embodiment will be described.

The three-dimensional object model registration section 25 registers
a new representative three-dimensional object model (a three-dimensional
shape of an object and a texture on the object surface) in the representative
three-dimensional object model storage section 20. -

When at the time of registration a representative three-dimensional
object model is registered in the representative three-dimensional object
model storage 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

matching result update section 55 conducts matching operation on a
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10 By the way, the three-dinmensional object nodel
_registration section 25 is the sane as the

t hr ee- di nensi onal object nodel registration section 25

in the second conventional technique shown in FIG 28.

Representative three-di nensional object nodels

obt ai ned fromthe three-di nensi onal object node

regi stration section 25 are previously stored in the

representative 15 three-di nensional object. el
o BRI ehe e B Fere NS B AHe BRA ALERBIes SRS BEtEsng
ri.bed in detai

. enbodi W be.d | Lth
disgReioaAL abielt modet By MR T, Bage ehefatian poctiqna0 and the
. 10 d ., 11. i ted at ti .of .
impge B et schon hputnd Rige 5 Eoulprebfahalife sndata i the
. . ti f i i t h i n.
refBfed lipPhE Atnlrclft dibkste SHRARISFN Show N
(st o gstirk By (RbP ORI Codedi g pERARRGRE Bfcd
i80S VALLO U P B6L RRAN LN SRS FFEAR BIARES LA the
are Cl ose In the | nput coO 1t1on sulc as the pose

ref@Réhdd ItMBNGHEOR: §Qt1dIE70 NRE oY {RORferdnct im#zRTPAHré 3Re no

I mages that facilitate conparison, with respect to

reffebiodk to 2Ke iMput efdsiORtidtivEnERhe el didTBAGLARA] pose. At
obj ect nodels stored in the representative
ledsh loRe-igidpRIis iregiake reld Aelry wbiedt (Bdteieagl sebeti)on 20
(step 101). The inmage matching section 40 finds a
si m Barthieyw &g ttheaihréérdimepgional wbiret anst e ae Bisofatidiesection
conpari son i mages (step 102). The result matching 5
2598 thé samela cilectirat elnmesiondlarbjeot hedeleegidthation section 25
mat ching result and the matching result of each of
in the se@iner @myentiongbtechinigue shawnhia FEke2& Represemigéive
mat chi ng result storage section 50, and extracts. )
thyesr dineensdonalqiiect madelsphiningdafropnthanthrgeidimansional pbject

t descending order_of the simlarity. (step 103). .
mqf{jei Apgypirafionesestionce Pﬁ%@éeﬁa\}gilﬂg“ﬂ?“dﬁl%&‘rﬁ Yearpegntative
thxgelesgiln?é/r?s%na Oobg'escttexgo&gﬁgt'orage section 20.

General operation 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 input 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 (step 100 in FIG. 2). Subsequently,
the image generation section 30 generates comparison images that are close
in the input condition such as the pose and illumination to the input image,

i.e., comparison images that facilitate comparison, with respect to each of
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Operation conducted at the tine of representative

t hr ee-di nensi onal object nodel registration and
operation conducted at the tine of reference inage
registration will now be described. At the tinme of
representative three-dinensional object nodel (a 15
t hr ee-di nensi onal shape of an object and a texture on
the object surface) registration, the

B0 B Ao St b atp b 3% o 23

o S NERBH I 3550 RSBl D SR04 100
O R

B8 BT T 5 A8, LT e

bt SORYIc s T SLGTEE, (AT i Pl

mdATRhAIY RBuIeEt d4h 4Psheef&R% e $nachE sE)cﬁfeﬁriﬁrf‘Bg rePREfSe
Wi t d by the image

h conpari son 25 |1 mages generate

im@ 88 ek Achiy $&G1lt 9tbrdBe QBctid}e 5028ha eﬁfratcf‘é?reﬁf‘éﬂcgtigiaeg%s

representative three-di nensional object nodel, an

hatimgsinglasiattgitgt desGitseih B0 desdenfald ¥rddrt? thefsehaasRy
i mage matching result update 28 section 55 adds a

(stepd0B). Bihallye amefelenog imagedelving higtesimil ity dipldyed

of the reference imges stored in the reference I mge
(stemtlOM).ng result storage section 50 (step 202). At the

time of reference image registration, the reference

i mgOpsratgh sonducted addie tome7d reprefentegve three-dintesional

reference image in the reference image storage
objeet maslel resistagiprpand ppert@n ¢andused segheninhg of réference
. reference | nage. mat c{)]érag result update section 55
1mage gegistiatioay Wik mow berdeecrikast stered in the reference

i mag orage .section 70 tq the .image inpyt sectiq

10 a tﬁ\% t’r[ﬁﬁ of r?ﬂ’&@@?taﬁh\ée &éﬁéi‘gﬁ%?@slquﬁg’g@t %@@Rﬁg
thlireﬁisa lg&enusri)gl?a{leshsa%%t ofRh gbsje&:o qu(l'f %ttsex uxteccbrll 1r:]19e’ ofnjréc% Q&rface)
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 input 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
1mages generated by the image generation section 30 on the basis of the

registered representative three-dimensional object model, and finds a

similarity (step 201). Finally, the reference image matching result update
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mat chi ng section 40, of the reference image with
conparison images generated by the inage generation
section 30 on the basis of the representative

t hr ee- di nensi onal object nodel stored in the
representative three-di nensional object nodel storage
section 20, and finds simlarities 15 (step 211).
Finally, the reference inage matching result update

T e e -
o AR e 958 AP AR R 5] e

bove gntll be descri bed. 20 The second enbodi nment
segtian pf dstep uration in which reference images are

retr F“ﬁ‘éﬁ? tpl%éﬁg)g '}Ef%éﬂ%@nég% ?%éisﬁfat{fﬁ,/ gﬁé DerHER YL Hage

t he é an enta

re%@%%x%ﬁoﬁ% gi[%hof?hré)&e itePPY S et %ftep%x?cterh@é'éé in Be reference

ween rererence | nages ana

imz20 £ ALl By 1Y Rfep g1 gRATTENAN) Ob) ect model s, Even

y one reference 1nage or a small 25 nunber of

ref eS%‘B%Sq&éﬁgﬁsth%rféfé}fe%@%a%&%ﬁt&ﬁh%%sultt %ﬁ%&@gé‘omn
reference” 1 nmages can be retrieved with respeCt to an

55| JaRdE thERERrehcAinabb 86distireHad thefrefidate amdish 5Bk
condition concerning the pose and illunm nation. 29 The

sedtids §0tto eHb eiageihpliase@icy0 MO isgWwhatingnt ihawei The irefe@ence
mat ching i s conducted by conducting matching with

1magp mestehing rewnlt update seotinshdoahd adjsanttdhidg) in thei iedage
are |l ess than objects and conducting simlarity

matehmg sddtiom 40, dfitherrefarense ohaghevitlatcolipagisofhinsagemkes
fast 5 retrieval possible. Since the time taken for

genexatel thiyl threi inyageagendrationrsestionmift enithe basidfithei s
shorter than the tine taken for the irrgge mat chi ng, )

representative Hnge- dimansiedmbiedimenel starsbin bhe reprgeentative
mat ¢chi ng .oper at.i ons. For exanple, Lf th nber N of

th{%égxna%m%e%k Jﬁ%mlorsleﬁ%t-oa?aeeggqtb%%o&b?i@?ﬁsr%@é\agl%s
N = 0 ere Mjis the nunber of.objects he nunber

(sthp 240) rEmalinche FrigAsE I Hen aiEhinp AeRLorb el fieBan 55

adldg%gr%sﬁ?tt ocirghré g?c%{igtgltg tRe reference image matching result storage

section 50 (step 212).

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 between the input
image and the representative three-dimensional object models with a result
of 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

up under a different condition concerning the pose and illumination.
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isLx N=LXx M100 where L is the nunber of
conparison images for each representative

t hr ee- di nensi onal object nodel generated in the imge
generation section 30. Thus, retrieval can be
conducted with the nunber of tinmes of matching as
small as 1/100 of that in the conventional technique.

15 Operation of the second enbodi nent will now be
descrjbed with referencgéto concrete enbodi nents. As
shomﬁherpmﬁ@t embdipgpk ﬁtaa%qr\ﬁ&wrmleélauwﬂmbnme

ect . are stored. in

nmodel s C; i = 1, )
m%tﬁ NG} %&wgﬁc}c b@%ﬁﬁl%ﬂag %ﬁ@%mﬂb{ﬁm@@erﬁ%@e three-

diBEREAAL AP charosts s HERFE GRS M8 thah c?w?cté? énfé'rrio?ch:ﬁg@s
e bj
sinpylatity ol tion pigbtneShli et eB8 e Eichid). ThiS WAk bl

reipiia) Boe@bidgont b The FRkeH flhed Séml"%fh' AetatBi ot
ma{réépgf%%m&sfs%%lrtew}%% tﬂgoﬂﬁ:{ %xsfo§ 300 ?xgage mz?tgbub@ the

nce mat C r SU orage secrtl on

refdiLEIRhE Qleﬁten{ig %ntt'h'éem%bgP of %Eé@ ﬁfa%ch eratIOi(lE For

registratio I's supposed t t~an I npu

exinpl$ if AR Ul T ﬁofﬁhbsrepp&re%wﬁde berefetkﬁnierm&nﬂfkgﬂéct |

section 10 at the tinme of matching of the i nput

mddB9Rs Nt Wlb@théh*eFMCis t2ke- mﬁﬂaéﬁap@ﬁbéﬁé (thd 8 ukiBEef

generation section 30 generates L conparison inmages

refekédde ilvdgdd), theh the numbdr of reqdired image Eﬂaﬂ&ﬁh&é‘ opéRitions
close in input condition such as the pose and

is LIX Nn& ik IMA1000y héwe Lagthe nimger ofWoldparBppeitiadsd foaehch
of the representative three-dinensional object nodels

refre€pntgtive flhree:dimen¥jonal dijectrmpdesgnicasiedein the image

t hree- di mensi onal object nodel storage section 20°
geqietagpon] Sction $0 a’Bkyu$,|n@mr1evanlecam’ag eomtuated mgtls ébe nomldr of

flndsa3|mlar|ty S between the input image
timesof mptehiagascmai atShLﬂ@@ @ééhﬁ%@hthmmgnt@maé techn)lque

and finds .a nmum s larity Soj .= maxk S(I,

ever 9%@%@}3”2%%3@%@1 whodananh il ngiabe éewebedmaféx
refg%r?c% tlo %)ncrgtlgeeri]lgogl | nl%:S

As shown in FIG. 3, N representative three-dimensional object

models C; (=1, 2, ..., N) are stored in the representative three-dimensional
object model storage section 20 in the same way as the first embodiment. As
shown in FIG. 4, M reference images Ri i =1, 2, ..., M) of the objects are
stored in the reference image storage section 70. As shown in FIG. 5, a
result (similarity S;) of matching of each reference image R; with the
representative three-dimensional object model C; 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 input section 10 at the time of matching of the input
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results (simlarities) Soj becone, for exanple, as
shown in FIG 7. The result matching section 60
calculates simlarities DO = D(Soj, Si) between the
mat ching result Soj and the matching results Sij of
the reference inmages in the reference image matching
result storage section 50, and 15 extracts reference
i mages in the descending order of the simlarity D of
. the , matchi ng sult,(step 103).. The result of the .
image (sfep %Ei@?? SI@Squﬁg?}aﬂ Ehe Huage gRAeyailqn esctiog 30
As reference i.mages havihg a hj.gh_possibjlity f )
BeBETATES ArCATBYESY 1%‘3?,5??’%(“08?@& Ias t ei‘i_n Ut "Olr?a‘ﬁgl,‘:h are
Rl,. R5_and are bt aiyned i n the.cit.ed, .order, . :
clogfiniRpat Pt Rroristoes HBese AU AHG bR gHoRgo the input image,
Simlarjpties qar | spl aved. ((ste Q4).. At .th I. of
wifl Bk b BR0Eof kL BB TSP i sidyil oblett Rdels
regiist r afg - di 1.0 ' e
CifEgtatr oy o the dPpheatadt TER e flL EEE 0B hodel storage

sedtSdy 95?559?10’19 t hr ee-di nensi onal object nodel. If N=50
representative three-dinmensi onal object nodels are

al r e?ﬁﬁdﬁ?ﬁ&ﬁ,tﬁ{eleﬁnééb BB g &RERRSY AhHYS simi

t hree- di nensi onal ob] ect m)dé%r storage section lzaéfltyt%%’
GiD) e @eefitABRA) QD #n a8RITAE tv) TRHLE a dHEGH He! @nhYiSSF ith 8Fes

25 registers a newtifty-first representative

Gjl(ay ¢Ba@idengs anabxihhectiniidsaty SHE hsikeSR AR svdry G

10). 31 Subsequently, the reference i mage matching
represuehtatinadeliree shieddsion dotgedtdaodelcBterei 62k MR nabding

Ri stored in-the reference inage storage section 70
requdtd (sémikmriptes) ifapbecomnd,i fon ek @made t dreshiownin iFt6gd. The

reference image matching result update section 55

condJbegemnltohahching sehdor &dhraiculeter sntidaritiag®: Ri D(Sgj;, Si)

with the registered representative three-di nensi onal
betppast tharprrdrhice rappluSpiegd the madehingawsntisiSorrfdbe rpfarence
. 30 and the 11 mage . mat chi ng section 40, and fjnds each
imagps Iy Ehe yelerempee imags maschang resuligtoragasectomyo, anke

t chi result (siimlarjty i, 51 bec s,. for .

xR T eACE T IBOHerloein ia Oragr of P S laribu phihe
maEclcl%ngllse’sutltthté;? fl%rB?.nﬁ?e remdt opatlecg}lctr}gction becomes, for
example, as shown in FIG. 8. As re-feren.ce images having a high possibility
of being an image of the same object as the input image, Ri, Rs and R are
obtained in the cited order. Finally, the reference images having high
similarities are displayed (step 104).

At the time of representative three-dimensional object model
registration, the three-dimensional object model registration section 25 first
registers a new representative three-dimensional object model. If N=50
representative three-dimensional object models are already registered in the
representative three-dimensional object model storage section 20, the three-

dimensional object model registration section 25 registers a new fifty-first

representative three-dimensional object model Cs;1 (step 200 in FIG. 10).
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result update section 55 adds the matching result to
the matching results of each of the reference inages
stored in the reference image matching result storage
section 50 (step 202). At the tinme of reference i mage
registration, the reference inage 15 registration
section 75 first registers a new reference inage in
the reference imge storage section 70. If M=100

bR MR T R T —
R e T
oo 4L TaTHF Y50 P EPFRGE R 54 g0 g poteence
RGPS A, BPOEPLRE e SE e Nt B e co.
re B B e e Dt L e TRttt

obfe@P &sde CIRLEGhishge Ghe h!agg_é bRLeAES sbdthaf3Rand t\Hetiﬁheage

each three-di mensi onal ject nodel C stored in't
meaehiSPEQIRM 20, 4R1 FilAS eath FBASIaRRRIS; 9P ee4xB(WE| G511 (step

storage section 20 by using the I nage generation
203ection 30 and the i mage mat chi ng section 40, and

finds each simlarity Slol,i = maxk S(Rlol, G Kk) (step

211) Th32mAtehingtredils dsineidamity)(Sijsrbeamésy fobeanpks, akahown

exanpl e, as shown in FIG 14. Finally, the reference
in IFT6g d 20Eiwdlly) grsredeont infd6t 4 35 tlod refardifee iatkge mhéching

mat ching result to the reference i mage matching result
restlonpgete segtidrodd 8dd¢ she matrhing sesart torblye madckingupsults of

system according to a third enbodi ment of the present
eathpéthe oefenpnde imngasestaeadin thairefarenoedmaggi matching result

reference to FIGS. 16 to 19. Wth reference to FIG
storgge sactiom§l F@Pc#Hg system according to the third

enbodi nent . of the.present inventjon.inc¢ludes an i.mge

pU TR SiBe g e EBe Bt A, £ GEariar GRE SEBT L ee
réga'lrs]tllaq?&eseré%fo%wgq ﬁrsster%tglis Urd v reference 1image 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 referehce 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 image. The reference
image matching result update section 55 conducts matching of the reference
image Ri01 with each three-dimensional object model C; stored in the |
representative three-dimensional object model storage section 20 'by'usin'g
the image generation section 30 and the image matching section 40, and

finds each similarity Si01j = maxx S(Rio1, Gji) (step 211).
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result matching section 60, a second inmage generation
section 31, a second inage matching section 41, a
result display section 80, a reference inage storage
section 70, a representative three-dinensional object
nodel storage section 20, a reference inmage matching
result storage section 50, and a 15 reference

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

Th t \ r at d i bed I A .
Thgf! CO"%?&?ngreEE@Hsﬁﬂ?ﬁﬁl??} ﬁ"é%snnheasgt y gfg%?l??é?;oe a%, @S,V!howtn in
| e |.fage natcnli n sectl o , e resu
FIYE 4, Bl e i hoe ez R IChATE P Syt piata sedtipn 55

adi e BRI Eoq P28 eBh HRNERE TRt mntchPinsault storage

. cs{pn 20 conduct the sane processing as the
Seggrlg%ggglsﬁe %io ducted in the first enbodi ment of the

i oot ke AL ing S B fingieo LFAURNRodimmang of the
pré&IAIANERHDARAR A5 1 @A HREAG A 1EREHE & FRER. 16
t hr ee- di nensi ona 25 obj ect nodel storage section .

to lae reference three-di nensi onal object nodels can be
generated by conbi ning representative

thr egyHhrrefsieabdlto FO0). 46! aANHRIS BheHHgIsHsidde according to
representative three-dinmensional object nbodel 33

the thirdganbeditat AGheprebentasicntdh inefle¥ain flage input
concerning the reference inmage matching result

sectegi $0par dmiagetdemctafien goctton BOgan iaiadai mgtdealsbetion 40, a
storage section 50. O if three-di nensional object

resmlt @hatching bertman@0,0bgemind asagd gen@fationnseetioneBIE sade@ond

_ previously generated by a three-di nensional 5 shape

imaga suaeheng segipar 4l us result desdapsevlagn 89, tireference image
above-described representative_three-di nensiona

stygpaseciir d0, pagpreseataidne thrre dimmersionahehisctonatiel storage
ob'egé nodel s may be used, . The s?cond i mage. generation

segtien 2Bn?2 aleyencs Hpage matshinsmeult shogese sentionp@ andse

el SR RS 25,08 RRES A g nat o

| mag%hiegg gct)m%gﬁghgsnné[gflyfo%{argte 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 embodiment of the present invention
shown in FIG. 1.

Reference three-dimensional object models associated with the

reference image are previously stored in the reference three-dimensional
object model storage section 21. The reference three-dimensional object' |

models can be generated by combining representative three-dimensional

object models stored in the representative three-dimensional object model
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reference image that is a high precedence candidate in
the matching results obtained fromthe result
mat chi ng section 60, on the basis of each of the
ref erence three-di nensional object nodel associ ated
with the reference image obtained fromthe reference
t hr ee-di nensi onal obj ect nodel storage 15 section 21.
The second i nage matchi ng section 41 conpares the
i nput inmage obtained fromthe jmge input section 10
stoxpee seetdon 8P omnidheckafia of srfarmakingconcerningdhemefrrenne
. second |nmage generation_section_ 31, and calcu]ates
image maichingresuit regisieznd in thg gefesenemimage matchingresult

enmbodi nent _wi || .naw be_ described.in detail wth ]
storage sestien £8- brfﬁ thmsesiancn o) ightrmeneluef the frae object
%7.-A§thetime of input inmage nmat ing, ste_as 100,
as }pq reipgonca ynagRare REmHORHY Feaeratpd b d three dHaensiopgl
eration conducted ,in .t i rst enbodi nent shown..i

he f )
shipitissdBe It A e s e SR prad o R v g

SRS SO S B
a5l Ot hTGR, BULALDSELL om (he Tmge i nout

ST ererer _ .
R S S A RO

im88&ehtieft AReclosefe iR ColAi 860 LaR RS iﬂéleftiyos_@*ajn%ﬂnu'i!f&ﬁht ltieon

assoclated wth the reference inmage obtalined from

con At RheRR et iNpaE 1 AiaBR dYt AR RhineHe MPAR] irphIsR860R 10, for a
section 21 (step 1I1). The second i mage natching

ref8iidedin Aide €HHTHAMERIghhSracB@éticd dldied a febinaiHees atéltreults
I mage i nput section wth each of the conparison inages

obtatihad fiedn fthe ek mewbing seetien §enat ahé basisefteaol oBthe
and calculates each simlarity (step 112). Finally,

referencedfherenimensigel lvhydch gndd el Fassoaintest with fle ref@rence

~ displayed (step 104). . _ )

image obtained from the reference three-dimensional object model storage

section 21.

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 1image generation section 31, and
calculates each si_milarity.

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 of input 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 pose and illumination

condition to the input image obtained from the image input section, for a
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Effects of the third enbodi mrent which has the

configuration and which operates as descri bed above

wi Il now be described. The third enbodi ment has the

configuration in which the reference '

t hr ee- di nensi onal object nodel generated by comnbining

representative 15 three-di nensional object nodels is

mat ched. Even when only one reference inmge is

resent every object, therefore, reference inmages can
refprencetinm agesthatoy abighypracedensetaitidatenimeid ehingregisults

obj ect nodels, wth respect to an igﬁu Lna%e 0 ?n
obtgaped from the gespltunatahing geetien Bt or thepapispt each of the

concerning ..the pos nd illuymnation., 20 The present
refaranggi %ﬁ@'dﬁ@@nﬁl@@ﬁﬂ%ﬁﬁtmiﬁ] as0GiRtahWI iy dreetrdgrence

imagh ABLERCHIT B IRrER e R R s aRe Bhp Bl btioRodRkstorage

t hen t chi of the reference three- dinensional
Sec&B}"e@ﬁ?ﬁ?Beﬁ%\h th high precedence candidates is
cond

o 5k ot e SAblon SR T RS g
ob RS S gl o B 50050 WAEH o By LBR R ESob Fmees
obfURERH (e sth5hd L Als SRHOCHRN et BT SOROL AL MR gk
Siﬁ@gﬂﬁ%ﬁg 119! faarnaggja,rtﬁe %f?agc@ﬁcé b BE hh RIS élizr{()inFrity is

nsi on ect npbade storage section

iR s enes, images R (i =1, 2, ... , M respectively
lsgf ﬁe 5§%bj ects as shown in FIG 4 are stored in the

r ef eEgRess bMBEELIHEQ eaddBRChit erhickhasAheedtliburation and
(simlarity) Si) of matching of each of the reference

whittgpserdfes asiddactibed radpre sl wéw be dededbedli mensi onal
obj ect nodel C, as shown in FIG 5 is stored in the
r ef eThrdhirdregdodameht hgsthes ebnfigumtigeiswhithobhépeference
addi tion, Mreference three-dinensional object nodels
thigie-dimensipnahgbject model gapernaded by gombiningrepresentative
reference image Ri are_ previously _stored in the
threet dimgnsdonal eyeet medslisanatijede £vap dehens pplyagpe reference

. section 21 as sho%/n in FI% . )
image 1s present every object, therefore, reference images can be retrieved

by uéing 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 precedence candidates is conducted. As
a result, reference images can be retrieved at high speed.

Operation of the third embodiment will now be described with

reference to concrete embodiments.
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18. It is supposed that an input imge |I(u, v) as
shown in FIG 6 is obtained by the inmage input
section 10 at the time of matching of the input 15

i mge (step 100 in FIG 16). According to the sane
processing as the operation in the first enbodi nent,
Ri, R and R2 are obtained in the cited order as
reference images having a high possibility of being an
i mge of the sane object as the input image as shown
i n FLethe spipe wayjasdde epesatianios ﬁhe ;ﬁéé% pebodimenhe

RN SR R AN VLK &“b&%??esﬁ%%ﬁwn
in FFe 3&%@@‘33@@@5 gt heTCTRES e e ttf\xﬁ?'gﬁgs Bl & @EJ%_F grpdel
R T Y
obfefas BhnaR Iy ”%%feeﬁ Or%@a%f%ﬁe 23RGAR FRa LS LERERS Saction
t t
70, 85 Bl GG SERE b ERE R oaf R e FBESen Bl PRGOS B
nglﬁ tH }e 1% e%‘cati‘% t}i'r'ee ‘i nsﬁnd’l‘?)'bi&é%ﬁlelcd? ofsesﬂcﬂv 1n FIG.
&oNa Rt

I on such as uni’nati

5 1ts @?oﬂeﬂﬂﬂtt e?@%ﬁ‘eﬁ? 1%&%%% r}ﬁgtcfhﬁ églﬁt b%@ﬁgﬁ s@@HSn 50.

section 1 The gene atlon

CONDEA iaARidATBMER féFdhcH th¥de-HimEREIGHET S6eBY middeNIBA( =
method simlar to the step S101. In other words, the

2, SECPD GiskHAHRORNE tHd ATl itthgd3 IR gﬁ@q{@bﬁﬁslﬁ stored in the
conpari son i mges HHk(u, v) (j =1, 5, 2,

refe}enddl tHredid@meng il dbedt BRodel At el Séﬁtl@ﬁm @§shdsxen in FIG.

pose and illumnation to the input inmge, wth
18respect to the reference three-di nensional object
nodels B; (j =1, 5, 2) in the reference

t hr e&t i srmwsed]ahabbpeupumge {twrage oot onFIE, 61he
second image matching section 41 finds a simlarity
obigined rhykt}lebma,@empmﬁ@ephpmw atnihgetimeint reptching ebthe input
arison |mafg§ HHK ( ;/3 and, finds a maxi num 10

1m§gg?$t@pu 1P igol h@&l@ds? ing;tRthe pape psgessipgtasihe
Opé]fl?(%%&p }qqﬁm”% an ngpéﬁni’euxgg 5R b Comé R; gxr'e o} t%qgé int ahe cited
order as reference images having a high possibility of being an image of the
same object as the input image as shown in FIG. 8 by the image generation
section 30, the image matching section 40, the result matching section 60,
and the result matching section 60 (steps 101, 102 and 103).

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

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 referénce three-dimensional object models Bj, Bs and Bs
from the reference three-dimensional object model storage section 21, and |
generates comparison images Hjx(u, v) G=1, 5,2,k =1, ..., L) which are

close in input condition such as the pose and illumination to the input image
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S05>Soi >S02, then R5, R and R2 are obtained in the
cited order as reference .inmages having a high
possibility of being an i mge of the sanme object as
the input inmage. Finally, the reference i mages having
high simlarities are 15 displayed (step 104). An
i mge matchi ng system according to a fourth enbodi nent
‘of the present invention will now be described in
detail with reference to FIGS é%g to .22, Wt

obtained drase the i 1m|a<ge ipput éﬁcﬁlméé) chl Hg Téxyﬁe@ﬁratlon of the

according to th ur odi nent of the present
com@@éﬁ’ppdma&@é%a@s ih Wﬁ‘é; Hgmwgé@c m@ﬁh%gsu%ﬁar to the

[ 30Q,. h

stepoS 181 Yo warah ey SSodth i ke ergg,gggg&'cpgg;gcggn%@ms
generatl on sect .a_seco _ tch
L diprgion images EBgR: VHi ST og Last b o6 WHirbrge clss in

referenc

il B GHRE F 9s g ByRiFIaN: ﬁ? 57t o, wih

| i on_20
relihcE B SRR PO o Bk b TR IR SO A 05, D m e
ref%gen@e oSy Srﬁ&%%sid%q%b&%@trﬁﬁaﬂ Osth tgeglfowzgﬁme@cbﬁa

are erence 1 nmge res

imﬁ?‘e‘trhgﬂch?é s@ctﬁtﬁ{ dA birg agﬂtmf'ﬂﬂﬁbeme?ﬁﬁhemgﬁlt

or age ct I on ree di mensi onal | ect

lm@ge%% %rbﬁ{@émﬁco%ﬁﬁh@an %Zlag-grﬁjktlpl’u)t Ain @ FRAdi N RAki Aasn

a configuration obtained by adding the reference

sithTBOR TS%,gf%Sa{ﬁts@nHﬁﬁébéﬁnmwel(s!”teptlfllzéae di nensi onal
ob Jec¥ nodel 5 registration section 25, the reference

| Mg T HEhebiHig g resultts bepsiak eforentandple, 86 sAOWntiREFIG. 19. If
t hr ee- di nensi onal object nodel generation section to

Sos¥Bn1586d ithen &s) RN aafl Rhard bbtainediwdhereitbd ofdett as reference
conmponents in the i mge matchi ng system according to

imtalges hiawimg h hegh epdssibility ¢feiagen imagankthessamhesbjech as the
the third enbodi ment, 10 description wll be omtted.

infTaeinegpdfieally, d@me&ferwqewén@geassbwngémb@mﬂmltWS| gre

be descri bed.
displayed %step 104).

An image matching system according to a fourth embodiment of the
present invention will now be described in detail with reference to FIGS. 20
to 22.

With reference to FIG. 20, an image matching system according to
the fourth embodiment of the present invention includes an image input
section 10, an image generation section 30, an image matching section 40, a
result matching section 60, a second image generation section 31, a second
image matching section 41, a result display section 80, a reference image

storage section 70, a reference image registration section 75, a

representative three-dimensional object deel storage section 20, a three-

dimensional object model registration section 25, a reference image

matching result storage section 50, a reference image matching result
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These conponents nearly operate as described bel ow
The image input section 10, the inmage generation
section 30, the imge matching section 40, the result
mat chi ng section 60, the result display section 80,
the 15 reference i mage storage section 70, the
reference image registration section 75, the
representative three-di nmensi onal object nodel storage
section 20, _ the_ three-di nensi onal qQbject nodel

undage seqtian 6% 3 é@feﬂf%cezﬁ}rea'rddnm@orwéfoiwﬁe@odﬁwg@rage

sefJR68 4o AR SbreR oS A ALIRCS R G Fatif SPrhan 27
S R e
rele e b 80 NAECr L EOORUI el (DGHETaR T oe SURP AL Piget model
re @l SEECR o0 Bk 8RR PAGRind Fed ihee Sovion
R e P e L

cofsltﬁghggt%&gfm Emg%%g‘gﬁ@gl%?tj mage matching result

rage section he reference i mage matchi ng

resulgls 44 g%fon%?ﬁts i Q%hePmal Bﬁnﬂb‘h%‘?% sPUtBRN SRR ng to the

obj ect’ no generation section 27 generates a

folRheEhEE Mt @Bmt GirERAS QAR a PRI REtin TRdehiRBSAGb AR,
with the reference i mage by conbining representative

debdripoll Wity eialte QOTRE Lopdabatd Adddieid g sraghat i ve
three 5 di nensi onal object nodel storage section 20 on

entbuelilbest svillfbe dd@ritrdi on of the reference i mage

mat ching result, and registers the reference three-

di mefThieseadmpbhents neaidy opardteens dfseriboddelow. The image
. three-dinensional object nodel storage section 21, or .
Inpwidisacsonal ¢, dherimrage gamezatidieeidtnB8l thrbjreage moadehingn

t he reference_three-di nensi onal object nodel - storage
seetien fBntheresull watehingsisetiontdd, the resufle dispday iseetiers 861 the

gi gh precedence candidates_-in the matching result _
relgEeRTenERRES PR s seian { Onthecieiorgnse dmiagh registrateon 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 embodiment shown in
FIG. 9.

The reference three-dimensional object model storage section 21, the
second image generation section 31, and the second image matching section
41 conduct the same processing as the processing conducted in the third
embodiment shown in FIG. 16.

When at the time of registration a reference image matching result

1s registered in the reference image matching result storage section 50 by
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second i mage generation section 31 generates

conparison images close in the input condition such

as the pose and illum nation condition to the input

i mage obtained fromthe i mage i nput section 10, on the

basis of each of the 15 reference three-di nensiona

obj ect nodels associated with the reference i nage

obtai ned fromthe reference three-di nensi onal object

nmodel storage section 21. The second i mage mat chi ng
the geferencetimegerpratebinheeswpupdateaspetioofinithedhteeom t he

image input section 10 with each of the conparison 20
dimgengienad lebich aepdal Genehrticr e¢idon fd gengeaier & Teference three-

.sectjon_ 31, and _calculates each sinilarity. Ceneral_ _ .
diggapiwmad gbisict medel aspediatadhbwaibnim refpremcn sinage by combining

descri bed ig detail wth reference to FIG 20 and
repYeSREAAYS ShisRen o s pRekoiget modelsa the eppesentatiye three-

o B P T e 5B BRSPS B o
el el B B S Rl i Pl e

o SR RGP T RO PRE b PR P
R R T S o R

R S I R e e T

basi syith 128pliab thefiehies fiagod BF RRANHIREAL AN andidates

obj ect no s associated wth the reference 1 nage

in @hé ¥ NRUiAE 08B INBbELHed SRR thEreSn i NBNRSHN3bct9dH 661 the
nodel storage section 21 (step 111). The second i nage

sedBICihAge §6641Rbde VDAL @EnéRRes BPbalFBEEMalls close in
obtai ned fromthe i mage i nput section with each of the

the impat caatitionegeh astiteaporedarid dbamiveats@c omediitivagi® the input
generation section 31, and cal cul ates each

image obtained from the image input section 10, on the basis of each of the

reference three-dimensional object models associated with the reference

image obtained from the reference three-dimensional object model storage

section 21.

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 generation section 31, and
calculates each similarity.

General operation of the fourth embodiment will now be described in
detail with reference to FIG. 20 and flow charté shown in FIGS. 17, 21 and
22.

At the time of matching of the input image, operation conducfea at

steps 100, 101, 102 and 103 in FIG. 17 1s the same as that conducted in the

first embodiment shown in FIG. 2.
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simlarity (step 112). Finally, the reference image
having high simlarity is displayed (step 104). At
the tine of three-dinensional object nodel
regi stration, operation 15 conducted at steps 200,
201 and 202 in FIG 21 is the sane as that conducted
in the second enbodi nent shown in FIG 10. Finally,
the three- dinensional object nodel generation section
27 ‘regenerates a reference three-dinensional object
rmderf%ass@@@m&ﬂ@agwaeneé%feﬁn BRIt Aé Eenprafes gymparison
. conbining representative three-dj nensional ohject . .
imggeR plaat ahretﬁésez@l PHB%te‘?é’rﬁltl%lPP\%c Redee RofR AFdoraymination

oo gt ShE P20, BB e Bl el
ol S TR PSR P B RSB st
ooBhEE R 0 el L5 SR BOSH PATRIEL Phshare
ol 05056y 5Tt TS AR LG (B eronc

R R R OOl LR B o

e sane as tha

sedthiéh é'g(&%ﬁgﬂq)_enbodi ment shown in FIG ‘11. Finally,
the three-di nensi onal object nodel generation section

27 gFREIBEAS] fnheh A £GEnS BE@ R IRARIDARSY tIAPIRALL image
nodel associated with the reference imge by conbining

obtREE T ahé VR ageihpat dbsmns wWatlabadlbbPtHe CREPASsOR ihBGes
representative three-dinmensional 5 object nodel

obtdined geons ¢hé isecorDiragé lgenbrsticn séctionf 81 naid edicafatédeach
reference image matching result newly registered in
simflaritef{eepnid?).i Fagdlyyhhe hefegencebnige bhvingge ghedtiibarity is
50, and additjonally registers the reference three-
displaatsistemlO8bj ect nodel in the reference
t hree-di nensi onal obj ect nodel = storage section 21 .
(st eft2he Yime of Ehrascdignemsipnel okjaet modehragistisationhopdration

conaniad ot mrennan s Boioand Mgin e, P8 Bl as that | 2o
conducted in the second embodiment shown in FIG. 10. Finally, the three-
dimensional object model generation section 27 regenerates a reference
three-dimensional object 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 result 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-
dimensional object model by it (step 220).

At the time of reference image registration, operation conducted at

steps 210, 211 and 212 in FIG. 22 is the same as that conducted in the
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The fourth enbodi nent has the configuration in which
the. reference three-dinensional object node
generated by comnbi ning representative

t hr ee- di nensi onal object nodels is matched. Even when
only one reference 15 image is present every object,
therefore, reference imges can be retrieved by using
the reference three-di nensional object nodels, with

respec to an _input i e .of . an_object picked up .
Se%ﬁé&mgo‘ii'im%%%}ﬁw%éﬂ | -d&-%@% ,rﬁhﬁgt re¢idlmgaalonad object
iJlum nation. The esent enbodi.nent has a.. . )
m%ksﬁa%ﬁa&t%%%wﬁ ER1PEAtSP ariederopce ﬁﬁ@%@dm@w@nﬁk ect

I R Rk
e G T e R e e
o FLPE S TRO BR8] AP L A oSt rtornce
8 B £30APLAEOREA0 HEGLEL i TR I fins
res%ggﬁggg@E?_cjtitfzx??O,egﬁﬁtaﬁﬁﬁﬂgn’\éﬁ%g@ggﬁ%m'fg @ﬁggafl%keg%aﬁge-
dixB6£siShAT S¥jebthmbli8] [P PhE $ERY&h doVighrbSupretls RS bBRRL model
obj ect nodel storage section 20. Reference I nages R

stothgesdotich 21 {step 441)r espectively of the objects as
shown in FIG 4 are stored in the reference i mage

st or Bffectsasftthefourth eAbodsbht Gich hakithy ):oﬁi%uﬁtion and
mat chi ng of each reference image R with the

whidpopsentahs desédibed abovendllana beldeeatibedwdel C3 as
shown in FIG 5 is stored in the reference inmage
mat cEhadowgbumbsdimegehse the confifurativnaicdwhidntheMeference
reference three-dinensional object nodels Bi (i = 1,
thige-dimensiqyal bientimodel gindrateteby epmbiming repuesenRatize
previously stored in_the reference three-di nensiona
thrggjdigensinal objestagadeleds impptched plivemavhem erlycansesiederence
. conducted at the tine gf refer ePce i mpge regi s{)r ation,
1mage prasent ﬁquqycgbjfgi;, 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 precedence candidates is conducted. As
a result, reference images can be retrieved at high speed.

Operation of the fourth embodiment will now be described with
reference to concrete embodiments.

In the same way as the operation of the first embodiment,

representative three-dimensional object models C; G=1, 2, ..., N) as shown
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It is supposed that an input image I (u, v) as shown in
FIG 6 is obtained by the imge input section 10 at
the tinme of matching of the input image (step 100 in
FIG 16). According to the sanme processing as the 15
operation in the first enbodinment, RlL, R5 and R2 are
obtained in the cited order as reference inages
having a high possibility of being an i mage of the

) nme object as. the input inmage as shown in FIL.G 8 by

in i"ﬁ@ Brggesteratimtheorerresentasiyeddree whmengtpnalwbiast meodel

section. 40, and.the result ching section 60 (steps
storgge sqei3omRl- Referengpimpess gg@lp‘eét A o, rre%s&jﬁwﬁz of the

th refErence I %ﬁs R1, 3§.ang R2. which are three i
obyecthaPRYERIAE ‘Tamaesioasd in thrLelraeRen Hpagestarage section

098 BT S P R A5 B e e

e R
RATE AL LRGP OB SRR
L i d i i ; 141 J .l
) o055, S36ck e AR OFARAL AL BNEL P8 i

9, I.1 onm LRgodiHRIEw thPtHe RE5LdHRR img(e%eﬁe.lﬂnt)ziou}?g s%)?gafiﬂ the

I mage 42 matching section 41 finds a simlar

refbirdncel@irae RmieR8id AR bbjd i BYEId] (Horagh) se@Bi8nSACHy the
- conparison i mge H3k(u, v), and finds a maxi mum

prédeding dondudtdd attheiikn 6561 refbkdtlcedvige rpatkafish e shown

112). The matching results becone, for exanple, as
in MGwmi8Iin FIG 19, and 5 R5, R and R2 are obtained in
the cited order as reference ina?es having a high
possltbisl supposéd bkeathgn anputragegei(u,he ssatewabjreFiGas is
the input image. Finally, the reference i mages having
obtsiiged dyrthledniage impat desipdrOchat(tdrechmetf)mapghingef thermput
of three-di nensional object nodel registration, the

ime e bxteni Mionai BHaI 1@hpseerdipadp the gpme prdcessingasitbn 25
ORI ) TR et Koo P Rnere epiadehimthe eited
ort*q_ljrgefe?% %gﬁgiiﬁ)&%§ o) Elgl:é arﬁgglposégl riﬁ%? ofS g&%igoar}l 1211(1)51ge|: ](c)f 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 matching section
60 (steps 101, 102 and 103).

With respect to, for example, the reference images Ri, Rs and Re
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 reference three-dimensional object models B;, B5 and Be
from the reference three-dimensional object model storage section 21, and
generates comparison images Hx(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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obj ect nodels are already registered in the
representative three-di nensional object nodel storage
section 20, the three-dinmensional object node
regi stration section 25 registers a new fifty-first
representative three 15 di nensi onal object nodel C51
(step 200 in FIG 21). Subsequently, by the sane
processi ng as the operation in the second enbodinent,
the reference i mage matching result update_section 55
mafshtrgsectioned hiindriangimridanity S@s Higbeswenntheanpntamage I(u,
' ching result storage

SRR ROLL Y T T e

- SESESUE S o FPAE. pener L sl on, 2
B oo L Eh ERERTA iA  E: 1 an

Rot i BB aaf BinTngio s B s Sl akder e BB SR G B Fie o

iR B MR 8 S35 LSFERER A, e

. | ' . d_.
Fifih tha el RAG HiSkED havile HM S ARAG" S BRI GRS 100
h ¢ i . o -
seot o T o B B e P e R B,
thf&d&ﬂmeﬁigi&@%j8&%od9pfugtiét_@gtibﬁ%e%@@95%&%&@&5%% Phew
the representative three- dinensional object nodel

refidesentativéd three-dim¥nsi sl ebidct @hyddlin RRe (éprobentati®d ¥hree-
5 TQ(R, G- B) and denoting the shape and texture of

dirbasiocaheogjecenddet etdtage ReL1INRROOH] e 50 RReS-dBheddiomal
1, 2, ..., M respectively by PQ(x, y, z) and TQ (R
objéct B)adeldhara afrendnaegishered-idi thiieneppsrentative threwdghehSonal
calcul ated according to, for exanple, the follow ng
objexp kel etrragPGe¢tion L0, e thigejdiedisign@bject trpdel) 10
TOQU(R, G B) = Ej f(Si) TC]%&% G B) Here, f is a
regigiretionrsechian fpregisiess & Rew fidhehisdensewintatine thresss,
.and that satisfies the relation Ej f(Si) = 1. As the
dimepsioaal okeahmode] ot Gtep @00 in FIG. 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 Ri i =1, 2, ..., M) by combining representative three-
dimensional object models C; in the representative three-dimensional object
model storage section 20 on the basis of information of each reference image
matching result S; in the reference image matching result storage section

50, and replaces the reference three-dimensional object model already
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i mpl emented by f(Si) = Sij/Ej Sij. At the time of
reference image registration, the reference i nage 15
regi stration section 75 first registers a new
reference inmage in the reference inmge storage
section 70. If M:100 reference i nages are already
registered in the reference inage storage section 70,
the reference inage registration section 75 registers
a pew hundred first reference inage Rigi_ in the

stored by the ge CHegeE hrsexymensienalp @Ct(@f)g?l soragensectign 21 by

o R S AR
Che PEpERERILiHagE TR EHCAE: POL ToRPTT HoE EdtEPEn 50
ding S‘E?@% 3%&%8@?%9?@ T %S-E-G»?W%ﬁagﬁtﬁ:)ff BoT/¥"'0) 'aha
L e
s THABL By Segccishee Wi e LB CAIGLS0GE | TBGR
To:0R) §°B) "adeltefd cbr’cgﬁr&?dilﬁ@égﬁ?ﬁﬁ 3bje¥€ model is calc ]@ted
a0 | ect node ¢ D665

t'hr ee- di mensi on storage section

acchPBinBas| forAixdMpR! FRE FAbwWind && resishgnce i mage .
mat ching result” Sioi,3 in the reference i mage mat chi ng

resupd 8 5ozREEr sESL) PH(x,530.z)and adds the reference
t hr ee- di nensi onal object nodel Bloc to the 5 reference

t hr kg (iR N@NB) el f(Sh) Tei(Rmog@d) storage section 21

(step 221). An 1 nmage natching systemaccording to a

fi f tHemtiddianfemictioh thiae menesasuslyniveridses awiS;| inasyushe,

described in detail with reference to FIGS. 23 and
an@ thatWathsfiesf threaret@tion 35| f8;)23]1. An themimphst ekhnple, fcan be
. systemaccording to 10 the fifth enbodi nent of the
implemearted byiEPwi o RitncPiudes an i mage input  section 10,

an i rra%;a enerfati on section 30, an i rra%%orrrat chi ng

sectilothubmeof yeferanceimags wgidaatippntisoreferencaagmge

conversion.section 36,. a partial ijmge . )
regls%ranon section g:itf') é’rst registers a new refere%ce image 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 fegistration
section 75 registers a new hundred first reference image Rio1 in the
reference image storage section 70 (step 210 in FIG. 22).

Subéequently, the reference image matching result update section
55 adds a matching result Sio1; associated with the reference image Rio1 to
the reference image matching result storage section 50 by conducting the
same processing as the operation in the second embodiment (steps 211 and
212).

Finally, the three-dimensional object model generation section 27 _
generates a reference three-dimensional object model B1o; associated with

the reference image Rio1 by combining representative three-dimensional

44



10

15

20

25

mat chi ng section 45, a result display section 80, a
reference i mage storage section 70, a representative
t hr ee- di nensi onal object nodel storage section 15 20,
a reference i mage matching result storage section 50,
and a reference three-dinensional object nodel
storage section 21. These conponents nearly operate as
descri bed bel ow. The inmage input section 10, the
i,mage generation section 30, the i.mage match

- objectmegtela i 1n ke reptAsenhRL ﬂh@eé@@tqwlai,obd&g medel t

i splay .section 80, the 20 referenc e storage

d i ma
sterage; $htion 20.0n the bapsnidafrmatiqro theateterense imageal

obj ect nodel. storage section. 20 conduct the sane .
mSRHEEE TP Sa0hs D el reREeRia s e, Bt bme Thoult stpragg section

sent,. i nventi FIG ., 1.

5@3@”&%@@&@@?@%&5 @ﬁé‘?eéﬂiﬁ%e?ﬂﬂﬁ%f)‘??je‘gt:ﬁio Al Baofé'ée&aﬁce

| G @ . .

o2 BBe v ol B uCr SBHde RRHE e R 23
(e RAEGOMGLAL80. 54 AR SERVERHS, HEATRAL o e

pré%tiﬂegﬁﬂgh'v?ﬂl ASWR cf‘i?)g%iqﬁ et tvﬁ?ggl_sf.elrgﬂge thfrgs. 23

ame on basi s of eac erence
ard y&nsi onal object nodel associated with the reference
I mage obtained from the reference three-di nmensional

obj eay;tADdedreBbORAFICS 2Bt hANnrke ﬁﬁb’éﬂ?g @?stemgﬁ})ﬁding to
e A

conversion section 36 generates partial images.

thé FHgle e SHOMEMB OB Bhé gﬁésje@ﬁi iBPention indlhdés AR i@l APUE
conversion section 35 in the second conventi onal

sett@emnogun ista@epdnerktitn s38tiod 130, pArinagle hARGENFREGRONAO, a
section 45 conducts conparison on the partial imges

reohlt rthetohdmy esdtéch 50pah imaggeoandrsiei ssctivee36,mpertial image -
obtained fromthe inmage conversion section 36, and

mateheng sewion #8, airesuladisplay Fhetiaid 88; aireferénge image storage
calculation is conducted in the sane way as the step

seqfaon 70Gapeprasenpeliue threeodimensionak obiestroodetsioragd section
now he described in, detail with reference to_ FIG 23

205 ageterepesiBase M alshine resylt etorage section 50, and a reference

three-dimensional object model 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 embodiment of the present invention
shown in FIG. 1.

With respect to a reference image of a high precedence candidate in
the matching result obtained from the result obtained from the result :'
matching section 60, the image conversion section 36 converts the input

image and/or the reference image so as to make the input condition (such as
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At the tinme of input image matching, steps 100, 101,
102 and 103 shown in FIG 24 are the sane as the
operation conducted in the first 15 enbodi nent shown
in FIG 2. Wth respect to a reference inage of a high
precedence candidate in the matching result obtained
fromthe result obtained fromthe result matching
section 60, the inmge conversion section 36 converts
the input inmage and/or the reference inage so as to
therpkee thaditionpthe cand én ohe basistof@achhrefqronee tloredt t i on)
the sane on the basis of each 20 reference
dithbnsiendi objest analel abpadatatoaeh desmdemned imdge dhteined from
reference image obtained fromthe reference
the befeeemtientdrse vhadershjredtobpetehodelmtarpge seetiongil. hus, the
Thus, the inmage conversion section 36 generates )
impge icpaveshey eectiqrs 86 genpngtes Pagtiph imiages.i Magytmage convegsion
section 45 conducts conparison on the 25 partia
seqtinmy 86 ippimiar o the image capuersiomgectiam 3p éndheseeond
i mge ohtained fromthe_j e conversion section 36,
comyrntzenal frahpig uerhosy i EJE*? 38( step 46 122). Finally,
the reference . image havi.ng high simlarity is .
di spi; erbar(csaﬁ dpagggapte iR eRefleh ABIFoBAbsts sRERpatiFoR AR the

R e

5 i . [ .Previ
e S S
. . . a- t ,
o o ST io 5 AP B35 SERELV AT e

i npuqeﬂeéﬁg(s%ér%tfo%a&i ﬁglt%dft?%htelﬁ?bﬁ&g{l%ﬁrvgiﬂ NBWbe described in

conditio r exanp e stan pose condition).

deB¥] 4aLID %o RPendd t PPEQTES aHANLABRSAH Nt bRoANVEFIG I e
reference 10 image each tinme the matching is

condugttdd tiReb i AfuRheBe Mgafchifs, Gasp P 200,S101, L 1@2eshd A03
I mage mat chi ng system according to a sixth enbodi nent

showntineFIGr 26 andé the¥eimtel onthe dperaciontendestsd hethd first
detail with reference to FIG 25.

embodiment shown in FIG. 2. With respect to a reference image of a high
precedence candidate in the matching result obtained from the result
obtained from the result matching section 60, the image conversion section
36 converts the input ima.ge 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 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 converted input image and reference image obtained

from the image conversion section 36, and calculates the similarity (step
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Wth reference to FIG 25, an inmage matching system

according to 15 the sixth enbodi nent of the present

i nvention includes an imge i nput section 10, an

i mge generation section 30, an image matchi ng section

40, a result matching section 60, an inmage conversion

section 36, a partial inage nmatching section 45, a

result display section 80, a reference inmage storage

section 70, a reference inage registration section 75,
122).r Emndlye tharéfercnderiem g2Oh aivimgrisigbramibbijtyds displeyed (step

storage section 20, a three-di nensional object node
10dpgi stration section 25, a reference i mage matching

resul.t storage section 50, a reference inmage matching

r esulln the diftle emdodimant of the prgaeméppeention, the image

t hr ee-di nensi onal obj ect nodel storage section 21, and
CORVeNFE QL SeAtAhS6 epmYerts bre B WoldepegaRaloithne Feteapnepimage.

27. 25 These cqnponents nearly operate as descrj be
AIB@]D@\HV%hé rFﬁgf‘éenF‘h BURSe &3y BA PIeViousl ¢onygsted to &lat

ROEIEIR e N T
E A A e L
B S e
rok T BT 0 B0 e ST 5B rtorenc
BRSSO She B ES MERRLEL o k08 L g e

shéRdnkhe second enbodi ment shown in FIG 9. The
reference three-di nensi onal object nodel storage

sect iqgNiddg@thtchiify §¥t68- AHBRMSIZ0RA siXh @&ibdmARNt of the
generation section 27 conduct the sane 10 processing

praserith@avphtieassillngow dedlisteitied intdeeail With referoted®nFIG. 25.

shown in FIG 16 and the fourth enbodi nent of the

pr es aWithi referhcono FAOWA5] an Ein@ge BAtching Bysteapactordingto

reference i mage of a high precedence candidate in
the sixth embodiment of the present invention includes 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 storage
section 70, a reference image registration section 75, a representative three-
dimensional object model storage section 20, a three-dimensional object
model registration section 25, a reference image matching result storage
section 50, a reference image matching result update section 55, a reference
three-dimensional object model storage section 21, and a three-dimensional
object model generation section 27.

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
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the matching result obtained fromthe result obtained
fromthe result 15 matching section 60, the inmge
conversion section 36 converts the input inmge and/or
the reference inmage so as to nake the input condition
(such as the pose condition) the sane on the basis of
each reference three- dinensional object node

associated with the reference image obtained from the

ef erence three-di nmensi 8al obj ect mmdel storage

releZeREoHNge SHERAge S?ﬁ*é"@% EefEEﬁﬂFér@%ﬁ? regegtrafiongection

R P SO el e
thEhigt @Hﬁé’ﬁ%ﬁ%lﬁ@bwﬁﬁggdegﬁ‘ eahon SEhoRop. 560 A
refifiied Bl Rl %ﬁasﬁlrk%%ip%aﬁ%qseegﬁomﬁecq% 48 ey
pr EE“%%E A Bl Sopteff ﬁigém%évniﬁ?"% SRgee"
préstQrt 1;19311t138%h9% ﬁpﬁIGsi]%\Mlanﬂht%he %rsﬁlb%éﬁ%ltrrg aﬁﬁvérn in

e operation conducte
Fqghgwn in FIG 2. Wth respect to a reference inage of
a high precedence candidate in the matching result

obt aifhedrefd@Rtd BBrdetdithtnsi6RLPSBIEEL H6AR éda?agé%ééét{on 21 and
mat chi ng section 60, the inmage conversion section

the Ollill\e%Fdﬁnél’ﬁ&omilﬂbﬁj%ﬂ@@ﬁe?@éﬂﬁétﬂ)h%e&ﬁf)ﬁrm&fi‘@gﬁe §9me
as to make the 5 input condition (such as the pose
praessiinig 2ndhd perce ssiv gaondetddaisi theothifdembodeheheBEéwn in
t hr ee- di nensi onal object nodel associated with the
FlGefl 6raariche foumtle eatlicalimedt of ohe phesenefirveitien shown in FIG.
t hr ee- di nensi onal object nodel storage section 21.
20Thus, the inmage conversion section 36 generates
“partjal images (step 121). 10 The partial image
mat chﬁb regradt 6p assferange emg@mﬁ@ahlugbmregﬂdem candidate in
part| I mag of .the converted in [ e and
BYade WQSHE@@W%CT froa the segul h@gtamgé fmm\tbﬁ gpot
calculates the sim.larity (step

ma%? 'ao%cﬁpﬁe@d] ghsrl&?cg@ GORYGESIAR FRRdOH 3§W°§Vﬁ¥qséhptlypzl§

1mage B a)Io%%h%Srte?&ence 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 storage 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 image and reference image obtained from the image
conversion section 36, and calculates the similarity.

General operation of the sixth embodiment will now be described in
detail with reference to FIG. 25 and the flow chart shown in FIG. 24.

At the time of input image matching, steps 100, 101, 102 and 103

shown in FIG. 24 are the same as the operation conducted in the first
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104). 15 In the sixth enbodi nent of the present

i nvention, the inmage conversion section 36 converts

the input imge and/or the reference i mge.

Al ternatively, the reference i nage may be previously

converted to that wunder a standard input condition

(for exanple, a standard pose condition) and stored,

and the image conversion section 36 may convert the

i nput 20 image to that under the standard input
end)@ddmtenb showorinekEmp?.eWithheespeahtian defepeses toagh bf eriligh

When finding the simlarity S(I, k). between_ the
prewéence ﬁ@g@%la@@ in yhe naat@heregcrﬁsoﬂt phi@ined o she reswlges

in the first to sixth_ enbodi nents of the

obwé% ﬁtom ivhexesel m@W@lm&ﬁg@%ﬁ@hthﬂgﬂ@,@m QI ersloN $agsion

25 one simlarity S(I on the whol e.
36&9%%&@9@9“ pRage ﬁ&@@ r%necw fergnce dmaigs FoLs toagrakethe
it R RIS FhE Pass 191 B EhS ﬁaiq%gés?&e"&aﬁg%feach

del,. 49 Th I
refBHich TGS mshsiong Ppiect %@oéﬁ%s‘égﬁeﬁecﬁg FHIP ey
lmsg%bgkamgﬁ*f%%sfrsfegﬁégé%ﬁeg SePhH Fichomdh b
secstﬁﬁlt Q?n%‘ﬁlgs "ﬁleviﬁu[gg col?l%ebﬁgﬂlsécu%é%z%&%r%? Ct | ori]:laq images

SIm

.(y@ﬁ n the 5 matching result S ojmand the natchlng

S ijmof each of the reference images in the

ref e"l‘ﬁ@‘i)%rtﬁ?% LR & 88M4idn as%aagct%%ﬂ isth o 1 the

and extracts reggrence I mages I n t he descen I ng or

pafiallitea dsif thkicovivBrtedfinh 0€ imBEBE GHIEL fERHEE timage obtamed
Furthernore, in the three-dinensional object nodel

frogetied ahhpe c6REdrs@h doctioh 8Hleadduslchlpae thé ¥idilarity (step
enbodi ments as well, 10 representative

122h férally neresiedemnce bpmgta heodeg highgihdaciyiis degplayet (step

partial region. In the first to sixth enmbodinents of
10¢he present invention, operation of retrieving an

i mage of the same object as the input image from anpng

a In the sixth embodiment of the present invention, the image
conversion section 36 converts the input image and/or 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, Gj) between the input image I(u, v)
and each of the comparison images Gik(u, v) in the first to sixth
embodiments of the present invention, the image matching section 40 finds
one similarity S(I, Gjx) on the whole. Alternatively, the image matching

section 40 may find similarity S(I, G’jxm) every partial region m, and find a

maximum similarity S’ojm = maxk S(I, G’jkm) every model.
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| arge nunber of reference imges has been descri bed.
However, it is also 15 possible to apply the present

i nvention to one-to-one mat ching for determ ning

whet her a specific reference inage is an i mage of the
same object as the input image. It is supposed that a

specific reference inage is R. In the first -and
second enbodi ments, the result matching section 60
cal cul at es aS|mIar|ty 20 Di D(Soj, Si) between

the rledHrtigl regions agej f%fewlpnmﬁlommgé ewwe inHEG. 29. In
h | Sij of t f Ri. If th
h@?&a‘éﬁgﬁ%& BY Sms Bt S (Eimaot SRR TRzicaum I8 tored
in b g%gréﬁcebﬁége? RALE g g %Régﬁe%‘#g i 5 e Srelk (6 result
iRt Gk Pa%ﬁ@%&?ia%ﬁ L2 3 D8 oe Shdhateen the
SR TR AR TS B8, LA RS e
1m§§§${ne Ehé peafgr %cer} %Eh{n%tc}?%('g:#shﬂ sto en?i‘g)nhé:»d1 %gd

em-accor € pres | nven
ex%%fsefef en%@‘fﬁﬁgﬁé I?ﬂtthE géar?@ﬁg rd&? H{Zal %l%ﬂ;ﬂéé‘gtﬁr of the

mi%@hh{?fe%’i&‘?ﬂ“ﬁ&tﬂ&nﬁ@?ed '1H§tﬁagrf%1ﬁéé@ﬂﬁeﬂ§ibﬁ§1 eft eggé{nh

500 Imto a conputer to ma e conputer ex

geﬁémidrpﬁtﬁh W@%M&thﬂ?ﬁ UL ﬁxﬂ%*d%bﬁ% £’§ feram
00 is stored in a recording nedi um such .

remg@ﬁtatﬁvedﬂﬁléeq&n@n%ﬁfﬁaﬂ%ﬁ’é&txﬁédé@ R4y be Iaﬂblmw@r
reads the inmage matching program 500 fromthe

pafﬁgpﬁgﬁﬁg nmedi um | NDUSTRI AL APPLI CABI LI TY 10 The
present invention can be used for person
I denin the &irstotw, sixth dimbadlisle nas bhed praeno invedtidm) @peranon
l'ike using an image of a face or the like. 51 CLAI M5
of getrigvingragemageaifithg ssys¢ ebjecbrs the input impge frefeamong a
I mage i )
large number of reference images has been described. However, it is also
possible to apply the present invention to one-to-one matching for
détermining- whether a specific reference image is an image of the same
object as the input image.

It is supposed that a specific reference image is Ri. In the first and
second embodiments, the result matching section 60 calculates a similarity
D; = D(Soj, S1j) between the matching result So; of the input image and the
matching result Sy of the reference image Ri. If the similarity D is greater
than a threshold, R:1 can be judged to be the same object as the input image.
In the third, fourth, fifth and sixth embodiments, the judgment can be made
by determining whether the similarity between the input image and a

specific reference image in the second image matching section 41 and the

partial image matching section 45 is greater than a threshold.
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simlar to an input inage, the inage matchi ng system
conprising: neans for nmaking a match between the input
imge and a plurality 5 of representative
t hr ee- di nensi onal object nodels; neans for making a
mat ch between the reference image and the
representative three-di nensional object nodels; and
nmeans for retrieving the reference imge simlar to
the input inmage by using a result of the match
bet weebhe imagematchingysystam aeeordmg pfhespresant imvention, it
. three-di nensi onal object nodels and a result of the
is aymadber ofctonsen thakliunctnsfcomnapenisganbe implemented by
representatjive three-dinmensiopal bj ect nodel s, 2.
usingehgrditpre ndbe AHAGRYS camadesd be dmpipmentadbyraading an
. further_  conprising; 15 nmeans for finding.,a reference-
imagh matghingRIogHaM g@? &rto %a@put%%ga&eg*@evﬁompqi}% execute

the BicHERPP! FBEORGRTY e R BE FeHED TG BErSHED Qs Bpred in a

recpiia .”Iﬁfm{%ﬁﬁﬁb%%fi%a”%%@isﬁ%ﬁ ?%ﬁleqon&wtor: megery. The
20 3. Tha.i i i i 1,

corfpphrap ads SHE Helh st n b A H AR rnfl e

]nehn%ge-dinensional obj ect nodel associated with the
ref'efence inage simlar to the input inage; conversion

neans for squarj Eﬂﬂ§¥P?ﬁE£AP?T§b%EHTJTﬁ'the i nput

i mge 25 with that of e reference | mage by _
convepg E?&éﬂ%ﬁn&z@ﬂﬂbn'c&ﬁ% 256 r gi8on & R8RS, TRAE

on the basis of the reference three-dinensional object
indiPHdRlal adflePEcAteem Sorf tHe iR Lk A6 itAge 08 lacfa@H 68 thoBER.

associated with the input inmage by making a match

bet ween the input inage and reference imge
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squared in input condition. 4. The inmage matching
system according to claim3, wherein the 5 conversion
nmeans previously converts the reference i mage, and
squares an input condition of the input inmage wth
that of the reference image. 5. The inmage matching
system according to claim1l, conprising: inage input
means for inputting the input inage;, a representative
t hr ee- di nensi onal object nodel storage section for 10

storing a plurality of rephASk ative
t hr ee-di nensi onal object nodels; inage generation
nmeand. for imege matchip gy steasior setrieingar referenceamage
close in input condition to the input inmage every

simépr ¢e amt iapuy dmager the Unaghsasrhingosijséen ¢poeletisiong’ t he
basis of the representatjve three- dinensional qgbject _.
nodenzeansofosdn akinghe maighdesweanithe inpueinagaandisopmrality
15 obj ect nodel storage section; igage matchi ng neans

of represantativs thrgexdimansionaligpiedtiedstsSt he i nput i mage

and each of the conparis i mage enegrated. by the
| g SRR AR BINE S ALCD ASEREER RC A rasPfRimage and the

ri.ty Wwith, respect .t i,mages

g ' :
reé@@&‘?%ttl‘é threend iz 1?%%(83‘%%(”’5??&' 9$ﬂf1ee- di mensi onal
20 o0 BR8P A e
tat. h o ' . ' X
by ERRE s U PSR B e dffneeTBi e °
reéﬁe{s%h?%@e k e&in?énsi(%)éle&)géét &%gé‘isr L8 DFBE match
Ching result storage section for storing

befivlbh 3ht bR RE! HERR. b8 th@fr%[g)%é%%téﬁw Brct! @fdhdidhal
the reference image” 53 storage section an
obj&RRS@NLat i ve three-di mensional object nodels stored

In the representative three-di mensi onal object nodel
St or @y Thecieh 4 @ in adeltingesytdmnreohling toeligm 1 ofurther

ext(qcting the reference image simlar to

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 imagé matching system according to claim 1, further
comprising: |

means for finding a reference three-dimensional object model
associated with the reference image similar to the input image;

conversion means for squaring an input condition of the Input image
with that of the reference image by converting the input image and/br the

reference image on the basis of the reference three-dimensional object

model; and
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the input inmage on the basis of simlarities between

the input inmage and the 5 representative

t hr ee- di nensi onal object nodels cal cul ated by the

i mge matching nmeans and simlarities between the

reference i nages and the representative

t hr ee-di nensi onal object nodels stored in the

reference imge matching result storage section. 6.

The i mage nmat ching system according to claimb5,

f ur t megansifor cotmpevisigridre reference imege iassadiatey] with thedielput
. registration nmeans for registering representative
1mpge by- Wik i anatcholy tee inidaing ut amialge amshreferatcatimage

t hree- dinmensi gnal object nodel storage section;
squaras Bhwutiregditiewi st rati on neans for registering

reference images 15 in the reference i mage storage

sect fonhedmigednatenag SYRRTe acaehnes §o Fledm 8, wpherala the

nmeans for conductinghpcalcul tion of the simlarities

CORESTSPT FiSANFRGE VIS PRV GTEH R3S THRTERCeABAT N AT oI Usres an

e TR A SRR R
e SRS g AT RS
o0 <GhalRiShee b3, S5 AR I D s onet o

ref eﬁ%ﬁ?eée?i@gﬁv%$h¥tﬁegHlf&l?ﬁﬁgn.bpobj%@tgmroaéglgtg)?%g? :sgﬁ%‘ah for

st orage” sec |o_n ererence 1'nage r _
R0 IR g Bt Mol R EULREARE: el
St or 3888 eehbPltiod meHifs folBERePRILH B ]
accordi %g%?o cl gi) mmSe, Whe?gigne 54 %heg%a%yagg%?gﬁ:pha}rﬁsgon
imBpaRfosedhGupat esnditfinid gid idptﬁﬁiﬂ/ﬁ@rbvbbg repRisbntd tiRIe -
obj :

and a representative three-di nensi onal ect nodel
thmeediym @esidnal objeetginodel dbhehe dheisaofthe irepgssembitihé three-
result storage section stores
dimensional object models stored in the representative three-dimensional
object model storage section;
image matching means for calculating 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 associated with each representative three-dimensional
object model, and regarding the maximum similarity as a similarity
between the input image and the representative three-dimensional object
model;
a reference image storage section for storing the reference images of
objects;

a reference image matching result storage section for storing

similarities between the reference images stored in the reference image
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5 simlarities between the reference inmages stored in
the reference i mage - storage section and
representative three-dinmensi onal object nodels stored
in the representative three-di nensional object nodel
storage section, every partial region, and the result
mat chi ng neans extracts the reference inmage simlar to
10 the input image on the basis of simlarities
bet ween the input i mage and the representative

stdrlage eedlior nnidarpreshijtative thued -dimahsiohat elfebtymodels stored
i mge matching neans every partial region and

- in ¢herréprrdseh tative thweerdintensietaraned mp sragedsechion; and

representative three-di mensi onal object nodels, stored

in  resulf siatching mesagdonaxiaichigertbeeferenes tgage similar to

section every partial region, 15 8. The i nage matching
th%y@mwna%%paitgg basiscolgimibiriipe between the inpaigiimage and the

mat chi ng means c¢al culates sinmlaritie et ween .
reRNGRPREFT T BaToB el RAIFIe qbd%mpﬁéééamatemby the image

representative, three- Jdi Llr)egsi on obj ect nodel s an
matchEeans AIKESIBLATIHRS DPEY BF R AR ¢ fRes magesand the

represent aj.i ve t.hr ee-di si gnal ,obj ect .nodel s, .and in
repieseB ALY LhCaid e R e oS SR te R Tl encR

candi dat e precedence of

_ lm\émig%%%\ﬁh?ﬁ%ge%gf fﬁgogrﬁté? %égﬁiﬁ%ut i mage and the

conpar i ' t repr ] L V& -
t hr egl | grgﬁr{saf %%?t%gﬁgg g‘ﬁongglcg&%sﬁgﬁéﬁl%%efuﬁ% %hi ng
according to claim2, conprising: inmage input

co%gfnsgﬁ%or inputting the input image; 25 a

r epr eRANRE &l %6 bRAESiBERIRaE PR sRRLBE tm BREEfo r e R ROfing

section for storing-a plurality of representative
repsE8tAiVENS R NBIm Y G641 JF3E@] $0dER ihTRE G PRNCHELIIPS three-

nmeans for generating at |east one conparison image -
digknas®nabobjeptimatp didrage seotibhe i nput i nmage every

representative three-dinmensional object nodel on the
 basi sefefendecimage esgstrationemehne dor hignstnsingraferebcedmages
_ nodels stored in the representative three-dimensional
in She bgferencenehges swrage seetten;and

reference image matching result update means for conducting

calculation of the similarities using the image météhing 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 régisteréd in the representative three-
dimensional object model storage section by the three-dimensional object
model registration means, 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 refer_ence
image matching result storage section. |

7. The image matching system according to claim 5, wherein
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I mage matching nmeans for calculating a simlarity
between the input image and each of -the conparison
i mges generated by the imge generation neans,
selecting a maximumsimlarity with respect to
conpari son i mages associ ated with each representative
three -dinensional 1.0 object nodel, and regarding
the maximumsimlarity as a simlarity between the
i nput image and the representative three-dinensional
obj ethe impgematehing sreanecdlovlgéese simierisy between dhe input
~storing the reference i mages of objects; 15 a )
image amshe cepresgetatave thieg diszensionaloraes medelieyiery partial
storing simlarities between the reference images
regodsed in the reference i nage storage section and
representative three-di nensi onal, object nodels stored
in tRkBe r%fgr%%@n&na@ge« en%tgﬁgeg FRsheheiosRss sebjoBcttoRel
. st.orage section

rBtEyE i _
R S T AT BT HndChagl
RESSE AN e Rl v
A | | at ed t i t chi d )

in §fie SPp By s T Ren JBR U RS 855k p sqction, every

pa&ﬁgi ﬁ%g%ﬁaéllde t hree- di nensi onal obj ect nodel s stored
i A reference imge matching result storage

sect ltﬂ@ rednlt ?ne{t%;lgtrﬁf er%ﬁshe{)g?e;mgc% glr?lg %%%Q@ﬁceoﬂn?gé sTRAL} to

storage section storin

th% é{;g&f fh 9O 5Hh 08 QN Sedinlindsliss BEARG PHRA MW Inie and the

rence |1 nages stored In the reference | mage st orage

reprRibhtive bhi28 ML AIBAS AFP&T AbUER EBAllatddby the image
obtai ning reference three- di nensional object nodels

m @5t & RthsWviehy DRl Eihe BERiohBULSineikiifies BtwéaMhd Rference
result matching neans, fromthe reference

imizlgee andi thenepossdntative threerddeEnsibanbglsjesteniodels, stordd in
generating at |east one second conparison inmge 5
the reference impge mednbing esulbstorege agation enegy peartiay region.
reference three- o ' . _ -
8. The image 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
comparison images and the representative three-dimensional object models.
9. The image matching system according to claim 2, comprising:
image input means for inputting the input image;

a representative three-dimensional object model storage section for

storing a plurality of representative three-dimensional object models;
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di mensi onal object nodel on the basis of the obtained
reference three- dinensional object nodels; and
.second i mage matchi ng neans for cal cul ating
simlarities between the input imge and second
conpari son i mages generated by the second 10 inmage
generation neans, selecting a maximumsimlarity from
anong second conpari son i nages associated with each of
the reference three- dinensional object nodels, and
r egarmhge geheratin meansifor Banéragingableast one gomparison
between .the input_imge and the reference .
image elsdiinenpibecndition, toctherippalt impge pyeryhepresggtative
mat chi ng system accordi ng to_ clai g, further
thr@@n@m@a@@aahq&n@@-mpm Ewlh%ba%lﬁjogé e gpprgsentative three-
.registration neans for registering representative .
dirpppeienal plgst m@glefso%ﬁoé%‘{ 1%5]3% F%P’i%e{l??él‘feeérré? mansinal
L hree- iinensionaL obj ect nodel storage section; .20
objegt rasdiee 8tQrARR ESF Y st r ati on means for registering

S TS e o SR R B apame
o SRR A BB P b
f i . \t.at i - ae- di i |

coS LR H TR0 § HERLESEL ) Ml eoe one

cox?lgﬂ?f‘g&flgglga%gg %:s%(gd.tiﬁf‘ed Wie& fgi);}éééﬂ}akiv@qjhggé'dm@ﬁlsiopal

e represent ve tnree- I Mensi ona

. . - ona
bt ﬁf&de‘[‘}g%?dn%e?eﬁ%?xg%tﬁe?ﬁdﬁﬁnﬁﬂ siRelabityer dieNgtepa

obj ect I strati on neans, of when a new

betWE&! Bt TBEE deSati € Thé teF Rlehthtivd Enreel BRRHESon AT Fect
storage sectl on Yy t he ref'erence I mage reglstratlon

md@®ans, and adding a result of the calculation to
results in the reference inmage matching result
st or agefsreatd tnagantbrage keedodiforstoirnrpgatheolyferdncetdedges of
generati on neans responsive to

objects;

a reference image matching result storage section for 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;

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

reference images stored in the reference image storage section;
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registration of a simlarity between the reference
i mge and the representative three-di nensional object
nodel in the reference inmage matching result storage
section conducted by the reference i nage matching
result update neans, for generating the reference
t hr ee-di nensi onal object 10 nodel associated with the
reference i nage by conbining the representative
t hr ee- di nensi onal object nodels stored in the
r epr eccomdamage géneratiogi meass fradbtabpiegtrefexgake thrreage
_section on the basis of the simlarity, and
dimensional phigct medgtnessecaied atish epfeaents Enagemextsheted from
object nodel in the _reference three-dinensional )
thep et magbingmeaageiroat theorelenence thregidimgagienal object
qﬁﬁﬁcm ng system accordi n%_ to ci aim 10, wherein the .
m SRIGBRBRSIOMAN G BpRTALHFIRY [o§6haPatren garison image

enerates a ,.reference three-di nensi onal object nodel
clof 43 (P BV beoTiANIRAReBPLF UREE® SV REYES IBeReeBER

apERLRRET blect Bl F5 2he FReE o e Sibind Hupecee Hoted
. St Or. t] 20 tial i on, t he basi
dl%?géﬁ%ﬂ'fg} §ﬁéﬁ g’g)dggs?r&%ﬁied gsgr;apa:fglalonr eginon ebe?\?vle:n
f LR ' J .St
oot PERES I RRGTASE b nd B LIbERRCIERT S B GR%n
thd BARlSinA A £4 b0ediltPcdEREASERTARLYE eh b8 By I AHR
obj'ect nodel storage section, an rggl sters the

im880geAtRiod ﬁfe%&%,nQ@Ieét!iﬁg%jﬂiaﬁﬁﬁﬁh%ﬁ&ﬂé?ﬂjtf%ggﬁﬂfdné n

the reference three-di nensional 25 object” no

secdhdl RS £E6¢1 RagdLasstotate AReIEh BRELE f BHe $¥&k&Mte three-
according to clarm9, wherein 58 the inmage matching

dirffeasisnahbjetaiRdeds, Sindl fogard b oittcev@arihaen kplArity AB@E
and a representative three-di nensi onal object nodel
sineNariyy patweal the agivinmaddecand tke eofeeenceadercaslimensipnal
result storage section stores 5 simlarities between
objebemuosliebr ence i mages stored in the reference i mage
storage section and_representative three-di nmensional
obj e&9. 'Fbelemags maiehing system according to claim 9, further
comprising:
three-dimensional object model registration means for registering
representative three-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 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 by the three-dimensional object
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in the representative three-di nensional object nodel
storage section, every partial region, and the result
mat chi ng neans extracts the reference inmage simlar to
10 the input inmage on the basis of simlarities
between the input image and the representative
t hr ee-di nensi onal object nodels cal cul ated by the
i mage matching neans every partial region and
simlarities between the reference inmages and the .
maodep registtadidn/menns ecer wihenns newatefertsnee imagd ek segisteneddn
in the reference image matching result storage _
the zeferencecveage staragabection by the sefezencehianagmpegistration
mat chi ng system according to claim9, wherein the
mezs, POdfding agesulinef thel ealewationdorepalts in dhe gefaxenee
. Ssimlarities between the jnput |nmage and the
imegp mealehing resault plavage $eaieRy Al obj ect nodel s and
simlarities between .the reference inages and the.
repr &@%MWWMJ?%%‘Hg?ﬁﬁ%i@eréﬁljoéc‘fg-‘e%ﬂ EPPODSHEP fh
the 20 cal cul ati an, ovides the resultant .
registration ¢f segl%ﬁ%ﬂtm%‘ﬁ?%n She FHETHE TR 2R B dat o
recedence,.of sj.nmlariti.es.between .t i.nput 1 mage and
re iR et L IRIGA ST r S B be i rys gl e
t.hyee- di sl onal L e o ld ' .
mgslh 0 SRR BB EF bRk s ek Bnge matching
' [ a ' b i Y i’ .
req IR 9B HlcalB" I i Bl o8 drBfod R AARORI0RR) Boiect

maifed bls égzli&fbrd' with Hen%]fé‘req{cgrigle%ég?’b}g%orﬁﬁﬂﬁﬁé%ﬁé 3bb¥&entative

ree- mensi onal obj ect no I mage generati on

thiRAdEnd ioBLNGY8Lt AGdals 4t8R&d 110 Bife FQITRBEARRIVe {HIREE
close 1 n Input ‘condition to the input inmage every

dim@RERBANbBidcY trodell sBsradieRRBE bA MRl thRllj R84 of BElin®ilatifie and
basis of the representative three- dinensional object

refiRtati og sho gefetated heferepte slervead invendidn alerbjéstansdelnial the

5 obj ect nodel storage section; image matching neans
refenen @athreb atineg séorsd b erti myddlettorsege delotioni nput | nage

and each of the conparison inmages generated by the

i magd1. 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 every partial region
between 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-dimensional

object model storage section.

12. The image matching system according to claim 9, wherein
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generation neans, selecting a maximnumsimlarity with
respect to conparison inmages associated with each
representative three-di nensional 10 object nodel, and
regarding the maximumsimlarity as a simlarity
bet ween the input inmage and the representative
t hr ee-di nensi onal object nodel; a reference inmage
storage section for storing the reference inmages of
objects; 15 a reference |na%e mat chi ng result storag
sect theimage shatdhagg nséand calculases simdanity Ibetween the input
reference images stored in the reference inmag

imeige eagea sepreasentative thysecdionenaional Qhw@emdd@ﬂeemrb ipairtial
obj ect nodels stored in the representative

regleonee- di mensi onal obj ect nodel storage section; result
mat chi ng neans for extractlng the reference imge
si mi the reference ipage malc 1%5%%%8%@%5%@5%“%68
simi]larities be mee t he i nput

[eas ;ang
sipggrigeshetwegs r&Pﬁ%h’%‘@Sﬁ%F“&%ﬁéEt‘: ﬁggérgnce image
IR T A g o
RS L TRERIEE TS RN R

ion reference three-di nensi onal object nodel

paiflgi eg%bge%?&on for storing reference
hr e gndi TR0 ol SR hEEISBATh s ART FELALAG HhhPe %ﬂﬁﬂar to

reference |nages S e re erence Iﬁng S

the ?ﬁ%ﬁ?ﬂna@% Rh%gg)a“s‘i?ﬂheéﬁh?& ﬂgé‘ﬁ%tv@&! dﬂFé ﬁgﬂitrlgla%e aand the

rence ree-dl nensi ona j ect no SSOCI a

refﬂrets@nfﬁflﬁg ERER - A1RGES o B XL S156E R oHERBA AR at &P the image

ching nmeans, fromthe reference three-di nensi onal
m@&lh@l@é AR evielrd AEeial $66bnQthd SR itigs HBtwEthe reference
condition of the input image with that of the 5
1imlagke nadcrhel repgeseatataetthdeddimbasioaalibbjertibmidieisy smdan
by converting the input inmage and/or the reference
the mafpeerod imagetdhitheressdtibtorage sbdtnan everyrimd regmn.
basis of the obtained reference three-di nensi onal
obj edB. The image matching 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 3, comprising:
image input means for inputting the input image;
a representative three-dimensional object model storage section for

storing a plurality of representative three-dimensional object models;
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nodel s, and generating partial inmages respectively of
the input inmage and the reference image squared in
i nput condition with each other; and 10 partial inage
mat chi ng neans for calculating a simlarity between
the partial imge of the input inmage and the parti al
i mge of the reference inmage generated by the inage
conversi on neans. 15. The imge matching system
according to claim 14, further conprising. 15
t hr eemdporpenéranin mephectforrgdatratays at leatst one rempsarison
registering representative three-di nensional object
imeapéeloseiin ihpret coaplitisantoatheviapuh ime-ge ¢ivieey sérneabnasjwect
nodel storage section; reference inmage registration
threeadisndrsionagibj¢amodelr @i thehesisiofdbegepresentative three-
reference i mage storage section; and 20 reference
dimengienaholgkinmodekstoreg tathe representativotngetdimpnsional
calculation of the simlarities using the inage
objest viided starage sed0r conbi nation of a reference image
and a representative three-di pensi onal .. obj %ct node
new ymgee &ratebipgipepngiler Fatculating gsymilaryy; between the

. representativ ree-di mensi anal obj ect el Js.
inp bR e son PACR AEUh ST BBBRIIR AR BeBositg, e s Bhage

storage section b hreﬁidi men i;onal

bj ect del . the.
gegg,%aggqn g%%ﬁg‘é’l seleclt g?‘dP%Wﬁﬁh%’éﬂ%ﬁWé 8PEFet%nce

ol 85 B SSRGS B8
oL Rl P DR A O gl
oo PGSR0 00 SRR ST AL i

g. reference image and the 5 representative .
ree-di mensi onal object nodel in the reference imge
mat chi fagre88dirhagt QtAGEesRetioffof Sftaicd etk Ryfefdifte images of
ref.erence i mage matching result update neans, for
obgRbgr ati ng the reference three-di nensional object

mé
t

a reference image matching result storage section for 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;

result matching means for extracting the reference image similar to
the input imagé 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

reference images stored in the reference image storage section;
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nodel associated with the reference i mage by conbi ni ng
the representative three-dinensional object nodels
stored in the representative three 10 di nensi ona

obj ect nodel storage section on the basis of the
simlarity, and 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. 16.

The i mage mat ching system accarding to claim 15, .
wher BRASe epRVeIRIEbmAaRs1aT BREINHN rierensadhree dansnpional

obige} BdaRoCited T bR DAL SRART SFEPEIALrP RS Tapult

o oL L aran e s e oo S e
TR 5 188 A B ol b0 Sl PP
refp SR e Acteon, B EeadTF BRRR G Py My artivg the
ingul 5534t FEORE IR8 rp RILAE! HIBEE RunLRIPhy LR KR matching

ti . ISt . t ) ' .
L o A L e 5 R e

m&p%gg%ﬁ g&{nbgjtagih@@ paitRi186ta dBRAeky &ltRfRIBf ﬁ%{dﬂﬂt- imdge and

i mag I'ng systemaccording to clal m14,

th¥REe8éMbed?n 4 s | RS MBIGRIL REnARMISweH E4IAbRrRand
simlarity between the input imge and a

repr gafihkirh ¥ hdHteR(E MRasksIoAtaleh]ftie avdallagitehtween

partial region, 62 the reference i nage nmatching
thé Eéﬂﬂi&l sh asagftiseiipuinnsdgy £5d thée pht@al inhage bethweriference

the reference inmages stored in the reference i mage
imakogegerstedtbyotheaimage preseanicat meens hr ee- di nensi onal

obj ect nodels stored in the representative

t hr ed5dThenmiagaanatdliing systsadelaceqrding &o eladmi bh fuethery

5 partial region, and the result matching neans
comprisaes's the reference image sinmlar to the input

i mage on the basis aof siml a{iti,es bet ween the input .
i mag threegdipppnsional object model registration means for registering

representative three-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 up.date 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 representative three-
dimensional 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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representative three-di nensional object nodels
cal cul ated by the inage natching neans every partia
region and simlarities between the reference 10

i mages and the representative three-di nensional object
nodel s, stored in the reference image matching result
storage section every partial region. 18. The image
mat chi ng system according to claim 14, wherein the

result matchi ng neans cal culates simlarities between
andiadding iat fesyltbasi theeralera tiongatrepwiig an she refegence image
representative three_ 15 di mensi onal object nodels and

majrhingresuliestosagasestiathéndef er ence i mages and the
representative  three- dlnenalonal obj.ect nodels, and in
the thrgecdimansipnalebiostdee @h&eneééuppdfﬁ?agﬁs KeFRmIIvVecko
with wei gthts on t.he, basis of ndi dat rec dﬁnce of
re%lﬁtﬁa{tm din SpdRTEE e Ree Hagre PRRRSS 1
dt t.at
e BRA R M ] GRS rﬁﬁ%repﬁ%gaage
hi t di
5 PRSP 09000 B SR S i
reqff gRBbid, B Br Bk RASE PR reBh b B, B QiR et
t t .
mdft G i e %‘?Eéﬁ%% by SRRE G e Rebikhiative
thlaeeS 1 r?écloﬁ@i‘% Qctam%ﬁéfsrbtﬁf‘éd"ﬁ?fhé rb 84 a% CSHreR0e

repre entative three-di nensiona j ect

duﬁeﬂﬁlom asb@céo‘ﬁmﬂe%aﬁagé sbEfi6n @wtﬁg Hald®s 5@&% S0 8rity, and
image simlar to the input image by using a result “of

regibérived €he BehvResd trbferb Addhrc@BHithedRtbridl®bject model in the
representative three-di nensional object nodels and a

refeesided t1gke idigr efidiinl dbgdctaasddlitorleascetion. i mage and
the representative three-di mensional 5 object nodels.

21. IBeThaﬁgﬂgmahatdhigg spstend aacording toycladmcl &iwhé@in
further r:iprlsn ng:
the three mensional 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 every partial region
between 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-dimensional
object model storage section.
17. The image matching system according to claim 14, wherein
the image matching means calculates a similarity between the input

image and a representative three-dimensional object model every partial

region,
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a step of finding a reference three-dinensional object
nodel associated with the reference image simlar to
the input imge; and 10 a step of newy retrieving the
reference image simlar to the input image by using
the reference three-di nensi onal object.nodel and the
i nput 1image. 22. The inmage mat chi ng net hod accordi ng
to claim?20, further conprising the steps of: 15 a
step of finding a reference three-di mensi onal object
nodethe asfeoeietieuage tiatchimg resuitesioragensagbion soresr to
the input image, a conversion step of squarjing an,
similpritiesdrediveenthefrefarence puageseigsed v the refarcnge Mpage
reference image by converting the input image a dg?r
starlage seeffien endarepnegpntative rtbrewaé}@ewovﬁleoméﬂemﬁe stored
~ three-dinensional object 20 el; and . a step of .
in the repxgsaytatie tless ﬁl%%@ edgrpdrletiorade saction, every
i nput image_by making a match between the input inage
paxhial regiencree i mage squared in input condition. 23.
The i page tchiﬁg nmet hod accordi g g% claim 22, . Tar ¢
wher €M TaTLL BAtChENE BIRAEGFAGE GRC T¢RE Gl & gimilar to
i mage i s previously.converted,. apd an_ input caondition
the fE Wt A b1 A GRS Lo g Tt PR qpdh Lt Tl ee! A ehe
reference _jnmage. 64.24., The i L
reBEsBPEEe (5 e oo T B aels TR B B mace
st of inputtin e 1 [ L5718 '
m 3P e het Bt LPh P AmilBLEBeRoS Bl Ritefonce
im%%gg lahd %e%e@?@%ﬁﬁﬁ@fv@tﬂl\f@e -HithERsiBhIPASENRlo del, 8€dred in
el "storag section; an 1 nmage generation step of

S AL B LTS R AL O TG i ogion
repr agentatindse matching 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, 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.

19. The image matching system according to claim 1, wherein the
object is a human face.

20. An image matching method for retrieving a reference image
similar to an input image, the image matching method comprising®

a step of making a match between the input image and a plurality of
representative three-dimensional object models;

a step of making a match between the reference image and the

representative three-dimensional object models; and
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t hr ee- di nensi onal object nodel on the basis of the
representative three- dinensional object nodels stored
in the representative three-di mensional 10 object
nodel storage section; an image matching step of
calculating a simlarity between the input inmage and
each of the conparison inmages generated by the inmage
generation nmeans, selecting a maxinumsimlarity with
respect to conparison i mages associated with each
r epr astant of ieteieving shelirefeneneeniahags siobilar to thedwiputambage
regarding the maximumsimlarity as a simlarity

by hsinganesils of thematehgectaiegnt the 1nppt émage and/ide
t hr ee- di nensi onal obj ect nDdeI'(ﬁéstep of storing the

repreentative thragedmensypyal abieqtinadelepaden sesulbafjthe match
storage section;, 20 a step of storing simlajities

beBERRREI? m#erwrselm&eeamﬁaﬁg%geg&e@ré%afgvﬁ thuee digrensionad
jnagg siorage section and representative

objegt BodgiSrensi onal  obj ect nodels stored in the

represeptative three-di nensi gnal obj ect de t or age

oot Fnihs ymaee ahefdiite MerRgd MeeeHPageFuet 20 oThe

section; and a result matching step of extracting the
COIPRFEHHice inmage similar to 25 the input image on the

basi 3 S?%R g{' %gﬂ{%&irgiseggﬁgmfbetﬁ%%ﬁ%al’%@%ﬁsﬁggelt he

represe ree-dl nensi ona

asééo?%&?h%%?ﬁ (BY yhRS PR ag%ﬁﬁﬂiﬂ%o 'fﬁ@@ﬁ%ﬁ‘f‘ﬂn%gé; and

arities between the-reference 1 nmages and the 65

rept ﬁ%@éﬁ gf h¥@1Y bEGSshBRAS ir@fé%n@@irﬁfa‘%e BRARhS 1S Bfbut

_e rererence _rnage natchlng resu storage
imﬁgg biyQlking the THR rbABIEh¥R! Fib dibic@4 INHe RGEOAL 4181 £1% input
C

aim 24, further conprising: 5 a three-di nensiona
im@péect nodel registration step of registering
representative three-di nmensi onal object nodels in the
r epr 23 €fhatimagetrhntdhingimethoidarvebrdibgdotclaind 80, Atrohage
section;
comprising the steps of:

a step of finding a reference three-dimensional 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 reference 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, wherein at
the conversion step, the reference image is previously converted, and an

input condition of the input image is squared with that of the reference

image.
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a reference imge registration step of registering
reference images in the reference i nage storage
section; and 10 a reference i mage nmat ching result
update step of conducting calculation of the
simlarities using the i mage matchi ng nmeans, on a
conbi nation of a reference inage and a representative
t hr ee- di nensi onal object nodel newly generated by

regi stration, when a new representative

t hr e@4dThe nmiagaaha tobjiieg method| accsrdingits ckaried 20 ncomhprising:
representative three- 15 di nensional object nodel
st or agemsagetinput syen pbinpntéagdihednpubmalagebj ect nodel
regi stration nmeans, or when a new reference imge is
regi stsseraf ioringhe pleraitericepnessatative dhreesdimpenmionyl
the reference imge registration neans, .and adding a

“objegtmadeds in paeprasentaiive thres disaenyienalohipet medel ghrasge

i mage matching result storage section. 20 26. The
se¢titfye mat chi ng met hod according to claim 24, wherein

at the .i nmage mat chi tep, imlarjty, bet th
ouBn R s HonasTk CEke BeTarth A lsabh Pie fergagion

o0 S5 e L L B BB SRR
h e AL AL S5 BELWRENG B, HELRI AN LARARRSO Blbde”

ge storage section a
. . ‘ o . Do Las.
o BRI Y b Sl T SO e PSSl
ob{REElo R QAR SpELEN, every partial region, tand at
e result tching step, the reference inage sinlar

L0 thE shiid mal 8 BREARGIAT O ShFRASIFRtRben the i
sim Iagrli ti esmgg?&ggnslt?%e I nput | rr%ges ang ﬁg bt%ﬁet%en e input

imh@P @HesH i 6metdahgﬁaﬁédmmh%¢@gemiae§d byeHelisage
cal cul ated by the imge matchi ng nmeans every parti al
gehegitioh aitns| salbeting inamakbnwee pinfieritevetlepespect tages
and the representative three-dimensional object
compdeisen istageschssociatdibwigf ea@nrepresenativetthreerdimensional
storage section every partial region. o
object model, and regarding the maximum similarity as a similarity
between the 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 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 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
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27. The image mat ching net hod according to claim 24,
wherein 10 at. the result matching step, simlarities
between simlarities between the input imge and the
representative three-di nensional object nodels and
simlarities between the reference i nages and the
representative three-di nensional object nodels are
calculated, and in the calculation the resultant

simlarities arg provided with wgi ghts on the basis 15
repyesenyaii vathregi baranseralgbiestimnpaslsistere dysy reerelerpnce

. input ipmage ancl the conparison i nmages and the
Image reafeping reilt firasaisreietonal obj ect nodels.  28.

The | mat chi n t hod according tg claim21
conpPPer i ez ardEng meodasso b et Femh g frther

i nput_i.mage; a step of storing a plurality of
COIPBE’IS&%N ative three-dimensional 20 object nodels in

a represent,ative. t hreer di nenshonal . oh} ect, nodel . .

2t o BgEreL DeSiod] SFieEh BRDR B @B Lo Sesistering

. l . i g . _
re;?r%gg{i@atg%\%g‘;}?{eg ncﬁ?gér%sz(ge}?:?lnoq%p 3?(% xrhrggée]ls éegﬁg%eﬁkgﬁﬁtéﬂve three
dihERLBASTbBlbY faodellsisiadhBRghanal object model on the
asi's 0 e representdtive three 25 di mensi onal

obj egtrofmdaks ilﬁta%fe %g%i,s@rattlikﬁl EID" TRBIRAEHNE reference images in

t hree- di nensi ona obj ect nodel storage section; 67 aﬁ
thé PEEEe AT B4 AstirEPe bctidi; @t ing a simlarity

between the Tnput “inmage and each of the conparison

| mggayefaBataindgatmilthihfrgailgnpdasd ktd ofSdodBucting

selecting a maximumsimlarity wth respect to _
calealgridn 6Dthd simgdsrities aing elte Whhpe edciehigprrReeR] ahiave

t hr ee- di nensi onal object nodel, and 5 regarding the
comination of airkfarehye anage aindi 4 aeprepe bettiveethrehalinmsional

image and the representative three-di nmensional object
objestigioded newdp gehevatedi ygrafistratipey wihea 4 nageepoésentative

objects in a reference | mage storage section; a step
thyge" dimepnsignal ehipelr mordekisresitered Hethe renrepentatinggdyee-

stored . i . :
dimensionai object model storage section by the three-dimensional object

model registration means, 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 methpd according to claim 24, 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
similarities between the reference images stored in the reference iﬁage

storage section and representative three-dimensional object models stored
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| caf:ﬁia!@c?% AN %B}lgefret%aﬁ prozs

10 the reference i nage storage section and
representative three-dinensional object nodels stored
in the representative three-di nensi onal object node
storage section, in a reference image matching result
storage section; a result matching step of extracting
the reference image simlar to the input inmge on the
basis of simlarities between the input i mage and the

. re resentatlve th ee dlne si,onal ect nodel s,

in B CEhIRsERLAL VS HFeP; UL raptoweh faskion; g¥ery

en the eference |nages and the - representative
pafﬂ?ﬁggﬂ?ﬂe éonal obj ect nDdeIs stored in the

* step brEE renTRETERLIEHED. HRF Eilrinedr B ?Ié{p[ﬁle imput
1mﬁgg?¢lﬁ§xé% T 'tfi‘é Bgsm otflglrglhl%rft satget%gv%re?nl tirﬂ[a? 1mage and

e réfere
thé ?%ﬁe%@ﬁ@at‘i\?é @%ﬁglﬂﬁ@ﬁ%@d& St g(%crt‘gfrl]o g g:la}) lg%ﬁgl?}ﬁtl}]e image

me{t.%flﬁx{%?ﬂ%e rntg%g?y dLIENG0R L n 1ﬁﬁfarﬁ'?¢gser A Sv@?se%oﬁ{eafe?grence

ges extracted at t

1mﬁgé§ Qhﬂg;hétr%ﬁre den®Miv O ehidet SreasSohdl Sijedtl ABRASIO QﬁJred in
obj ect nodel " 25 storage section, and génerating at

thé Q@ﬁi‘em&@g@ﬂﬁtémmg%ésﬁ%tbf@é@sééh@ﬁeevérg} pa?Bidl region.
condition to the input image every referencé

t hr e@7dTheIfIa@eahafthispnesthodudebrding theldiaspg, Khetdia
obt ai ned reference three-di nensi onal object nodels;

and at skeoeshlt megehivgt stepnsimsilerities beeweeth aimflgrities
simlarities between the input imge and second

betwepathes mputniageze gedcharepreatntdtévestires dlinmagdortal object
generation step, selecting a maximumsimlarity from

maiedn gnd etmilariteonipericsorthenefrsnas smeies eddvibeh each
of the reference three-di nensional object nodels, and
repregantative threeifamensmalinblentimgdels age splaulaged; gnd in the

R D —

of can %gtéa S%é’c% enge 01p 51m1?arn11 be{v%énh fhe 1nlpout01(1)n greI gIIICT %he
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 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 three-dimensional

object model storage section;
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a three-di nensi onal object nodel registration step of
registering representative three-di nensional object
nodels in the representative three- dinensional object
nodel storage section; a reference inmage registration
step of registering reference images in 15 the
reference i mage storage section; and a reference i mge
mat ching result update step of conducti ng calculation

T NP B R AR ERPEA AR o
lma?ger SR 0t they B afietR D\aRER eariaied af ths drost i%%éleration
tih e B TR i B v, PR Gie B Ebom oot Hrages

as§@rﬁ£ieﬁnwﬁ1h é&?ﬁfd&frggergﬂﬁqmsﬂgggémﬁ Eoha gg%eﬁg&bodleé and

registration s new rereren

re%&ghﬁ%%ﬁs%éﬁnﬂfﬁ s1ﬁﬁﬁ£ﬁ§nra sﬁgﬁ{ﬁg%re geﬁ%gg ﬁ%u Image

ference 1 mage reqi ion's

andatel fep?ésetﬂigt&@|tﬁ&‘é@‘ﬁ'u?3@n5f6nﬁ?ﬁH HekBnld¥el;ne reference

|nage mat ch Ing . resu t orage sectlon and a

thr eg-bpRRsiRNet tROrEfeke ARORh 2 SENGT HE Q8 113%%f8fench Image

response to registration of a simlarity between
storakeresgieni nage and the 69 representative
t hr ee- di nensi onal object nodel in the reference imge

mat chistep o€stiring simnigeitiedict@Bes ARdwefe@en@ ith H€:s stored in
reference i mage matching result update step,

they ee@rataemgnageestroeﬁge sactéont hndeegresensativekhmef digtensional
nodel associated with the reference image by

objegtriiadiedg stored iephe geptresentativé theeesdith evesish alralject model
obj ect nodel's stored in the representative :

storpee eectiomngi oreferemts vnagapudthistgoragl stertgdeosectiont he

basi s of f S|mlar|ty and reglgtenng t he
geneRZEEY rIB%qhéHSét%P exanAEng itonaplespRecmagrisimilar to
the reference ee- dj rren onal obj ect nodel storage

the Ifytirpagh,on Jf'h% ra 1iagp h%ttVYﬁ%l %Cl@p(l}fc agage and the
regsBifadive. tHEh ﬁ&%]%gﬁ#@%%%ﬁ@ LoRATARAN: (B2 ioage

matching step and similarities between the Ije_ference images and the
representative three-dimensional object models stored in the reference
image matching result storage éection;

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 model
storage section, and generating at least one second comparison image close

in input condition to the input image every reference three-dimensional
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t hr ee- di nensi onal object nodel associated with each
reference image is generated by conbining
representative three -dinmensi onal object nodels
stored in the representative three-dinensional object
nodel storage section every partial region, on the
basis of simlarities obtained every partial 15 region
bet ween reference inages stored in the reference inmage
storage_ section_and representatjve three-djnmensional
objsist azadedvacihe hassy elithavhtiaened spferenagst thrpgelimensional object
t hree-dj mensi onal obj ect nodel storage section, and
Ian%&fgéherated ref erence three-di nensi onal object

nodel is registered {n the reference . .. ..
threé-%%cismagwm%@%ss cals 5ing Yuilardfies between the

. The. i mge t chi nmet hod accordi ng tg gl aim 28, .
inpRCITRR#F AT SEFRAY RIBAREPR TGS EEReraped 7t th sergnd image
i mge. and a re

bet ween t he input resentative

e PAF AR Wrn STISRAPE b s I8 i drachi pegapd
artial .region, the, refene ' e [ esu .

col i 0B DrobelfidEaTERh bIRRE Sk Mei S fpbusional
1 e | Nt ' [ 1]

ol FAFIGITE T ERR LY 5 WSk SLENRPRS Ao enilaricy
befRb&S thEBAREI iR £ 8614 (HO rbrbRE: HIBREABMAIONA object model.
ree-di neEnsi‘'onal object nodel storage section, éevery

par t ipal Theghire AREhAA e WG HoBSAHChrdRE DI dMins L8P furtther
reference image simlar to the input  inmage is
cofpiric@gged on the basis of simlarities between the
i nput Tmage and 5 the representative
t hr eg-thire®dsmenslonabbBfect Myt Tegirt eitiat edpf rebistering
i mage mat chi ng nmeans every partial region and
repra¥ehedtitd Sorebeliveaziditg dbgd@rmndels inrthgaspasudnthtive three-
representative three-di nensi onal object nodels, stored
dimensional objeet enclel isbaggesactahnng result storage
section every partial region. 32. The inage matching )
met hadrefereoce imgge gegishiati@gstaphefrregisteniogaeferpace images in
result matching step, simlarjties between
the referep¢e ineage porase feethaviaisut . i mage and the

representative three-dinensional %bject :
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 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 reference image and the
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nodel s and simlarities between the reference i mages

and the representative three-dinensional object

nodel s are calculated, and in the «calculation, the

resultant simlarities are provided with weights on

the basis 15 of candi date precedence of simlarities

bet ween the input inmge and the conparison inages and

the representative three-di mensi onal object nodels.

33. The image matching nethod according to claim 22,
represpniaivigthreanlimesgeonal mbiecitapdelfin thewefdragce mage

i nput image; a step of storing_a plurality of )
matebing ramdt sipcaghpestian eanbugadlat the reforeace wergd matphing

a representative three-di nepsi onal, object npdel _ .
regitlbupgate step; BoReTaking HigyEelgeprseathires dipepsignal object model

asgq%ggi{e%g\%%gi t&}edjﬁ$%§%F% gt%f’:l%g yacgqi;é@ig\iréé g:% ?e;?rle(s)es gtaitlnve three-
s RASPaT et B S TR ol e BP0 B
ob{egt GEedel AUTTERBREPIoDBPALE TGP Bron B andositorie
th, EEHERATER Reterpch o ERaRo R et BhdtBr e togpnee

ok PR RS ol e saangl e Lon eans

mmsim respect to

co i y j ' : ;ue
ComP 361 0 TGS 0300 NER PGP AP cocoh gL
Maxi QURhS t HitdePdinkdndSn Al SHjBEd AlodkY gdeiraeRR &S 4 Rddtence

i mage and the representative three-di nensional object

thFERO@Imedsish SPotibctShea b Nasddea te 8 vt RR@eh irBRgeSccOfmage is
objects in a reference image storage section; a step

geAbrak @by @ nShiih @ ié1 1e@Sn et Ve Elfir dehdi niedfstd 10l o) d ot agedels
stored in 10 the reference image storage section and
storefriaghetraprece nt htiee tHreredshensibnablject modelesd torageosention
in the representative three-di nensional object nodel
evetyparpealsregiomon the kasiebésanderitieapbtamed leivayy pestihk
storage section; _ .
region between 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 registered in the
reference three-dimensional object model storage section.
31. The image matching method according to claim 28, 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

similarities between the reference images stored in the reference image

storage section and representative three-dimensional object models stored
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a result matching step of extracting the reference
image simlar to the input imge on the basis of
simlarities between the input inage and the 15
representative three-di nensional object nodels
cal cul ated at the imge matching step and simlarities
between the reference images and the representative
t hr ee- di nensi onal object nodels stored in the
._reference , inm mat ¢hi ng.result storage section;. a
in Ye FPRIPSeRigH g PEF S BRI Sl TRl i Brags feckion, every
nDQfIs.ZO a§€ociated with the reference i nages stored
pa¥%a &% % nce i mage storage section, in a

o RS BTN BB b Bl 8 e
1 055 L TOES ok OS5I ABFRF ALY

théggéﬁgééﬂtagéﬁ%hrgé%%gidﬁl%g%? EnddY16 8a IR %?{e image

j'ect mo storage 25 sectibn, squaring an in
maERHg tn@In@bvERL ph ARNT rdiY 8 nW difhilahRie Ohetidien the reference

reference i nmage extracted at the result nmatching step

imBYe SR €ht kESrdsBBtati P Yhrde@igSe RAGH Al oljE& MBHEIEBRed in
i mage extracted at the result matching 72 step, on

thd hefelafdeSniigel M tehing reeditr AbRieNeRtbhArarilipietal eé@ibn.
obj ect nodels, and generating partial inages
respsZiTheinagé riehinguiethodgecarddng e cldiaf 28eRwberein
I mge squared in input condition wth each other; and
a pasat tled rasmbigm atahnly stgpssepilafitieabetivadn Bimiarities
simlarity between 5 the partial inage of the input
be tiweseget heenoh pul @ nyzeget dad. theragereséntateve Biree simensiored ®bject
(ggnerated-at the image conversion step. 34. The inage
motelchnd gimbatisiesdedviegnrigetreferearcenimages andhbe
conpri sing. a three-di nensi onal j ect npdel
np g | ng %ﬁ’eﬁij

renrggeRiatie e iamensi St imelele are pricadafeds ppd in the
calb a3t 4P ERet Ral SEbflEHtoRsaE P aTioPdgei BOEE £BAe 08 the basis
of {1 ERENCS: RG0S A 00 SheBorPInd SRS M%nd the
comparison images and the representative three-dimensional object models.

33. The image matching method according to claim 22, comprising:

an image input step of inputting the input image;

a step 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
three-dimensional object model on the basis of the representative three-

dimensional object models stored in the representative three-dimensional

object model storage section;
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the reference i mage storage section; and a reference
i mge matching result update step of conducting 15
calculation of the simlarities at the i mage matching
step, on a conbination of a reference imge and a
representative three-di nensional object nodel newy
generated by registration, when a new representative
t hree- dinmensional object nodel is registered in the
representative three- dinensional object nodel storage
sect porimaget natelingestep of aslculating bjséwilazdyhsdwieen the input
. registration step, or when a reference inmage is )
imaggiandesach ofitherrompansgreiieaseneereratest ahthe toage generation
the reference image registration step, and adding a :
meadisy Peleghing e Bta sHBHATEY "edh regPach te semparwoarizeages

i mage .nmat chi n result storage sectian; d a :
asgqpl f@ddm@rﬁﬁc Wf@%ﬁ%&%ﬂﬁ&gg?e'agﬁéxl%lppaﬁ&a@efpm@dﬁl,iamd

respon to .25 reqgistration of simlarity between,
regarding £ SHPU T HRGEmART 1AS 2 SupHatinbsbyeed the input image

ee- di megéi nal obé' ct model,in the ref.erence i mage
aitye shisehg

anf meeﬁéeﬁﬁ Yeél"éﬁh amg%waho?smefis at thef
_ jersee? | |
Cenop e ot TRAMAPAE BlAferd EESMld o IBIRE oD b BB EorbBle image

I ciated with the reference i mage by conbi ning
St({{%ggrsggt?@gent ative three-dinmensional object nodels

o e P SRR R e e ROl

thé Béke Pe k RUNSA & 61090 b 8 AE51EAAN SEpFAERIARFEthree-dimensional
t hr ee- di nensi onal oObject nodel 1n the reference

objelt afrddl $BiRTE @R lthe Bbprdsefbstele Sheadien IRESAAbLDjER model
The i mage mat chi ng net hod according to claim 34,

storage ebetiomt int 41 e flelfé - ighh RN 51 a3 Bkatin goleks eltt st 6RR! section;
generation step, a reference three-dinensional object
nodeh resslianatdxdngistép ebettraefing ¢he ecfermye insagddsimilar to
generated by conbining representative _

the e dhagmnen thalbasly Ectimipdeiies batveead hierninple image and the
representative three-dinmensional object nobdel storage

represengtiveethney- daransionaladijent models lsalcwdatied agfthe image
simlarities_obtained between reference .

matching step and similarities between the reference images and the

representative three-dimensional object models stored in the reference

image matching result storage section;

a step of storing reference three-dimensional object models
associated with the réference_ images stored in the reference image storage
section, in a reference three-dimensional object model storage section;

an image conversion step of obtaining reference three-dimensional
object models associated with reference images extracted at the result
matching step, from the reference three-dimensional object model storage
section, squaring 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
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i mages stored in the reference i mrage storage section
and representative three-di nensional object nodels
stored in the representative three 15 di nensi onal

obj ect nodel storage section, and the generated
reference three- dinensional object nodel is
registered in the reference three-di nensional object
nodel storage section. 36. The i mage nat chi ng net hod

according to ¢l aim 33, eeln t the i mge chi ng
step, @p, thg basis phthe 9bq?éf19\r$gﬁ o piacq ﬁﬁ@?'ql%@ém@ga iwtanodels
representativ

and degieratieg Pé\FE‘P; Trrng%?? lr%?p”%‘@&?&o? ﬂ?@%&”@%@%@@}%ﬁ&
S S e RSB S P Fon o
L o8 RATHBh LR GRE BT eg # et er Bt %élmﬂambetween
gﬁel%fspng%%eg}?/fe t tezgnelf.l Séx%] %he gigjrsﬁ L'#Q? ﬁleoltﬁaf?rence

glon resu
simlar to the
1mﬁgé ‘ggh@%%g:aqltgbg%ig (f%g)&gio gg'asi s of simlarities
bet n t e
thréﬁ’&d’.—vf&%ﬁ%% b IRaE kel %%82@5@%% Pirfygther
comPei¢ng:mat ching step every partial region and
siml ar|t| es between the reference 5 i mages and the

repr s%ﬁé@tﬂmsnmh@@oﬁjé&e Rsod abeiabt R SREI TegitOnag
in the reference i mage matching result storage

repRebh ity eirde b dridion £lodbiect mddelsThaheregresentetiv@ghree-
nmet hod according to claim 33, wherein at the result

dimrehsionaf objeepmatielist@raigeisestibat ween simlarities
between the input inmage and the representative
t hr ee-rdfareneé omake abEMtatidx@stapdd mgmtdringmefaente aaages in
- between the reference images and the representative
the nefeenfienmmagesiorasdisectiomotied s are cal cul ated, and in
the calculation, the resultant simlarities are
pr ov ad@&rﬁpwm@ggwgt%ng resHh dipdate steppffondueting

den of, smlarltl .bet ween the input inage, and
caﬁﬁgat?on ofC ﬁle similarities at t e 1mage mat(}hmg step, on a cgmb?natlon

of a reference image and a representative three-dimensional object model
nery generated by registration, when a nevs} 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 referehce 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 thé reference image and the
representative three-dimensional object model in the reference image

matching result storage section conducted at the reference image matching
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conpari son i mages and the representative

t hr ee-di nensi onal object nodels. 15 38. The i nmge

mat chi ng net hod according to claim20, wherein the

object is a human face. 39. A programfor making a

conmput er execute an imge matching nethod to retrieve

a reference image simlar to an input image, the inmge

mat chi ng net hod conprising: 20 a step of nmeking a

mat ch between the input image and a g;urayity of _
repelb upslate stapy dor Bereradingth mfarensejtbree dudehsional sbiept

of making a match between the reference inmage and the
m?‘iﬁdraé%‘ﬁ%ﬁd vith theceefgrencs smaes boegmbiningdegeprengnsative

step. of retrjeving the reference inage simlar to the
thr%@km?%}a@ai Qbseetymygpkgstgr@fggurhe BepreRenirtentizee neen

.the inpyt. inmage and the representative o
dipgpgiondl phinet dindel stprace seetan onaite basisefithe smilswity, and

mat ch 75, bet wee he.ref erence i.mage.and the .
refRlsring Thd B PE AR LSBT Ao e ity i Qhaes modalin the

he i e natchin regram aggcording to,claim39, the

refdne PG il A R AGH UBHIE S5 5 & ot ep of

fi ndigRg r.ef t.hree-di nensi onpal .object del .

assodrar g s HREH kIR eeTRaE0RE BUER o] Pherein

i nput,; i e . [.evi e

rof orbiie e Biin bR jeRllofiel Sl apfrgence
thidiedintd 2isHEPBEEFOHLERIRBH vPith 85 TRRSbn AN h DS s

Input 1mage. 10 41. The 1 nmage matching program

A6£REE DY eonthiglidg RPschtiftivd BN o- dTRIHY eh 1R 1
gef urt herwgcc())rrprli SI?%g hgest eE)s of . ea steg% %}% @?1%?%80%9 S

stdrefiehehedep oot siive RhcPAIm O8R4l FIEE! moB8EOkAEE Section
with the reference image simlar to the input inmage; a

evenNyEftidlak gidrs PpnotheSus bf gindila it bbeDind dtHdRe8h rbhence
i nput i mage

1mages 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 registered .in the reference three-dimensional
object model storage section.

36. The image matching method according to claim 33, 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
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, every:

partial region, and
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15 with that of the reference i mage by converting the

i nput image and/or the reference inmge on the basis

of the reference three-di nensional object nodel; and

"a step of retrieving the reference i mage associ at ed

with the input inmage by making a match between the

i nput image and reference i mage 20 squared in input

condition. 42. The inmage matching program according to

claim4l, wherein at the conversion step, the _

r ef eatthhe résdyematshprestiep, shy refenemaet ignla geasisgnidar ta theuinput

condition of the input image is squared with that of
imapeis eftrnectedeon thabesisad sidilaTitees emetthetinpyt image and

program according to claim39, the image matching
therrenredeniatpie ireg:dimensinngd dbignitmedalp calculafediat thy image

the input image; 76 a step of storing a plurality of
matehingseiep Avieye pertabregipn indsimilanipe betwearethe reference
. repres nhative t hr ee- di pensi_onal .object. nodel toragg_
im3ges A thareprrsgatyare threeshimensiopl ﬁ@r@pdﬁ’é, gored in

| egst one conparison 5 i e close in input conditi.on
the Eﬁgﬁ@qeﬂﬁﬁg%p%&wu %%PE%%%%%‘EH%GW@Y partial region.

h - dj 1S | j. del .he ,basi. .
I gy dmEnsl onal phlegt, Madal on. bt ot ob e,
inth tat] th - di [ I bi ect .nodel
o B ERER T AL e L5 G TRRS S08hesf UhBEC
e Byt ISR rEPRMLAd RS AL A Yoo
mARIEEAN AR IEADS b RS BG! IHAGoRoMEREL TSL bkt y Wi th
respec (0] conmpari son |1 mages assocCl a ed wt each

reﬂ&@éﬁ%@ﬂ@fﬂr\é@-&iﬁfe@%‘l(ﬁ% s@NRbdelQRIr8 Ch1TARM; afA9n the

regarding the maxinumsimflarity as a simlarity

calRBIWEAN thRGebARbht IRABrARGE drB&HroORIASRIhAkEMRts on the basis
t hr ee- di mensi onal obj ect

of candidate precedence of similarities between the input image and the

comparison images and the representative three-dimensional object models.

38. The image matching method 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
representative 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 image similar to the input image
by using a result of the match between the input image and the

representative three-dimensional object models and a result of the match
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15 nodel ; a step of storing the reference i mages of
objects in a reference inmage storage section; a step
of storing simlarities between the reference i mges
stored in the reference i mage storage section and
representative three-di nensional 20 object nodels
stored in the representative three-di nensi onal object
nodel storage section, in a reference i mage natching
result storage section; and a result matching step of
betweemtheé neferdrecerimi zgeeand theagpresentdtave tlhreer dianéngpenal
i mge on the basis of simlarities between the input
objeshigrodedel t he representative three-di mensi onal object
nodel s cal cul ated by the image 25 mat chi ng nmeans and
si ni #Ar The emamtmeﬁlﬂaérp@raén@ﬁ@@dnmgw aify 3Phidie image
resentative three-dinmensional object nodels stored

ma:ﬁ?igt%meéh@dé%bericml%sbhi ng result storage
ke A sl e PR R SRR R

A R O LS S
three-%inerio al oQiect ggde S iggthe rePrgsthﬁﬁive "
t hr e8-578P §f RENLY SRETCIRE 48P TRFISR D7 &G SILURT fo Fbe by

G a8 LR AL B o0 SbRFL A ehe impr

hn%ggtion; and a reference inmage matching result update
step of conducting calculation of the simlarities

usi ngqt i: i , i ti1n:

25} LB1) e SRR LR 9 RAR oo o R ROTIR 89! 0
mit'%h_?r?%' HIRHE FeRRer cORIpHinpRHE stdpasy generated by

regl s ration, when a new repr esentati ve

thr ea—ﬂéﬂaﬂﬁh@h?% a0Rfaehc8PRRle - did1Rgbsiks1dct MmollBE

representative ree- di nensional object nodel storage
assaistiednwith tthieerefdremee dinmee similalr tobhedhputmdale;

regi stration nmeans, or when a new reference inmage is

r egi sateengdrsion 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 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 matéhing program according to claim 41, wherein at
the conversion step, the reference image is previously converted, and an
input condition of the input image is squared with that of the reference
image.

43. The image matching program according to claim 39, the image

matching method comprising:

an image input step of inputting the input 1mage;
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15 the reference i nage storage section by the
reference image registration neans, and adding a
result of the calculation to results in the reference
i mage matching result storage section. 45. The inage
mat chi ng program according to claim43, wherein at
the i mage matching step, a simlarity between the
i nput image 20 and a representative three-dinensional
obj ect nodel is calculated every partial region, the
r ef eaestee of ragm gratpdhialityr efstepresandatiye thesst dionessionak
simlarities between the reference imges stored in
objehtnrasteds bnegeprespatative thire-dsnengnnahebject model storage
representative three-di nensi onal object nodels stored
sect®ri:n the representative three-di nensional object
nodel storage section, every partial_region, and 78
at t BB imagel genvapbienmier ob B?nelr?él%ftte}e@ﬁg ene gagPparison
. sim]ar tq the input imge is extracted on the basis
image glaspinappyb §0%&tb@ewna}?e14%qug?§d@r& AePrespptative

representative .t hree-dj nensi gonal j ect nodel s .
thiesl GmeRBenBLONRE TRASLOD fa? g’ﬁ?ﬁg‘%b §SPERRERYatiYe Fhuge:

oA R Pt B 58RI SPRbREP L B85 koS

bmagel S 1sféored in. the reference image natching result
ObIEE Pjaoét@ § O&ﬁgSr?e%‘i}%Py partial region. 46. The inage

L B Ao
im B RRA ekttt B8 MRS D LRULs LORORCATBy HE tmage g
geRe Bt A heaBg, Qﬁéﬁ\?gg al A8 xiBLEE SRR LiERUSEh RO eth

representative t -di mensi onal object nodel's are

cophfidbatifthgedsbfiatdibwifidbadt adp@Beii@iveaditbd-AMhensional
simlarities are provided with weights on the basis

objett euddl daid rof-ackiae Hhe nodxisi winl similaréty d3ed weeilatibe
I nput image and the conparison images and the
betvegrreslenigiutviendde erd dhewopraseatatotg tuteentidedmsiord object
The i mage mat chi ng program according to clai m40, the
madekige '

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 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.
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mat chi ng net hod conprising: an inmage i nput step of
inputting the input inmage; a step of storing a
plurality of representative three-dinensional object
nodels in a representative three-di nensi onal object.
nodel storage 20 section; an inmage generation step of
generating at |east one conparison inage close in
i nput condition to the input imge every
representative three-dimensional object nodel on the
basi ¢40The hmagepneteringmirograrh asecrdingén slaamai3 ofjecimage
nmodel s stored in the representative three-di nensiona
m 2ihotg sethod derther compaisivgt i on; an i nage mat ching
step of calculating a S|n1lar|ty bet ween t he i nput
i mage thnep-dawhnsionaheb mﬁpmde% sheishgion genaiaesistening
t he i mage neratlon |thI g a maxi mum
regFasenEati e thicerlimansional t‘g)l%‘&rﬁfiﬁg lsan thrggpresentative three-
associ a ed mnth eTch representative three-dinmensi ona
diggpgiona SP@E&P&?ﬁﬁo?he naX|nun1S|n1Iar|ty as
a sim]l r|t betmeen Ihe LN m
epr BUEISLG BaRRE SBEATIAEE SR OIGBFItETAg Jefereges images in

t he reference, i mages of objects in a

th?é?éf%ﬂ §$%%§§%Dr§g%ﬁg§§1§ég} on; a step of storing
tSIhg] :agr?eget;'gﬁg b& %5] clﬁ?n% %ﬁﬂ? ﬁa‘cegﬁ%i ofsctoﬁﬁﬁgghgi Ve

ora sect represen

B Rotricbvigh ket mai
coﬁfb‘i’ﬁ@ﬂ@n o84 eentd nﬁag? faggen 9%)1‘9@@19&1:{@ AheBAihRHRIdnal

st orage section; a result matc ng step of extracting

objde€ i &leE neMAf g'eH@Q&te%l' 1Y +e¥istratiohN& HeAPihewRPSe &hthiiGe
asis of simlarities between the input inmage and the

thif &PARSENIshAVEL;EEY RRUE] IBREiaBadd GbLIeC tegrRESh Gative three-
cal cul ated at the imge natching step and

disiefisioaal bbet heided erorage seefien diycthei tirgedimpdsional dbject
representative three-di nensi onal object nodels stored

model rbgistefténeneans, 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 sforage section.

45. The image matching program according to claim 43, wherein

at the image matching step, a similarity between the input image
and a representative three-dimensional object model is calculated every |
partial region,

fhe reference image matching result storage section stores
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, eifery

partial region, and

78



10

15

20

25

i mage matching result storage section; a step of
storing reference three-di nensi onal object nodels
associated with the reference inmages stored in the
reference i mage storage section, in a reference
t hr ee- di nensi onal obj ect nodel storage section; 20 a
second i mage generation step of obtaining reference
t hree- dinmensi onal object nodels associated with.
reference i mages extracted at the result matching
st epat thepedlle mathighstepl thie eefdi¢reoesingigd siabil@cto the input
nodel storage section, and generating at |east one’
ima g6 dnexraoRal 15 ohe basigefcimilarities hetmuencdedinpud image and
the i nput inmage every reference three-di nensional 25
thob¢metentdéle diret imeasianalfobjérs modes walbul efest xntlee image
t hree- di nensi onal object nodels; and 80 a second
matochiye nebokievgrs peptiaf ragide andtdimglayities betwéasthe reference
between the input inmage and second conparison images
imgegeenntdlicaeprérentaiive dhieeadianensinnabebieet mrodpls, stored in
selecting a maximumsimlarity from anong second )
the vefesencsom agmpeichingoestettorngehsedion e¥erymartial region.
reference three-di nensional 5 objecy, nodgis, and )
r egaftli hheimacearpiAng papsram Arcording &p glaim gy wherein
bet ween the input |[mage and. the reference . .. ..
Chr cat Ahaenuilb s tchiy Beic BB Aritips bepEen pigdlarities

oS B STRCES I Bk S  Bict BE SR
- di 1si anal , abj del is [ f
I G T
del s i h t] t - di ' i
R L R

cafcﬁrlg%ei&g ttfn? 9&&1@5&@&&?&&%@ Gfe 5f&raaaédiv&th thaghef 65 BRC Basis

orage section; a a rererence | mage mat chi ng

oftﬁﬁﬁ&&'d?atél Pg@ée‘ﬁ_eﬁ:@ Bf 8fm 2R €4S HebFeer 2he 3hptt Ahhed adfl the

e simlarities using the i mage matching neans, on a
coRYERidRlintAsafard £18f SRS tatBgethaae-dmeapi@Ee Bbfdct weodels.

t hr ee- di nensi onal

47. The image matching program according to claim 40, the image
matching method comprising:

an image input step of inputting the input image;

| a step'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
three-dimensional object model on the basis of the representative three-
dimensional object models stored in the representative three-dimensional
object model stofage section;

an image matching step of calculating a similarity between the input

image and each of the comparison images generated at the image generation
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obj ect nodel newy generated by registration, when a
new representative three-di nensional object nodel is
registered in the representative three- dinensiona
obj ect nodel storage section at the three-di nensi ona
obj ect 20 nodel registration step, or when a new
reference image is registered in the reference inmge
storage section at the reference inage registration
. step, and adding a result of the calculation to
steape salectinigm Maximefe sendaritegehmraspdititg comgmridon images
storage section; and a three-di nensional object node
asgpeimtedtwish estcbpepfesentiatizs fbneedimengionakgbject miodeh agfd
asimlarity between the reference i nage and the )
regaydieg the mdximurh seeildiriy s ®aahilebits betweere the inpiteimage
reference image matching result storage. section
anddharepeapeatativie thegeadinersippabebiest Bedal 81 resul t
updat e steg, generating the reference, . .
t hr e@-SieRrEhSIosHE tlb%ffég%fenﬁsdmage&scsf&gﬂ%ﬁt@w #ineferepee image
ref erence inmage by conbining the representative three-
stgpRRA8FWPI obj ect npdels stored in the representative

R L I L
o RREH 8 SRR M R SR O Bl e

(S | ONg. 49.. The ] . gk- ding..t o
obfFE s Fhed OF shORPSLRLF DR BRSO R Rodel
I r-at| ' efer eg- di Lanal
stdiBHE ep AT IR L BB e NG reh IR IR
thr SATER A oI RETHAT NGk ANIAR 4R} BbickEnce image similar to
thé SRS @SRM A b €hé BLSR-¢H JTRARIrAASd b Q&1 tHDRPhut IR Ihd the
section every partial region, on the basis of '
refieRbhedtivd feoldliaidigtbreMesbyeantddéls cal@datyd Defhecienage
reference images stored in the reference i nmage storage
matehinsteprichd sipidsaticatierwetnithe referenc mmagesodmd che
nodel s stored in the 15 representative
representativeetisicoiinenisj@rdl abpets| medels ageredant herrefamadce
_ the generated reference three-dinensional object
impge ahatchingytstlestadage seeteon;

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 model
storage section, and generating at least one second comparison image close
in input condition to the input image every reference three-dimensional -
object model on the basis of the obtained reference three-dimensional object

models; and
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ref erence three-di nensional object nodel storage

section. 50. The image mat chi ng program according to

claimd47, wherein at the inage matching step, a

simlarity between the input inage 20 and a

representative three-di nensional object nodel is

cal cul ated every partial region, the reference inage

mat ching result storage section stores. simlarities

between the reference images stored in the reference

i mage sesiral kgegs erdtichm@mstkprdmadadatiagisimilarities between the

thr ee-di nensi onal object nodels stored 25 in the
inpuspnegemed seevndhewppdiisendinagas sebpreded midbe sscondiyjoage

section, every partial region, and 82 at the result
gemarationngeBt eqlecting ar mpxaNE: SIREFEtE fipm amang serend

input image is extracted on the basis of simlarities
coIppRTIERn LEREeR §580CLA Rty ItdneRch Hfdtheasfareape fhrapsdimensional

t hree-di nensj onal _obj ect nodels cal cul.ated by the.
objefiaglodetta fal wg%g}gsﬁéwwuam ﬁ%ﬂlﬁ%‘&’ 88 aafr}H“PantY

B B B0 ST TP SR i e

O R ST L
SR AT R T el o the fesul

bet | i . i D

T T T T
re@%&%ﬁiﬁh&égfd‘i Gfor ATRBGt 3R A1E$n ¢ @E?gfegghﬁéﬂié’éethree-

ree-di nensi onal obj ect el s are calcu and In

dithBEsioRial Sbikat el bhFakESEEGARt Sim larities are
provided W th weights on the basis of candidate

pr ecgadefeensd irhhpt rdgisttRSorPelepfrebiCeri AR wbfdrBRGLIAALes in

the conparison Inages and the representative
thd teferertberiensgeostoragbpetionmadel s. 15 52. The i mage

mat chi ng program according to claima4l, the image

mat chirafprentdidage matchimg resardt updgee steputf cohdpctahg

i nputting the input image; _ .
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 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 reference image and the

representative three-dimensional object model in the reference image

matching result storage section conducted at the reference image matching
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a step of storing a plurality of representative

t hree-di nensi onal object nodels in a representative

t hr ee- di nensi onal object nodel storage .20 section;

an i mage generation step of generating at |east one

conparison image close in input condition to the

i nput i mage every representative three-di nensiona

obj ect nodel on the basis of the representative three-

di_ mensi onal object nodels stored in the representative
re&vflt spdataeien; spaeratimg bhe seferemessthree &lw@sw@ﬂ obiect amodel

ge matching step of calculating.a simlari

aswi%@éﬁwthéhﬁ rrﬁiﬁrenpﬁa@@garhy eebindng the r%rreﬁamaet@fe three-

I mages e erate enerati Qn

dimgngiona a ﬁﬁlﬁrtgwgwq%np%%%e@re@ infgnsional

ohieqf Bidet %ess £f lafé‘%s Sherns OF S EdaPhiang Tasestoring
|t t {

th?a ﬁ%@%” B selernia e it otle ARt el enee

eference i mges of

af&@ﬁ@?%ﬂ%l%ﬂ%(?ﬂﬁ &rmRbel Hadabl Sedtid S sectl on: a step
Ot o 48! TRE iRl BEldri68 PHSEUEE AL B LAECAS TS ein
reprgﬁﬂrﬂé a&fe\éedﬁﬁwsﬁoﬂag@@ab@&%el @A&%@D&@# a?%ﬁ[tr&qce

in the representative t e-di nens onal

thrk@- &Eﬂér?ﬁ&ﬁ%]é&nmoﬂgl éssro%fa?cbﬂ Ri€h 'e%ﬁ?ef@%ﬁ&' ﬁ?age is
result storage section; a result matching step 0

gefedlatag %&%rﬂﬁlﬁﬂ{ff%@@@ﬁtdtﬁ‘%ﬁlﬁeb dibfnsichal lobfedt M&dels
i mage on the basis of simlarities between the input

storg@4s the @epfb@ent@m@%Efgeaaim@nélbﬁsleotﬁjeaﬂem&a@mbr%ga 8&dtion
nodel s cal cul ated at the inmage matching step an

evetypdridltregion) ehvernbidie of efieilericiesiobagiee davery partibl
representative three-dinmensional object nodels stored
reginn thie¢weenh eefemerce immages stirediinghe esferenst onmagpestorage
section; a step of storing reference three-di nensiona
seqisjreand mgp[@sgntatwe three-dimensional object models stored in the
representative three-dimensional object model storage section, and the
generated reference three-dimensional object model is registered in the
reference three-dimensional object model storage section.
50. The image matching program according to claim 47, 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
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, every

partial region, and
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associated with the reference images stored in the
reference i mage storage section, in a reference

t hr ee- di nensi onal object nodel storage section; 20 an
i mage conversion step of obtaining reference

t hr ee-di nensi onal object npdels associated with
reference i mages extracted at the result nmatching
step, fromthe reference three-dinmensional object

i e e R RN A
B EKAcHa bATRE SRl o BhADG hERBH AROKSUL e and
ehE Rzt ahte MEARULIRIENAR RO ot B imace
mmﬁﬁg mea3d e@e%gs?aam@gn pﬁ@ difli1d FBOE Bt PaReald fée%f/ence

of the Input i e and the Treference I nmage squared I'n

imlaBBY b nAARdi e PELeithitve 3R R LANBERSIBAS ShjBEY %ioﬁ'elé gﬁﬁ?ﬁ ein

mat ching step of calculating a simlarity betweén

thOéferdhed MBEEe RiatbRihd AR s10REE 8O9id ey Idrial kOBYS.

of the reference 5 image generated at the i nage

convensiTas ifisge mafhihberoghas deBéaihs Yo RIAH M wherein
according to claim52, the image matching nethod

f urt hethe oaquilt shaighime ttupe eidilaEitivis dettveoh sl arB s
regi stration step of registering representative

betweaethk nst innege ahd ¢he rapriseatdtivd tiereeefinesaidmtliobgect
three- 10 dinmensional object nodel storage section; a
madel e apdcemilamifie s betivetematlieare feteape dfagesiantehieng
reference images in the reference inmage storage
representativeathrea disfanseomal dbjeafemadels miragaledated, apdahehe
step of conducting calculation of the simlarities at
caknéam%g@eﬁﬁsehang sipdprities arequebides: vish weghs$ on the basis
reference i e ang a representative three-di nensi onal
of g AteBERae drass 9FI gardetien %ﬁywsa%rgité% R Hoimagmand he
new representativg three- dinensional,. object gﬁl I S
coRBFSP BBt 4 e IR SR A G CLe R SUBoHr REALP Biesy models.
gg} :@?. 'Y[‘BQ ?Llasg'é%g%%iﬁg %trbgrnanziltacgohr 1}15‘ t& gl_a%JrTE ,Sth%qg{age
matching method comprising: |

an image input step of inputting the input image;

a step 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
three-dimensional object model on the basis of the representative three-
dimensional object models stored in the representative three-dimensional
object model storage section;

an image matching step of calculating a similarity between the input

image and each of the comparison images generated at the image generation
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nodel registration step, or when a reference inage is
registered in the 20 reference i mage storage section
at the reference inmge registration step, and adding
a result of the calculation to results in the
reference i mage matching result storage section; and
a three-di nensional object nodel generation step of,
in response to registration of a simlarity between
the reference i e and the 25 representative

stam selectitiecn g?qaﬂg}@rebﬁl@elarhtadw thinespgt PaPERATY ragees
mat chi st or age sec i on conducte

as s R it A el LR R T BT SRR Sen 8T oot Bipdel, and

refipRth 3 bE hb iR iR FLf SR IRiRens the tbe it igase
an'ﬂn:(fxe r%?)&' sse?ﬁgabé\fﬁreetH{ﬁ?n&gﬁ?ﬂ?féfe%n?la} %F{ect nodel s

€ represen sional object

m)dela s%é? ?gﬁ)rﬁ? et%peﬁ&emggg ssofogbﬂé&g i e e ¥ image

sterin e generated tefe
stJrQ?@%egﬂl&?ns' onal Obj ect nodel in the 5 reference
ee- di mensi onal obj ect nodel storage section. 54.

The LMRES oFBEdit gmpﬂgﬂm@b%%@éﬂltﬁg rbferehdd {qéées stored in

wherein ~ at the three-di nensional object

thd ?@I@E‘@ﬁéeoﬁn§é@§bor&gé @ém@m 68d repreRndhine %hfa%aaln%s%ﬁal
nodel associated wth each reference imge is

objgetn eicleds stiyre & @ARLBI lr@ﬂré CRELE PO tBEdeV@imensional obJect model
t hr ee- di nensi onal object nodels 10 stored in th

starepe ssetit @t invee ré for@ecediniges mershingbjealt stoeete §éc@1ro@ge

section every partial region, on the basis of

si m haesultenatditingseep elextrapngith refeeghenihegavedtilar to

reference images stored in the reference i nage storage
the sxyutomagedon éhe beerstftdimelaritieebelivensilonalpuwbjregte and the

nodel s stored in the representative three-dinmensiona
rewﬁ%tatm@rregt@nwg@l@bﬁtqut mpdelsivalagatpehat thecinage

re erence t hr ee- di nensi onal hect nodel . i s regi stered
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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;
an image conversion step of obtaining reference three-dimensional

object models associated with reference images extracted at the result
matching step, from the reference three-dimensional object model storage
section, squaring 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

step, on the basis of the obtained reference three-dimensional object models,
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and a representative three-di nensional object nodel is
cal cul ated every 20 partial region, the reference

i mage matching result storage section stores
simlarities between the reference i mages stored in
the reference i nage storage section and
representative three-di nensi onal object nodels stored
in the representative three-di nensi onal object node

t or age, .secti
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ik R et LT —
thé 8- AR B o E Ly S R ARG e R AR BT BE e FefEence
imggg ederatudtee itnd eanQ;e%i]%Hngeé.nage mat chi ng resul t

age section every partia egion. 56. The inmage

mat ¢ IBB”@‘P':B riﬁﬂfg%%ﬁ@&ﬁﬁggﬂggxf:ﬁn Ca!c@él@lﬁé 't%g{h\%én:%ﬂ £ image

the resu matchi ng st milaritie

meatcHin@hdth6g fuﬁ?fe‘ﬁ‘%@ﬁgﬁrkﬁngﬂplﬂ i mge and the
representative three-di nensional object nodels and

Si M hahirbé-@SmBAEIRAN obfeRt hefdRl 8BSt ARICS Y rbBRtdng
representative three-di nmensi onal object nodels are

repRkentaivdtheedinteidienalodjédt mbd4ls in tthe ré?ﬁéﬁeh@@ﬁive three-
simlarities are provided with weights on the basis

diménsiandi dhjeet piczietdesrage gbetdomsi | ariti es between the
i nput i mage and the conparison inages and the :
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The i mage matchi ng program according to claim 39,
thehefeeémeet ineagel Stovbgesectian;aniunan face. 87
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 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 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 reference image and the |
representative three-dimensional object model in the reference image
matching result storage section conducted at the reference image matching

result update step, for generating the reference three-dimensional 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 section on the basis of the similarity, and
registering 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 referencé 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 between 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 registered in the
reference three-dimensional object model storage section.

55. The image matching program according to claim 52, wherein

at fhe image matching means, 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 models stored
in the representative three-dimensional object model storage section, every
partial region, and

at the result matching means, the reference image similar to the

input image is extracted on the basis of similarities between the input
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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 ihput 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 39, wherein the

object is a human face.

87



