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DESCRI PTI ON | MAGE MATCHI NG SYSTEM USI NG _
THREE- DI MENSI ONAL OBJECT MODEL, | MAGE MATCHI NG
METHOD, AND | MAGE MATCHI NG' PROGRAM TECHNI CAL FI ELD

- The present ‘i nvention rel ates to an i mage natchi ng
system using a three-dinensi onal object nodel, an

" image matching nmethod, and an i mage natchi ng program
In particular, the present invention relates to an

i mage matching systemgapgipgIoiNretrieving a
reference image stored in a 10 database (DB) on the

IMPAE VAT GHAINGRYSTEM @ SING THREF DIMENSIONKEE)OBJECT
pi cked up under a different pose and illum nation '
MGODRI, TVOAGEANATCHINGRNYEETHODONAND THAGE MAA'(HEYE
mat chi ng program BACKGROUND ART An exanple of a -
PROGRAM i onal i mage mat chi ng systemis described in 15
Tsutada etc., "Dictionary configuration nmethod for '
di scrimnati ng per sGECHNE I EREDD of face
direction,"” The Transactions of the Institute of
El ecThe @meeentlmfremmm relatesmtb QonmmagecnatcdinEsystaoensing a
D11, Vol. J78-D-11, No. 11 (199529 pp. 1639-1649
thxeaeirlmxsmnal@bmcteepdeé s ihage matshieg mashall, and an image
techni que). As shown in FIG 26, an inmage natching

. maéslyeemr@eéeme imgardcylery the pyesgnt i%@g@l%ﬁlﬁ?%@@}%ﬂ@%e

| cl udes an i e fnut section, 10, an im t-chi ng

goﬁifsﬁ‘ﬁn Cég&g]@ reH‘P%}S‘P’&)ﬂ E%é%”‘?l%?ﬁ 1R85 é‘? Féﬁce

daﬁai%%g@%@%ﬁ%&iﬁ%‘ s T, A BRI (RIS face)
picFRL G B SEEEY B0S: 248 bR R AIACD FRCES SR

oS T hub B B PR hE RS Tor Brence | mage

storage section 70 %{@&d@mg@le i mage

regi stration section
An example of a conventional image matching system is described in

Tsutada ete., “Dictionary configuration method for discriminating person

i'ndependently of face direction,” The Transactions of the Institute of

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

No. 11 (1995), pp. 1639-1649 (hereafter referred to as first conventional
technique). As shown in FIG. 26, an image matchmg 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 matchmg system having such a
configuration operates as hereafter described.

Reference images of various objects (such as reference face images of

| persons) picked up are.pfeviously stored in the reference image storage -

section 70 by the reference image registration section 75. However,
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~reference i mages greatly change dependi ng .on the
condition. at the tinme of inmaging (conditions such-as
the pose and illum nation). Wth respect to one-
object, therefore, a plurality of (a |arge nunber of)
i'mages i maged under - various conditions are previously
stored. 5 The inmage input section 10 is inplenented by
using, for exanple, a canera. The inmaged input inage

refiyRpth R see Bl ontess e sl B bbrti b ag B Bnc of

. fromhey.,.i i ' . it b .

i GRE B bRYEch BBV 5P hAL BRI gRaoR Bl respet to onc
SL.0 cti t e g

ob IR el GBS under

: j ving the greatest
Va@iﬂrﬁe ar |1?§)/ﬁ_§fg?é?ﬁ9eﬁg%%?t%ggltéﬁdi stance) for each object.
~ Bac hI‘lie{TﬁEEgé SnpeRIcEB AN iMblemmRNté&Ye udieatfor egamiple, a

the calculation of simlarity between features and

carh$1@ . NG Atdd0mpRk ifnRge di Stora6 6n \inéenorfydlnot Maugtk&ted). The
the normalized correlation. and Euclidean distance are

imaeRlatdiinglsestibh 40 @plmares 1be sepht ina g obiteipbdfrona the
reference i mage of an object having the greatest

ima&deninpatiseytise 16ct il dachmof zefengndchen agdscolenieed fragethe

as a matching result = (or displays candidate reference
refémemge $miage tsherage seetioi G, caldelates sirhdarisiesi(bndistgyce
Anot her exanpl e of a conventional image matching

valsystamespectd® feeswreshand salegtia nefoseres inegnppymgaiticon

Lai d- Open No. 2000-322577  (hereafter referred {q as .
gregbestsimiloniterier thephardestrdigiance) for %A;biﬁﬁ- %@eil 15 ge 18

t he conventional .ima

: Bhgibiiae
repemmgo WAy STk GALESS. b ohe e IR SR R Teoen

N TR S WL
norgﬁzj-xt : nq%%@@%@%%xﬁ%ﬁéﬁ@%@h&%gnéeg%geeggéme' ?ensﬂlt display N
ool SRR S R O B R

'simsifja%li]tyaselected from amdng the reference images, as a matching result

(or displays candidate reference images in the descending order of the
simi_larity).
 Another example of a conventional image matching system is

described in Japanese Patent Application Laid-Open No. 2000-322577

(hereafter referred to as second cbnventionél 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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configuration operates as hereafter described. One or
nore representative three-di mensi onal object nodels
obt ai ned fromthe three-di mensional object node
registration section 25 are ‘5 previously stored in
“the representative three-di nensi onal object nodel
“storage section 20. As regards a partial region conmmon
to the input inmage obtained fromthe inage input

sectign I8, s eicn of LhEvEolsbee L P o0
o E PR A RS g S L WS e d ke the inpar O
con %}1{%89 : &%C&g?gsetdiﬁti’ag %ﬁrﬁogﬁé%@%ﬂ %}@?mg@ér . m

usi ng ree-di mensional o

| obttgpger(fa g'gfrgé}%]ﬂﬁteiev ﬁ%gﬁ%ﬂ?ﬂ;@?%ﬁ@%?@gﬁ&%@ lon 25 are

ron 2 gener a partia

previBESy stdrel i?"cﬁ%ére@ﬁt&ﬂ%ﬁe@-(ﬂhﬁns?&laltdlﬁed%%&lﬁ'
region is a feature 1.5 portion sueh as an eye, a

stoPASLskion TPU dredBi-dPae)Piss r¥pidReGhinbAGoaht eap Ut Bnage
point with respect to each of the inmages and the

obthiHREfgMBNSimAgd BRitaRictioftidedsd eseh bEERoreferamedamge
be taken. The partial inmge matching section 45

- obtatwabfresm theraforatsetiath dergiviagensgtionitlaithe dmfage mohhersion

i mge conversion section 35 with a partial imge of
sectianBhoforivieety Beeingrut driagegasl/oxciccrdfatease i agespatt fove
average simlarities, and selects a reference inmge

makavthagnphecomtitandsticls arithaposy cinditioas khespmetby Thiog 2

result display section 80 displays an object having

 threerdigrenatossd objeet nzoded pbtainag frame thereprarcatatiagbareeas

~a matching result. DI SCLOSURE OF I NVENTION 25 The .
dimansienalediestyaadelororaas nshiont 2k Rnddhesen genzateppartial
. problens described hereafter. First, the
mMagisve- descri bed first and second conventi onal

t echpi ques ave roblemthat .a | arge nunber o
- ref 2‘5%%@ &8s s%p% oy %C@the@@rgﬁiée@pgrlg g leature
poiot S s HRYEE, ¥305Q4R 2S00 "B S RS DERFIY Y feature

ey

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 displays an
object having the greatest similarity among the reference images, as a |
matching result. .
| DISCLOSURE OF INVENTION
The aboVe'described conventional technigques have various probfier_ns h

descriBed hereafter. o
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is gractioaly cmpossibl togprevimsly psepaesa large glum

The reason is as follows: the input image is directly
‘conpared with a 5 reference inmage; if the input.

i mage pickup condition is not restricted, therefore,
it is necessary to previously prepare reference i mages
that are close to the input image in pickup condition
in order to cope with a large nunber of pose and.
il'lum nation conditions. As a matter of fact, however,

i T bRk pe e eRePaRed Rt pd Sathd QFpRRRRRA fosbniaves

*af FESERLE AR RIS RE RS Rl G BTl g b

're%%]teg‘(?cﬁ ﬁ?%?@egg‘{ﬁm’e?%&'ml coham%@yg%ng%ﬁeéé?s@ﬂfy.i mage

nce |1 mage. 1S conver as tosquare

t he ' C t i.n : ' ' ;
Conduis Lo SER A BEbw D R (BNEAATBAIG B fared with &

| reft@%etxﬁlé fiﬁfa%eg?qme%?ht R8s bhidREPhor tiBAYs 2t kbstikRBEd, 0"

e pose argely ditféerent, therefore, distortion

the8f6360itBY nkB&ssaPPYE b%ﬂﬁuﬂ?‘-‘lﬁﬁﬁﬁré féfaferdRdmdmbthiabare
cannot be conducted correctly, resulting in a problem

clodd8f €hd Bl isth o iBrwibkepcbhditiod i Srdegity capé Witluhtlatge
square the illum nation conditions wth each other by
nufided o€ boswandillantihationardndittnmrds « agittsr adatiiboiwev2n,
- needs to be present because images are conpared in the
thavemyoinfinite qossibitifiediny thd hesecamd eitindmation echditipmesand it
have a problemthat it takes a considerabl K@I ong tine
* of images
conventional techni g_uges, the input image is conpared
asagcidted witluwariong conditsinsr ence i mages of respective
objects; 25 if _the nunber of objects .is Mand the
nunbdecopflly,dnehereeondrageensionad dpclyppuaes thesinput 1mage or
therefore, image conpari son nust be conducted at Least
the rsiremcramane 1A50BK TERY Sp S 1A SAPALS Ehrm ﬁﬁﬁﬁﬁ’t &r i

oo 08 AR 10y VLS, 2 LIRS L Do of
a tg?m@sez%l%%l%ﬁnéleégjiacet\_/n%ogelri%fn%rt esrﬁ%ﬁciieﬂ? gFth& 8'0sset 1esr1%9geizlg} a
different, therefore, distortion caused by the conversion becomes large and
matéhing 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 cdmpared in the common region.

Thirdly, the conventional techniques have a problem that it takes a
conéidéfably long time to conduct matching.

The reason is as follows® in the conventional techniques, the i_niaut-

image is compared with a plurality of reference images of respective objects;

if the number of objects is M and the hu_mber of reference images of each

~object is L, therefore, image comparison must be conducted at least LU M

times,
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the basis of an input inmage as regards i mages picked
under different pose 5 and illum nation conditions
every object, even when only a small nunber of
reference i mages are avail abl e. Another object of the
present invention is to provide an inmage matching
system an i mage matchi ng net hod, and an i mage
natching progran1that make it pOSSIb|e t o conduct

or - o it EHE: Bebs Sl iot bt P S e Mok TR#ERine

sys?éelgggﬁﬂn%%e%ﬂ&h?ﬁg GOAN Elt éﬂg %pﬁaé ostatémggn gérfhﬂghat

rence-il mage SO as e Cco

makgq{ 85@%@% tbtrefi‘?éf%glrgfetrgngé)ﬂﬂﬁg NI aedﬁﬁﬁhge Bn

n comMmmon |nages I'S resent. Anot

theo%ls?é%f%g ystaegﬁeaé ré biuémedoa %éxd&xfﬁ@eﬁﬂﬁ&%

mat c na ch I ng net

" and MRGRIBIGDEHRILPRO SR m@bt TR Wher6sH! HbmelPnumber of

conduct | mage matching "w thout al ways generating a

ref&@hbaiMapes afsavyilableber of three-di mensional objects
with respect to all objects. Still another object of

t he picthenbbjedy eNtheoprdsent npaicvonles @piovidrean 2Mage

mat chi ng system an |1 mage nmat chi ng net hod, an inmage
mataiingispgepi,cgr anugéd hadtchiigemiethpdysaidde itna ge analiching

retrieval at high speed even when a dat abase has
progedmrthat endkmiggossiinie ¢o nomduet hatgeng ovible s swhald mueeher of

regi stered therein. The present invention provides an
refénenge imagenofithregsiimensimad Hbjest medalngrithausfeondneting

image simlar to an input inmage, the_i mage matching

. ProsgasiRgySReit Ao GORpIHEEN o Jcnpu%ama@g & thgtrefeISBEHEBALE e as

I mage and, a ralit representative
to mﬂﬁ‘ééh%lpﬁ%ﬂw%qlﬁﬁﬁlle fﬁt&ié& ﬁé poisEhie tp Pndgh mgtehing
ch between the reference.image and the

evePé%ﬁ@@Wa‘fqn?l@oflﬁpé elﬁ?q@ﬁsﬁ@ﬁ Pr?ﬂﬁnéct nmodel s, and
l
o FB0ET PREGLOB B ok P B ’cﬁt"tlﬁfé“’ifget 2 ifegioen
ma ik S5t sen ot S B RePRCL LS pugep 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 iinage similar to an input image, the image 'm'at_:ching
éystem including means for niaking a match betweeri the input image and a

plurality of representative three-dimensional object models, means for
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5 of the match between the reference i nage and the
representative three- dinensional object nodels. The
i mage mat chi ng system nmay further include neans for
finding a - reference three-di nensi onal object nodel
associated with the reference image simlar to the
i nput inmage, and neans for newWy retrieving the 10
reference inage simlar to the input inmage by using

e L BRSSP P e
dinpdriati) SR mpdf s oot i der SLELGARE tha rofhremes inenee

sinfi oy e S hERAGeF 5 i b U RS b R Hetmeop the igput
im%%ﬁ%%@?#% 5&5@%@1—.{%&5 Eﬂ}gé-d%lehgﬁé{a?%ﬁga%?@de@gﬁd BYresult

I'nput "1 nage an erence | mage

“of tggjﬁaﬁhm@;%%fmh% ggage ahﬁrti%'r‘ébi‘%éﬂrtg 3k three-

ect nmeans etrieving the reference

ind Sliahsgeivi th the input inmage by making a
di éi?%ﬁn%ﬁﬁﬁ Lo

- ma etween the input inmage and reference i mage '
squaredihAgé RRHER BRIt @Nmag Furthed ihfle deBegndRirditidiag a
system the conversion means may previously convert

refdfd@cé ehRjcedinge1BAE] olABEt 1B adel fssotiatarpuiitic oel réfeesnoef
the input image with that of the reference i mage. The

imd geag enibmt tohibednpys ieacepynd nodamcfor megdy irefidvingahs
for inputting the input inmage, a representative

reférenee imliage ssndaalo db¢ acpunmdete BS using tperefexdricerthier
storing a plurality of representative '

- dintdusgenaliobgersirondd] ansbflecinpmbdeiage. | nage generat i on

means for generating at |east one conparison inage _, '
cl odkhd impgpmatebing sistemtpay Harthepincludageeanefoy inding a
representative three-di mensi onal object nodel on the -
refeygnipe thyeer glanensipralehiediimodel ansesageh@ith Blh%refgb?@@t
nodel s, st or %d in the representative three-dinensional

imag; Wevlar@dihednpra JB 288 ctONTRTSIPRABLANRICE HIING TS HR I
conGERAP BF LR Ao B SRR EE ST IEON I8P PR EoRTRiGe
the %B%% %582 BRI the R ES EhEd %n%g%)ﬁi {léBasis 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 _i'nput 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 mpdel |
storage seci_;ion' forj storing a plurality of representative lthree-dimensior_ia_l' "
_dbject models, image generation means for generating ét least one |

comparison image close in input condition to the input image every

6




S|n1lar|ty mnth respect to conparison |nages
associated with each representative three- dlnen3|ona
obj ect nmodel, and regarding the maxi mum simlarity as
a simlarity between the input inmge and the
representative three-di nmensional object nodel, a
reference i mage storage section for 10. storing the
reference i mges of objects, a reference inage

redigitabivel BEes BimBhRonAEoMer bneneb Sh ibe dasBibs ke i »

I P P

thrsg‘lz{lgfé%@{o% g%%éecla fn?c?deql g%ggl!lox? qfngé e ‘38{1 g%g{x%%for

mat C neans ra C
L P LA B RO o
SR SR TR AR,

smﬁla{'ﬁiya'&iﬂ}i RpL&l @My zﬂ‘i‘sorf BhEEQEROLTREE svitldatine
representati ve t hr ee-'di nensi onal object nodels stored

N repr8sditativeftBienainbAFEaNEHjEE RO dEE S d repl@fid@ethe maximum
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section. 20. The image matching system may further

similatitides & Riadaditpbasvenathe 0 ecimamdehd thgirSpreathtative

nmeans for registering representative three-
thrdé emeneivalal objeet incdedied sefererdeantapr soemgasdcion for
t hr ee- di nensi onal object nodel storage section,
storiageiheneferenng emages of slgectona refemenéoimage nsitehingresult
reference images in the reference image storage

- storzgst seshionalod starieg eheidarisiee betiwecn thgzefenence images stored

~ representative three-di nensi onal object nodel newy 25
in thesgpderemee inage séengse sapiden endagnredentatizndhrag -dgnénsional
calculation of the simlarities using the
oba@ﬁ;:t@ﬁdeﬂg steepdsin e T&Pé%‘i%’itﬁ%i’? Shresy dﬁnwn&n@ueﬁymodel

i stration, e re resentatjve

stoygy calif)ﬁleﬁgri&ﬁavﬂ n%ﬁc s Tpg exgcting thg referenee
N
inppf $rieh 2 The RaCTararER et e ARL AT AT e @gﬁ?gn o
cal (B FHEIATERaLTRIS ARG Bt WA ARANA:BL R AR S

refd/TRYE iﬁr@ggg LRg th@sr%fesentatwe 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 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




10

15

.20

25

storage section. In the image matchi ng system the

i mge matching neans may calculate a simlarity

bet ween the input i mage and a representative three- 10
di mensi onal object nodel every partial region, the
reference i mage matching result storage section may"
store simlarities between the reference i mages

stored in the reference i nage storage section and

T R e

i Ve ree- nsi ona
R R e S
m B Bech B b DB PR i 086l segseration

méﬁg 615 t%x&%wt {¥r&@ncs Eﬂi%?é 1 9Radis QbR GhH tAPYefeSence image

calcul ate y the image matching neans every partial

stdr@gk Qctdidb§ ithb haferbh&Sirkes strBfioh&he4 @) G d ARHEE o -
and the representative three-dinmensional object .

- reditlel the &dledRidnntol Reultefifhe Geferdfcd AgEe MRiteRinRresult

result storage section every partial region. In the
storag@eedtidrchi ng system the result matching neans nmay

calculate simlarities between simlarities between

t he Imphd impggenasolingeystemp tlhs anhge nvatching means may

t hr ee- di nensi onal object nodels and simlarities
calpulate ersittilan gf katerees thedgput amdge hadreprmasemiativechree-

t hree-di nensi onal object nodels, 25 and in the

dirgengional ohjactmodebevartiwarsiad regian, tharefaranceamagermatching

- wei'ghts on the basis of candidate precedence of )
resgilivfloange pedlyeMATETHOThEmIkOtes hageeahthe prference images
son,images and the representative

. co _ari'3| -
storpl g the FRISEPRIRIMAEH HOraghBRAtON an repregentadiverihtge:

B N N R T -
oG S5 TR PRLSESTGERCPHLAR S S0 BB ARl

meg R BB BR R Rl R b B Wbl Bt

baér,]imggg ?ingiggﬁigsg%@ﬁgé% Eﬁ?%@&t {08 &2 TROSEARRLn AR R  three-
dimensional object models calculated by the image matching means every
partial region and similarities between the reference images and the -
representative three-dimensional object models, stored in the reference
image _matchiﬁg result storage section every partial region.

In the image matching system, the resulf matching means may
calculate similarities between similarities between the input image and the
representative threé-dimensional object models and similarities between the

reference images and the representative three-dimensional obj'ect models,

and in the calculation provide the i‘e_sultant similarities with weights on the

basis of candidate precedence of sim_ilarities between the input image and
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representative three-di nensi onal object nodels stored
in the representative 10 three-di nensi onal object

nodel storage section, inage matching neans for
calculating a simlarity between the input inmage and
each of the conparison ' inmages generated by the inmage
generation neans, selecting a maxinmum simlarity with
respect to conparison inmages associated with each

] SRR T OO P e
?ﬁ ween the input image and the representative
mo ee-di nensi onal object nodel, a reference inage :
¢ . . : . ‘. .
ob CIHE ARG Pl P BEL IR LA o
_ o ‘. . i Lari L _
mpstﬁﬁh'ggdﬁgtlopgg hﬁ%ﬁ@,?% §éﬁ?eféﬁt&tix?esﬂﬁgé ‘ﬂ%glt%néfbgla‘i SBJ%{cfE %%cﬁiel

I mag e rererence | mage orage secC

' stoRhih EERIESSRAHNE al 1 LesTE &pﬁ)&@gbﬂga%@e QRF&E ing%?sglg?a

stored in the representati've ree-dl nensi ona

objBRd@bdeR! %ﬁﬁ@ g8REHFth sy fbr BBAGRILAGE JERASE bi9¢
extracting the reference irmage simlar to the input

~ cothPREEoO kb BE clasiif igpusbdidigibhttoghe hebWeRAaEHevémput

i mage and the representative three-di nensional object

repregaitativalthuatddeyionthebjesba@dobse bhe baswasfshand
simlarities between the reference inages 25 and the

‘repreguvaacint ghrecedirherdodahelineciomald e lshjterdd notded mpsteosmwdtive

in the reference i mage matching result storage
threecliinensional ebpce nuele] bteagdisrensh,dnelgeobpbédtingodedns for

storage section for storing reference three ]
calefilabing opianilatifebetwasdethe Bpyddimagedand each ofthe comparison

reference inmages stored in the reference inmage

imagesrgegeratad: hotie baagngereadongasanst sedectmmagnasmum

taining reference three-djnensi onal. object, nodel s

. Q
- simjlagdls; WHAdeRPedt torcompaiva Imagrssasseeiaied Bath P t he

resul t . hi nqg. neans, iramthe r ef.er enc

re DR G S HeRHpRg Obiﬁafemoglglo@&defegaﬁfﬁngﬁheaﬁaﬁmum
s OS5 84 Rl SRE SO oEF L SPRA L0 AT
g e R A B TR R et
o0 SR VDA A08 L, RGP rsul
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-
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10 second conpari son i nages generated by the second
I mage generation nmeans, selecting a maxi mum -
simlarity fromanong second conpari son i mges
associated with each of the reference

t hree- di nensi onal object nodels, and regarding the
meximumsimlarity as a simlarity between the input
i mage and the reference three-di nensional object

R ) del . .The i t.chi ) f h i.ncl ud )
- dippngonal chifewedf Rsracated ol the i fericei Bedts Stareddp

regi steri.ng representat.i ve three-di nensional objec
the e s PhEElelbiohy setrd ol e Bon Sour o
ob Tk PO copaS oL ALER R of B} 3 bt o

ering rereren

vo e ot et TRl P AT (6 Eoo e m R AR ok B
refgrgs%ﬂé‘ﬁl tareQRiAEndiBAAP b%kﬁﬁo&l’eﬁto&lﬁgé‘ dedthth, 'rag;ﬂé%enerating at

ing neans, on a Ination of a’refér | mage
Jea@P \%né seéid &8R4 ALY BnkBE @RsE i HBABLP RGN ditBastheR st

newy generated by registration,”when a new _
imASPEPSENeBreYiBe thFc2ed igh smIshHNsHje @0in6aE1 sWEled bhSis of the
registered in the representative three-di nensional

| obtabhet refoRdRk thirer-ddaecRGiosat bbjest Modehs and second image

t hr ee- di nensi onal object nodel registration neans, or

- mawklemgane aesvforedadndatia g simdnrities bgivatoar @ input image a1_1d

reference i mage storage section by the reference
sedond @enyegi sy mages gerenatedbyl the decundoimesa penafatiomemeans,
- 10 calculation to results in the reference i nage

selpeting argaxisswin sistitarityefremcainong seeeretl comparison images

t hr ee- di nensi onal obj ect nodel generation neans
assogitenh Siitte eaeh of iy raferancetbaee-dimpnsional ohiepempdels, and

the reference image and the representative . o
regeglmg derpazipam Sepiaaty apadimilariiydetwrendhednpyhjpage

and dhareieutieruges HEERPRGR PRESH Bdida o moans. f or
ti th f ce, t - di [ ._obj ect .
moderBaLBaer Hudnue Rasr e oI THas LB DS GRS Abifgt
t,h tati th - di ' | bj ect del s.
modebrei Rt Aats s e aReibs Ve FRPIERIENS Fites igfuiional
ob{IRCEb A1 AEABE rEEHeRR 0o LR BRSNSk Tub A difrae

~ 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 'méans, or when a
- ~niew 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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10 registering the generated reference _ B

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

t hr ee- di mensi onal obj ect nodel storage section. In the

i mge matchi ng system the three-di nensional object

nodel generation neans nmay generate a reference
. three-di nensi onal object nodel associated with each

reference i mage by conbi ning representative three 15
caldilRI NRlsuPR iﬁ%he%ﬁe%ﬁc@hﬁéé? niap;cfl fe%%ﬁf%%éé bdfion,

nal . obj-ect no stora very

t hree-dinensi o € sectlon

_' anBahidAlinh &Hi9Ra] &ﬁeéﬁlﬁo@@ﬁ%&e‘iﬁ?ﬁh%éﬁé FonsRRLQ ned

every partial regi'on between reference 1 nmages stored

rediftrbfien of &f SHARGEy HERGR A tAE AR r8RES 1R9eEBHd the |
representative three-di nensional object nodels stored

 reproséttativephesedinbh¥ent helectindepio i rabiad irpds)

storage 20 section, and register the generated

matefiiapanseltisioegedicrtionicondhcteld] i8cthdRdetenceAnidde matching
ref erence three-di nensi onal object nodel storage

ressiéictupdate theahddor gagerathtctliowpfopsicethrédidimengienal object
mat chi ng neans may calculate a simlarity between the

~ modabassociadgd watll the refpresennzge/iey tdémbmidgribesiepnedentative

obj ect nodel every partial region, the reference inmage

thregidémiengional objsstimodslvstaged se the vepreagnisttivesthree-

.simlarities between the reference inmages stored in
dimepsionalabiert enpdrlgdorgsreegtion e therbamelof the siseiharity,vad
"~ three- dinmensional qbject nodels stored in the )
regiigrpgdne feneaterieteignae haresidimensiong lhyeetonedel in the
stora [ region, and the result

' section, ever arti al
ref%ﬁfl&ﬁi%ﬁbee' GrsioRzl e dtapotel orasecrashon- | mage

simar t.o the i nput i nage on the sis of . '
Si mfrnaaiihetlpeaﬁ%’@?\‘}\‘g‘b‘ﬂgtsﬁé%nﬁ’p ﬁ%ﬁﬁa‘ﬁ%ﬁmm@l object model
i£ct nbde

gen{%ﬁ@ﬁﬁ%{f e%{%ﬁ;l%?}%%l%ﬁ%tﬁgé grgtgie%ﬁ) ngtlhﬁggjrq%mgyﬁmall fgbj ect model
ase el P AL RO Rl Tl SR Pt B L BEE,

- Qind DRSS oBiRE G ddls Efel hhE %ﬁres%e%%ﬁ%?ﬁ%ﬁ%@éﬂﬂ

storage section every partial Teg

-_objé@ﬁﬁ@él%t%?s@btibﬁ%vé PhitiaBldet 'nlflgnf‘ﬁ?e”ﬁa ¥f similarities

calculate simlarities ‘between si llariti es between

- obthiiRd ey phFREErétien bBfween 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 register the generated reference three-dimensional object model

in the reference three-dimensional object model storage gection.
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

1




10 representative three-di mensi onal object nodels and
simlarities between the reference images and the
representative three-di mensional object nodels, and
in the calculation, provide the resultant simlarities
with weights on the basis of candi date precedence of
simlarities between the input inmage and the

conpari son i mages and the representative

oS TR R R B T

e L L LR

bafl R BRBLANR LIRS0 TPNRLE08L AR SEbr IRARL S thpoe
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|
-and imfhe ealcutationipnosife the yesp

e generati gen one
o A A 805 G0 BP P SASHL A s Oty

pa{fﬁ@?ggﬁﬁl Eﬂﬂ_smgliﬁ%:g{s ﬁé%%e@légP@%@fgr@ﬁ%é’ fiﬁag%seand the

I Mensi on ect no S store

_reﬂr@@érﬁ%%%%r@&diﬁ@hﬁﬁnﬁl BBfeet Akl ORESRH ADgR! refd@hAgE

section, inmage matching neans for "calculating a

im8&gdidaathing RELIESBrd Aesdohiopt eveipgarantiredeh. of the
conparison 25 images generated by the inmage generation
meanks tlgelmagé AthtahimxdyEems thd Fasult ynatchihg £2RAE AP
conpari son i mages associated with each representative

calthilage sthhiterisiesiatwebh athilapidads, beandenaparidpagimhge and the
maxi mum 12 simlarity as a simlarity between the

repregarntativaghresrdimbnesionpt ebjent moidels andsoeildritesdiedwaen the
obj ect nodel , a reference image storage section for

refetemce ngpaghe amelf hrearepaesemdgtive dhrashilisnensional efjeciomodels,

i'mage matching result storagqte1 section for stori_n%
ahetmilpsijies withreeights pm the
t.he reference i nage storage sectjon and representative
bagip pEeanilidate Perrerenehpesmlpides betwpay the1nmy image and
representative three:di nensi onal ohject, .nodel . storage
thecompson uaages ARt Ehe KEPTRESREY G a@fﬁfﬁ'rdae%%wl%aﬁ@ jec

re&erence image simlar to the input inmge on the
mofelSi s of sinilarities between the input image and the

PR AL e P BBl 181 Y 58 Bl Smeans for

inputting the input image, a representative three-dimensional object model
storage section for storing a plurality of representative three-dimensional

object models, image generation means for generating at least one

comparison image close in input condition to the input image every
R 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
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10 the inmage matching nmeans and simlarities between

the reference images and the representative

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

reference i mage matching result storage section, a

reference three- dinensional object nodel storage

section for storing reference three - di nensional

obj ect nodels associated with the reference inages
ecti

i QE b H@i}?ﬂg 311 HeAReoP dhe SBb UL HEAGD ApariDe éﬁ%esentatwe
t hr e-di msn nal del s associ
thrresf Fiastbhoass Sotdich el TEnd: fRRES bkfes Shdby for

ee di_ nensi onal

stofB e AP0 SaleeS T BB els it e e B i et

.StO&'Q? > ac‘{%POEIt %?%ﬁngg P%Qg{?sq;ettmgn tﬁfe%ré%}gxgcé @g{fes stored

I'ng nmea

in GRIWEELd ﬁtpat ol é%BfH o é&ﬁ%ﬂ%ﬁpr&Egntra%{V%rtﬁE&?ghﬂgﬂﬁonal

extracte 't mat g neans, on t

obj8kt dﬁlﬁﬁe&bétéfélﬁﬁl thé Féﬁ”e@é&%tfv'@%ﬁ?e&'d‘iﬁ@ﬁéi%ﬂﬁi o&@b‘(ieﬁfodel

and generating partial inages respective

stol Al sdtRidh, rBRUe n@ﬁ\!éhiﬁgenie%@rfsﬁeﬁtﬁaﬁﬁﬁg the lf@fe@éinéehmage
input condition with each other, and partial inmage

sintiBCld 1he ian Imiae orotelbatis Bﬂsﬁﬁll@nﬁbmbbaﬁeéxytmm@mn

the partial. image of the input inmge and the parti al
imageaged ehe trbprerseﬁeat&em&ne@atmemnﬁmm@bchyn@das caotated by
conversion neans. 13 The i mage mat chi ng system nmay:
thef 1om 4 geem aitcleingdacbhs anddimilasitosdbe twalendbe efidehce images
regi stration neans for registering representative
and bhepepredemrisicotiake vbjrensionad ebgct maededs stored in the
representative three-di nensional object nodel storage
refersmick dmageahetaing resitly storege seetaon.ohreferanceftbree-
_registering 5 reference images in the reference inage
dimzgnsvienal chieeti wadelstarags wactigador ﬁmg@g eferenaedbreesul t

updat e ans for conduct i atjion of the
dméemﬁl@%aﬁs%@ meslelg aspecip w%a@w%rwah@agsﬁ stpred in

 therypseRgs h&%g?%ﬁ%agé%fegégﬂﬁﬁia%s@?@w@gloﬁéﬁ%f b gunifg
t wh tatl
refpcd Al 'ﬁ%mﬁﬂa e BB B Rkt it ferenen images

exths Eﬁ%rent b rgsueregtc?fm rr‘r:?éa%%aho%?ltﬁe reference three-

dimensional object model storage section, squaring an input condition of the
input image with that of the reference image extfacted by the result
matching means by cdnverting the input image and/or the reference image
extracted by the result matching means, bn the basis of the obtained..
reference three-dimensional object models, and generéting ﬁartial images
respectively of thé input image and the reference image squared in input
éondifion 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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nodel storage section by the three-di nensional object
nodel registration nmeans, or when a reference imge

is registered in the reference i mage storage section

by the reference i mage registration neans, and addi ng

- a result of the calculation to results in the-

reference image matching result 15 storage section,

and t hree-di nensi onal object nodel generation means
eSS kfh d:Onh RASE SPIRT ubly, Ruhal hRLLdY uRELURER A5l

i
1
reference e an erep

ol 86 950 1ok AOASE TRl Mt B0 PO
- dith8hSLRAFEbieFRERd tiﬁ%%epﬁss?éﬂtgtf&e‘%ﬁ}&-&@%ﬁl@%sioﬁgf ofject
obj ec

generating the reference ree-di nensi ona

mdMR¥8torags Q6138:8 e Mrbhcd ﬁﬁaé@ fr@éi%ﬁ%%idlﬁﬁgﬁng’%lc@(%%tg}ﬁ%

the representative three-di nehsional object np

refBfi @A Akdsl8 theRERTEAbAIh Yo bIH1AGe sE-tTIRN SIRNAlfe e Ct
nodel storage section on the basis of the simlarity,

image mdteBlrsd Afsuligup dete dROLA ARG IRREIRRGRIculation of the -
t hr ee- di nensi onal object nodel in the reference

sint i tied usbns tionah a gbjredthimpdakaft arageosdihatdtn 0. 10

the i mage mat chi ng system the three-di nensi onal
refotyreetimmgdednd genpreathtative thns:endiyn ayesimiad tobject model newly
ref erence three-di nensi onal object nbdel associated
gengrabed by registeatens avliarag echy represtitaitivg theee-dsmptsivinad
three 14 di nensi onal object nodels stored in the

objeetpmedehisatagiateras wethi represaartativedbirec timensibnst objage

ection every partial region, on the basis

| f
mogehpiozage peetlorpby ah%@ére@@mﬁrpﬁa@malambngn@@é@@gmwion_

reference irra‘%es stored i.n the rgf,eﬁigce I mage,
megngy HWhend FERreaIsa 1age ds spgistered infheaefirapea iBaGe

StOP R EETRG Pl B e i B A B SRS dictdise g dding 2
resy b B astaReBRR RS B BRE B Bro et LR result
B N
resﬁbﬁéilvertbtr¥g%%%a\@?ﬁ%ftez{_@ifgﬂ§ﬂ%ibgagge foforence image and

epresent a nsi onal oObDj eCct nNo

' theSpL¥sdRhtivelthF &I RendiffaT §j8LERCRT PER ML SHNEImage

matching result storage section conducted by the reference image matchirig
result update means, for generating the reference three-dimensional object

model associated with the reference image by combining the representative

- three-dimensional objéct models stored in the representative three- |

dimensional object model storage section on the basis of the sim'ﬂarity, 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-dimens_'ional 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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result storage section may store simlarities between
the reference imges stored in the reference inmage
st.orage section and representative three- dinensional
obj ect nodels stored in the representative

t hr ee- di nensi onal obj ect npdel storage section, every
partial region, and the result matching .15 neans may
extract the reference inmage simlar to the input inage

i St R P e
R PR L TR D
oh RGeS B S Bk S L EERSLgRaIn O o

refbRSiHetlinldar A6 28ELtiBR BVEFH1B ﬂﬂaﬁvertﬁgéélﬁimbﬂsihﬁﬁl object

i mge matching system the result matching neans may.
moddlCeto PirbtHB FeprbidRatRAINPESN dBhBhLidhhT bERPRIOMREBtorage
the input inmage and the representative

sectione andirgpiséotial gatiracdd ratdediceahdle S Uk AtiohkEShject model
between the reference inages and the representative

~ in tHe edferendt threi-dinad nbn gleébjestdabde]l bragesddiidnhe

cal cul ation, provide the resultant simlarities with
wei ght theainhage tmiadchingsiysteoh, tenihi ggd majckeoedanans ofay
simlarities between the input inage and 15 the

- calewlape pissonlaritidetweaen théénpepiresgmand iaviepresentative three-

. three-di nensi onal object nodels. matching. 25 A _
dimenserplabiecstmodeliavary naréakragion themgéoneane beage matching

~ retrieved at, high In the image matching system the
resgﬁi

derageesechenanay storerdmalarieschrtavasy the referepce dmages
i-nvention,, effects described hereafter are 5,
storgd iy tasrefarence dmagebekass SePUAB A Nsrans e e threa;

Ainf sl oipoct el biggRe Incm e pbregkihva hipect ik ripal

tion condi n arefe

~ obiB S Bt PR Ol SO Fe G obe b B SBE S S pehing

meh i {6 GErh IR RFerBntl Aol YIRAE 2 thE LSS S5 age on the
basis of similarities between the input image and the representative three-

dimensional object models calculated by the image. matching means every

partial region and similarities between the reference images and the

representative three-dimensional object models, stored in the reference

image matching result storage section every partial region.

In the image matching system, the result matching means may
calculate 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 modéls,

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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10 i mages are present. Furthernore, matching can. be
~conducted with a small nunber of reference i mages of "’
t hr ee- di nensi onal obj.ect nodels, without conducting
processi ng such as converting the input inmage or the.
reference image so as to make their poses coincide

wWith each other. In addition, matching can be
conducted even if a region common to the inmages is not

T T

ber of three-di mensional object nodels for every
object. The reason is that a reference image is
retri i ' e f | :
o PRURE gt SRR Ds oM bl LAY Gguthtee,
di reAstrdBhg BPLIRChrdRE e SvaMtidh, @ et dscPibe G RE Ay are
bet ween reference i mages and representative :
achibt-e@- di mensi onal obj ect nodels. The reason is also
that a reference three-di nensi onal object nodel is
geneAdied effgct wlirbiot g deepitRsie WRhiréSpect to an input image
t hr ee- di nensi onal object nodels and subjected to spee
of aw bhjecepirdet] Wpouadet aplifferomdapud boddiciohaasbmd & diffiatent
mat chi ng of representative three.- dinensional object
posepied Hllmssatitranonditionbd ecfesence iemrgiudithe santk bbhjegecan be
matching is . conducted by using the cal cul ati on of

- retgiefpd.agvenyif only hee meferémsegmazudt a sedhnuwtten of reference

. conducting matching with a reference three-di nensional
imagsce prsdent. Furthemaonse matehing eavbagondgttediwmithar smpll

are eigtr cted by usi q,g representative )
nugphes et g egmagestit dbreqiduaersionabiohipetmede s mithatt

- hi g@ precedence ckgndi dates. with reference
COI‘[EH% BHIEFRSIA SNC B SERVERSHE the P Ukt dmdger theprfaence
DESCRI PTI ON.OF . DRAW NGS 10 '

) RAW 10.FIG. 1 is bl k di
e i TR BN BOTog ogteiah Wifthgach AR g Id S

di ment of the esent

mafBk e Al TR R ePmet i bl o arers isnot

preggﬂﬁl lﬁ{r@ﬂeﬂﬁoﬁeﬁ efmtaigg%ﬁching 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

r_e_sult 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.

16




matching in a first enbodinment; FIG 3 is a diagram
showi ng a concrete exanple of a representative . 15
t hr ee- di nensi-onal object nodel in a first enbodi nent;
FIG 4 is a diagram show ng concrete exanples of a
reference image in a first enbodinent; FIG- 5is a
di agram showi ng a concrete exanple of a reference
image matching result in a first enbodinent; 20 FIG

6 is di agram,showi ng, a copcrete ex | e of .an i nput
| magbhe REAS S (BAT SEGHN R TeREPRSTUALE threr dPnaRsional

 obiBRCHoRR 8 AR R B Pna i B en BB i

10

15

20 -

o BB ENEbAeFIETRL 6 A TR Sovn
whEAbhGHEAN: Ala@hi A0 if1P0 G fdiBRE NG M AL A6A Ul RSnodel,

secon € present I nve

roffibrlch ek € Mo bl O PR L I LR 2 ol o

reprBsénta BiY8NHr&TRRALABBhAL 01535& mbdlelsS aﬁdfthg}‘l’ lﬁafe}ﬁn of high

show ng operation conducted at the tinme of reference
precBRGce’ @RS ARk iveiih ire fede AEE SV o TRRHIBHHT obfd Bmodes i$

a di agram showi ng a concrete exanple of a matching
condestdd. of a three-di nensi onal object nodel registered

in a second 10 enbodinment; FIG 13 is a diagram

showi ng a c@BRIBFDEIARIPTION QRIDRAWINGSr ef er ence

i mage matching result in a second enbodinent; FIG 14

i s aldi.agiscarbbebvdingramchneriat @ eofigpiretiof of amahedgeng

result of a registered reference imge in a second '

- matcHiogisyetem aFt@dinste 8 firstieadodimshbof the present itemtion;

exanpl e of update of a ) )
1G. 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 first embodiment;

FIG.5isa diagram showing a concrete example of a reference image
matching result in a ﬁrét embodiment; |

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

FIG. 7 1s a diagram showing a concrete example of an inpﬁt- image

o ‘matching result in a first embodiment;

25

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

in a first embodiment;
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reference inmuge matching result in a second
enbodiment; FIG 16 is a block di agram show ng .a
configuration of an imge natching system according
to a third enbodi nent of the present invention; FIG
17 is a flow chart show ng operation conducted at the
time of 20 matching in a third enbodinent;. FIG 18
i's a diagram showi ng concrete exanples of a reference

iy SR R o e B
Sl e SRORIERGY FRohERRaditieRy b mevaens

. guration of an image matching system according to
m‘%ﬁ%’ﬁ?th enbodi nent of the . present invention; FIG

21,1010 0208 Ot - BO0SAT SRATHERSE 5 e o

time o nensi onal regr

| thieB-Bnlidi s PRl é;reg'lesgrat?(%ﬁ ihrf‘a %efzéﬂﬁ’\’?ﬁﬂ%ﬁgmem;

--show ng operation conduc at- the tine o rererence

| TRORIGEY] $ & TokwPthdr? shok@HE b e AR LB ot F LBt Birhs of

a bl ock diagram showi ng a configuration of an inage

refRineBii At BB ERAT A6 (W h G cbid anflioliBegtbodi nent of the
present invention;, FIG 24 is a flow chart show ng -

oper BiG .ol oadimirash showher 4 icoBerete ef@ingl 6Pa miatRhing
fifth embodinment; FIG 25 is a block diagram show ng a
resubindfi ay thmet dimeofsi@mliobjee mddelrebiihéreg Sys t€dond
according to a sixth enbodi nent of the present
emppdigmenton; FIG 26 is a bl ock di agram showi ng a
configuration of an image matching system according
to af ?(?r-rbi 1o flagraim s wingth npgerete Ex@Bnphyof spdate of a
di agram showi ng, a concrete exanpl e _of coordinates of a
refenenge Image Matshing sefwtin asgeond edbpdaners is a bl ock

di a showi ng a configuration of an inage matching
sys?}'éﬁr-] Bray H}?@rﬁal Ql%m ceRHoEnexTRRle ol mAtghing

re_sgﬂgcg;{ }%ﬂi&%g%c? B%egé&%ri%&rggsehi%vgg co%dchgg(r)gitxger?t);(anpl e of
FIG.151is a diagrém showing a concrete example of update of a
reference image matching result.in a second embodiment;
FIG.. 16 is .a block diagram showinrg 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. 18 is 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 thé present invention;
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- of a second conventional technique. BEST MODE FOR -
CARRYI NG QUT THE | NVENTI ON 20 Hereafter, enbodi nents
of the present invention will be described in detail
with reference to the drawings. Wth reference to.FIG

-1, an image matching systemaccording to a first
enbodi ment of the present invention includes an inage
i nput section 10, an inmmge generation section 30, an

seot P 66,0 & DL Ghefhtiiaf ERtlion ol b ime of
i B AL i b SRR B paimony
50, T1OReBIERdReROR TRMIBEIRLRRNY oMb B HG RELAL of
o e e

Cont FRANSS s KDL AR ARINOIRG o QS GELratRACeS o ROAEE

section 20. The di nmensi ect npde

‘mdigh s8Rt dRYrdinke a fifh 2XFERMEntdfIhe present invention;

t hr ee- di nensi onal sShape neasurenent apparatus
descFl@ied4 i a Jhpaokse shodtifBlopbPatidie abh@tctbadiad 0 ehme of
No. 2001-12925 or an apparatus that reconstructs a

mdtbhig it aiifidi emdbdhems from a plurality of inages
picked up with a |arge nunber of canmeras and that is
descFIGe#5 ina bigrdndingr dat dmtwindpptdrdfahiranionaifhCheage
No. 9-91436. 10 As shown in FIG. 27, the

mathhieg sjishensicoomling bp actixtipeimbotiasent shitpepie@ent inyention;

and a texture TQR, G B) .in a three-dinensional space

(x, HIG. 2§ is ableok dlageem showinge, candigurbbiomenfiaomimage
__represents an index of a point on the object surface,
matplingaistasp divaerding o 6rlansh geecenifonalderhnioges, t) |
‘obtajped by projecting a point on the object surface
ont gﬁﬁs%%é% %%é%ﬁtaéﬁl shewingasenanste rrample ef cordinates of a

oA B o Y e
A T BB P B et

- matching system according to a second conventional technique; and

FIG. 29 is a diagram showirig a concrete example of a partial region
of & 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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~ conputer graphics, and a basic inage group is derived-
by conducting principal -conponent analysis on the CG
i mages for |learning. 20 The i mage generation section
30 generates a plurality of conparison imges close
inillumnation condition to an i nput inmage obtained

- fromthe image input. section 10, while supposing a

pose condition on the basis of -a representative

threg-di nensi.onal, obj ect nodel, gbtained.froamth .
 opr BEBHIERTYATS 88 Bt rrer il ot raselh (i o dimengional
ect i . re..the 25 .generatiopn of the cgnparison, . .
shaif iGs oF Brriree o RO RD AT B iR RstaR
o N | i N
in (PR B8 AT TR STRAREA 8o BRHE MR RS, ARFon 20, The
thnSB. R Ploct MoRIPRIRES, RARTtEY TP Rote, 1 APlarle. =
thibBaBnens WA 1%h§§5'ﬁ9 _s%ﬂeﬁ%ntt%p Etﬁshtfeslg%i'ﬂ%arin%%]a‘i’lfese
the basic images subjected to”"the coordinate
Pate@R V& s1i@Ri il RSR-0eh Mo | UV 129P06r ah a{pﬁ%'ﬂé?h&%aftor
generating a conparison image close to the input 5
recbABiGactd § thideedinhd1egosk INgeOah PPhaclitiedehakss picked up
described in, for exanple, "Face matching using
withud bomglel turaber efddmerefaibthiat isl destribed on Japadbiéd PAtent
and pose," Technical Report of the Institute of
Appliedtiomw hiacd Oplenf Non@iSildB6and Conmuni cati on Engi neers,
Vol . 101, No. 524, PRMU2001-153-175 (2001), pp.
59- 64s showttie FIth @Y, the thigegdiseen siomaldthjedttnpdelesad he
pose by conparing the input inmage obtained fromthe
sha %, fipot andattesire(TalR, K ,d3kin @thresodimeersional spagedx, v,
obtai ned fromthe inage generation section_30, )
z) ab A omget wgrtacs iagiinirmation: Qaeprasaaty apdedexafe paint on
each of the conparison _inages,  and selecting,a .
theé@%‘%irﬁ‘-%%f:eb ARECOREaFPARAS ke Coprdinaled of pradAl &(wf@?ﬁamed

15 .each object. The jnmage neration section 30 and
by PYESCAES MATESR HhS CBIET SHF26° Rl A PRBSE A g D ound

15 _therc%.fa erregf' gersfvrincaygcﬁsth%to%ﬁgc% flrc?mtt % c%%%e%roefng%%vitrsrr?g‘gr %ltlg %)%9];?0%

of matching, CG images for learning under various illumination conditions
are previously generated by using three-dimensional object models and
computer graphics, and a basic image group. is derived by conducting
principal component anéljrsis on the CG images for learning.

The 1mage generation section 30 generates a plurality of comparison

. images close in llumination condition to an input image obtained from the

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

representative three-dimensional object model obtained from the

representative three-dimensional object model storage section 20. 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
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section 70 serving as a database (DB) that stores
reference images as the input image and natches
representative three-di nensi onal object nodels 20
stored in the representative three-dinensional object
nodel storage section 20 with each of the reference
i mges. Results obtained by the matching are
previously stored in the reference i mage matchi ng

ST [ i e T

oL TS AT LOBH sHASH SR RS e

oS AT B RRDS Lol o oot
o PR 0 S S O B oo

imggé %‘?ﬁ'ﬁj kRg tHfé%e&iélgé%élig&g@Z@Hé&taﬁbg& is-ﬁéﬁcﬁﬁéd' hl{l,hfgr example,

rsplay section an obj ect avil ng

“FLRREHing UEAR B Utdmasic %orﬂéﬁﬁiﬁﬁio@ Bolle ﬁi‘ﬁﬂlfi 4185, L6RE ion

i mges which are two-dimensional images of an object
anll 9os8,” Mchiidal %é%@x@éietlrfeeﬁisﬁtfﬁfeeéif ERctReideTgfRBERion and

I mage storage section 70. As for the reference
Coimagaiatichel Bgiadeerd) 0741301, Nbi s FRMUEDI1RDSS~175 (2001),
condition including the illumnation and pose. At
ppl Bx6d. one inmage is registered every object (retrieval
subject). A plurality of representative
t hr €€helimags inaixhing pextiom®bd ektnmtes tHOpsdeobe domparheg the
representative three-di nmensi onal object nodel storage :
inpgdaniage doaireshiroml theperagd tpwisettien l0rsithemobdifment
w || now be described in detail with reference to
corpp@isan gnages phlieuned drom she image gpheration secticme3d,i ne
of input |jnmage matching, an input image is first 15
calgpladingy supilerisy papueen Reginpicmane awl eagkepl theocqmparison
. FIG 2). fubsequ_ent ly,. the i mahqe .generation sectjon
1M agesy, aRE SRR HAMPABITON HAEE HaviPe fhe gEeafsat simylanby for

t condition such as the pose and illunm nation to

- hknpu
ea%@”? ut image,

The image generation section 80 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 representatix}e three-dimensional object model storage section
20 with eéch of the reference images. Results obtained by the matchiﬁg 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 Wi'th'th_-e'
- matching result of each reference image in'the reference im.age matching

result storage section 50, and extracts reference images having similar

Y




i.e., conmparison inmages that facilitate conpari son,
Wth respect to each of the representative '
t hr ee- di nensi onal object nodels stored in the 20
representative three-dinensi onal object nodel storage
section. 20 (step 101).. The image matchi ng section
40 finds simlarity between the input.  .inage and each
of the conparison i mges (step 102). The result

tching . section 60 c

im)arity bet weLgn
12

| I cul at es: S
- magghingrespltpgn the descending order of ?Jae PRaUATitHT The Ees

A TR SIS i B SIS o

10

15

- .20

25

- mafehing Tedy

ref.er encelﬁi mages having simlar matching results, in
ding order of the simlarity (step 103).

DRt BB PR S B bt

b SOBRYLAL BP0 4% FAULLONRALL 00,800 colht0. s or

operates escrib above W escCri

the fegféfen%mq%ggg ThebP@srd B8 r‘égﬂfid.tgﬂ{)s%i 1H2 ih?uwaj)ﬁ@ition
re g

erence mges are retrieve y conparing a result

 incPidiABitRBINGMRRAMER '&nﬁigﬁbé'e?@ﬂtleasﬁ JrEBgEs AN Ire?f‘steretdhewgery

repréesentative three-di nensional object” nodels w

objb&sbirievall siBjeet). Ng bet ween reference images and the
representative three di nensional object nodels. Even

when pialifef kepriseAtetivartige calinrsiBid] objabthrsddll are
reference i mages are present every object, therefore,

storal 81 e presageasivedhrée divensievatioethmodspetirage sattion

i nput inmage of an object picked 10 up under a
20different condition concerning the pose and

i1lum nation. The present enbodi nent has a

confGgueral pperationwf Gte firsdgenborditemit vgill mow dediastribedyn

conducting matching with representative three- -
detgilreibirefeapnebjeElGnbaaidsa fiowcthart ehpwasint A 3bj ect s

and conducting, simlarity calculatjon on the results

of tdetheakiaws t%g.npqth imagpatching, apsinnattimags is first

ossible. Since the tine taken for th imlarit
Obtgw%ﬂmﬁ%ﬂm&# lm?eﬁeaﬁcw@nr&@m 1pa 19 ﬁ“&?&- & §ﬁ%ﬁ$®ﬁaﬂys
theilphaeg'! 4 etﬁﬁ@akegﬂég%ﬁgﬁ%ﬁ ga%%@g%%%g:l:ﬂ%g@n } trhs&phe -é'ﬁ;%rsl t%\é%lare close

in t(l)tt%el{fl%h (c)ggditi'c:)%_rsuch as the pose and illumination to the input .image,

1.e., comparison images that facilitate comparison, with respect to each of

the representative three-dimensional object models stored in the

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

The .image matching section 40 finds similarity between the input
image énd each of the comparison imagés (step 102). The result maf,chi_ng
section 60 calculates a similarity between the matching result and a |
matching result of each of the reference image stored in the reference i@age
matching result storage section 50, and extracts reference images havmg |
similar matching results, in the descending order of the similarify (s_tép 108).

Finally, a reference image having high similarity is displayed (step 104).
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“exanple, if the nunber N of the representative

- three-di nensional object nodels is N= M100 where M .

is the nunber of objects (the nunber of 20 reference
i mages), then the nunber of required inmage matching
operations is L x N=L x M100 where L is the nunber
of conparison images for each representative

t hr ee- di nensi onal object nodel generated in the imge

Conali R by RAER eRBeribnab R i hd She RN BRFrapic ana

38t S Mol BV TLRE T

o . L
conoraf Ssthol i A ERGE the ol SRralic il RBA
im0 PREA A S5 150098 o 9 G BB Bmpur
imgﬁ% ﬁﬁd’fih@?lé%“é%gﬁkati@@ﬂﬁfete-d’fﬁf&‘ﬂsic%aqro%?&t?zi?&&:élg fevig}?a_xé_éu;s

wn in F , Mreference inages

of mabdhihgdReRbbN ebirohicd Hea 0 Aed %@f%n%b@ﬁﬁ@ivie%ﬂrb&
reference inmage 5 storage section 70 (A plurality of

 dimedsionaioshjectagedelRREvbE vlias6enly G2 ref@ince Hndgd@r a small

objects. In the ensuing description, however, it is
nusibep of eeferdrade iomezasafrerpansent ¢xage objocs! teedfoev erfeference

object). As shown in FIG 5, aresult (simlarity Si)
imagesvmnche refrefived aciih ebspddh o nef impan dmagradas dijeotigibked

the representative three-di nensional object 10 nodel Q

- up ugder ardifferanttdonditdte concrningmtiee pegecinid luesudtion.

storage section 50 by processing at the tinme of
r ef eklehpresenhgahosdiment fiais enconfiguration ip which image
t.chi_.ng resul é% are shown in the descending order of

mafEngiffeRgreiyd brscopdugtingapatphing stith remmesentativecthree-
R TR 5 i e obeggins,
. h i.n,.Fl G [ bt ai ped by.the i ' t
sinfifufyoilagaion dnshe feule ThiPEimAgbute (1S Thake: Prfmge

X i NneEl G4 2). Sub tly,. the.i .
I g s T N A
magégﬁgg Ereé’ﬁlt&is %Ixor%(er: i $He Hﬁl'eci%lﬁ%irn%r ‘f’fu? ?ng[ﬁ'g{a] @%tﬁggng, the

ron such as thé pose and 11l um ria
retHBPMtiMEAEDends 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 objebts (the number of
reference iniages), then the number of required image matching operdtions '
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 conve_ntibnal technique. -
Operation of the first embodiment will now be described with o

reference to FIGS. 3 to 8 which show concreté embodimen_ts.
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20 wth respect to each of the representative -
“three-dinmensional object nodels Q1, N) in the
‘representative three-dimensi onal object nodel storage

section 20 (step 101). In addition, the image matching

section 40 finds a simlarity S(1I, GKk) between the

input inage 1 (u, v) and each of the conparison imge s

25 G k( u, v) and finds a maximumsimlarity Soj-=
- maxk gl(l ver representative

t hr e8¢ %ﬁén - HiY seprespuat n@s&l@sezbzaensml object

es) Soj becone

mogat%n&@g lai,filﬁ'o | AR e rl'vttl SaomroRdstiFe thiseckimepsionsl
- ot
objgdiadf %ﬂﬁ%@%ﬁfﬂﬁ@f@ S%h@vgg‘ﬁﬂ Big- bt %@e#wﬁ?agﬁ R;
G £ o B resBNely & the Spiskll SoiGred IR oS refpirnG image
stoffitt SRR A ﬁ‘%‘%%gff Rl hddhR 58 ?”mg%eg%%f 5 Sach

- of tﬁg%eic-{@ qgsﬁ@huéo%ﬂﬁﬁhggg%@ﬁ%dﬁ&eqe& 1@%%}[)%%(1 that one

refefrence
of beln an i nage of t he
refggﬁg@g%agéﬁ 1@%1:309? SR} #bﬁﬁéct) g R an ng2 ar e -

obt %é‘ﬁ%ﬂrﬁ‘ ih I Ceis, %@e@ﬁﬂ%lmﬂﬂtﬂ%} BY) oft %t&ﬁé@ I:$B5Eh of

| mges having high simlarities dre displayed (step
thel@forenddifEgd R, ﬁéﬂ?bﬂ@fdﬁi@séf&hﬁ% t8ked- Hﬁnéhg‘ﬂohﬁI bbbt
D (Soj, Si) of the mtching result, normalized
modelr € ek atdred, inrthekrefiched ahhes ma’tbhiﬂgerésxﬂesmﬂgmectmn 50
used. The rank correlation 1s correlation of candidate
by preeesdegaeé thé tirhe of refeednsdntgeuldzistbetioni fig FItk 5, the
candi date precedence of the matching result Soj of
matdieng npritlts axgehdyyn Anjthe idesdenidingorddradf the, dilatityAds
= 2 and Ao,3 = 3 in 15 the case of the matching result
matfroak fact, Eeever, te muatchipgcresditdaney bprsé:omhmﬁleocﬁrdteh of
mat.ching result Sig of each of the reference inmages by
mOdel;-), for exanple, the Spear rmn s rank correl ati on
can:be obtai ned accordlng xpression 1 -
i (ASE 19ymnoeRe hat pp. mpﬁ tmég%i[ |V epsowal BulHei 6#“

the m.larities may be cal cul ated after
obtamedsby theaimage 1Snput sectmn ?O at the t(ijme of matchmg of the input

image (step 100 in FIG. 2). Subsequently, the image generation section 30
generates L comparison images G, v) =1, ..., N, k=1, ..., 1) 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

CiG=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,

" © Gy between the input image I(u, v) and each of the comparison images.

25

Gix(u, v), and finds a maximum similarity Soj_= maxx ST, G ev_'ei‘y'_
representative three-dimensional object model (step 102). The matching

results (similarities) So; become, for example, as shown in FIG. 7.
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20 conducting variabl e conversion on the variabl es

(such as Soj, Sij and Aoj, Aij). The simlarities may
be cal cul ated by wei ghting variables with weights

g(Aoj, Aij) based on the candi date precedence AQ]

and/or A ;. For exanple, specific gravities of high
precedence candi dates becone great by setting g(Aoj,

Ai,) _ 1/(Aoj+Aij) and replacing the simlarities Soy.
and Q13 respectively by 25 Soj/(Aoj+Aij) .and Si]

/ (Ao Wfﬁ‘ﬁt?ﬁ%tcglirfﬁ F%#m & calgy lates agimdlaaity dDiF DS, Sy)

o rep 0GR SR T BBl Pt

he present. on wll now, he descr

refhmgp DR PP P egERes HSE NP g R P FRFSSHig 50
dj h ad di f,th .
andEEBRHTIb ol e R B 4B Pt Bedoroty o Slarig gy of

thedRARNRME AR 5 SPpe W PRI P RLGAC SR 3850120, 47

mat chi n ection

| ex | 90 sﬁgwnaihrFf@.rﬁ%%eréfgﬁqﬁezé%%%g%asﬁﬁé igqﬂgﬁ%osgibﬂity

ref ef ence I'mage Tegistration (
- -l e r
o HARE B U e B0 Pyl S 0 A
obthRGIEST & él'ﬁeé@ﬁiérpﬁ‘ir?sﬁgr tﬁe'&@fe@éﬁé@ﬁnhé@&ﬁaﬂﬁfg‘%ﬁ%ﬂg
result storage section , and a reference 1 mage I0

simiRirChéNgrd Qfsgmye@qge@el@@)gtl on 55. This configuration
is obtained by adding the reference inmage
regissd thed caloubatdn ertHE of tie dihribeigi DESS Spalf thlej ect
nodel registration section 25, and the reference inage

- mahdtinpiragult esotmhalizgpbetreelaton omnb sotreldthmn, or the like can be

configuration of the first enbodinent. As to
usedofberramkscorrelationiisageretatiarhpficprelid d erp e demtenof the

the 15 second enbodi ment that are the same as those
maiohingeesyltsDenotingithe pandidase pregedenee of the batdning rwgult

The conponents added in_the Eresent -enbodi ment wi | |

So; petheenputyepgetieAvnitdellowashat dnar bijesct 2farbAos = S in
regi stration section 25 registers a new .
thecape ot Ehe &W@éﬂ%&ﬁ%@ltoﬁwé‘fmrbhéﬁ- dbPeaptingsapdidate

- thyee-di.nensional 20 shape,of .an, objegt and.,a texture
preggilenig of EF% @eafgﬁmwéﬁﬁ & 9%@%%@@&#%8% ifiages by Ay

for example, the Spéarman’s rank correlation can be obtained according to
the expression 1 - 62 (Ao A2/ {N(N2-1)}.
In the similarity calculation, the similarities may be calculated after

conducting variable conversion on the variables (such as S;, Sy and Agj, Ay).

- The similarities may be calculated by weighting variables with weights g(Au,
Ajj) 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/(Ag+A;;) and replacing the similarities Soj and S; respectively by
ISOj/(AOj"E_'Ai'j) and S /(A0j+Aij). The similarities méy be calculated w_i_th low

precedence candidates excluded.
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t hree- di nensional object nodel storage section 20.
When at the tine of registration a representative
t hree- di nensi onal object nodel is registered in the
representative three-di nensional object nodel storage
section 20 by the three-dinensional object nodel 25,
and 25 when a reference inage is registered in the
reference i nage storage section 70 by the reference
ion 75, ref erepce i

¢ AP B3 S8 erOinE Ce Briacerd mkoatRAgS of the
oG S il 2l B B PR SeBacs S HUER ptaerS An

iRl S ORGS0 3560 0PG4 grosen
| in%’i"ﬂ;ﬁih't i?lg%&&?es% finhBe Erﬁﬁﬁ:&e%&%%eﬂf% | R eecggée%gggg section |

res storage secrtl o he”’ refer

80,{/\%9 %%Bg@%ﬁ@hﬁ%%é&ﬁﬂ@ rEel s%ﬁ@h%t?ﬁgxgs%gﬁgg té()?%gr%éult

re two-di nensiondl 1nages o

' disggéf SR 80, féﬁeﬂc@fiﬂ&%%of%@%cﬁbﬂrﬁﬁ% 285hel iflge
: f s, the e nod

or the reference inmage nere ar _
regigtzhtibf lse®ien 78, h hepidianta iR dhele Wi dHEi 1 MhjdSnodel
~illum pation and pose. At |east one inmage is
storggd sdctioad G \ethreotligins(diell bt m sdldiresistratidh Betidies,
way, the three-dinensional object nodel registration
a refecen@nimBfe natchiagsesrltasotdpe dobtien-5l, awdsd fsfetence image
obj ect nodel registration section 25 in the second

‘magchineresaltalp dade bectipre 55 "Bhis ¢comfighiatias is obtained by adding

Representative three-dinmensional object nodels
theoteferenee imagenre istratiaeseatitionnsd, dhalthodg-dixhensiodal object

regi stration section 25 are previously stored in the
mog dnaen vection 2fr aed dheraefeirencs invdgentatemiggl result

t orage section 20. General operation of the second
up QB GarHER VP the FORFIBEr tdak pf baalfirstrerabodinents ¢ h

refefence to FIG .9 gnd fl ow charts shown in FIGS. 2,

O OMPPRETHE IR HhE dRigeR At ng sEsterhacerding thihey

sefdfosRER: R Fre e Smtar thie W Giantss e bgdiment,

description will be omitted. The cdmpo_nents added in the 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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2.

2. At the time of input inmage matching, an input image

is first obtained by the input inmage section 10 (step
100 in FIG 2). Subsequently, the inmage generation
“section 30 generates conparison images that are close
25 in the input condition such as the pose and '
illumnation to the input imge, i.e., conparison

i mges that facilitate conparison, with respect to

each of 27 the representative .three-di nensi onal object
BRSO BEWTRIGRACE [OHEE SB A PRISSRAEEEdeRis | bnal

iRl RO PSR il Gy B e bAR AR the

e SRR i e
ref‘?rrlii3 ¢ ?%é%%g?%{cﬂ%%‘r%%@h %%?hgg?ﬁé e?gacgni n;g:s stored.
in g f%i’i‘érg%gﬁaeaﬁer i tstﬁ@ﬁ?ﬂ's@&i&?? le%ééﬁ;%gx%?%rgnce

sectlon S rererence |1 mag

_imﬁé@&ﬁfch%&b&dﬂ&inﬁ@lﬁibﬁﬂ inh Aedd W aﬁﬁém@%onfge PRIl in the

e simlarity (step 103). Fi nal a reference i1 nage
ref&i@Wicd SmBkb6 RtdviaBb lsabtib 705 AdifoPLRY fcterdiboiBd £ s 18bre are no
Operation conducted at the tinme of representative -
resthiéteengionesingndlcon &ij AC indudiele thedlisbiiattion Atpose. At

operation conducted at the tine of reference inage
leastieghesimage regidtbrabevde agsetr(rbribvalsubjeett i me of

representative three-dinensional object nodel (a 15

t hr &8y theway| tmathrebaliecofsiem] abjed tmadal ragiséxd tivre sation

the object surface) registration, the

- 25 pHhessagiaran She bateeobipzensiomaleibjecighedelateigtsirson sectib 25

. first registers a new representative )
in therseeony] pamgindivalal seghadinuashern in FHe. 23. denrseentativee

t hree- di mensi onal obj ect. node] storage section 20

threesdggensignal pbipgtgnodpls obtgined fragpthe)thuserdimenséonal object

ference.i mage. mat ching result update. section 55
mmi@ﬁ&&%%%ﬁ%ﬁegqtﬁgl ééﬁéﬁ%‘ ewonpkgHered By e Tapresantative

r ef.erence i e stor.ape )
t_hree-dlmensmnai o%ect modgpstorage 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.

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

obtained by the input image section 10 (stép 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,

1.e., comparison images that facilitate comparison, with respect to ea_éh of
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section 70 to the image input section 10 as the input
image. The reference imge matching result update
section 55 conducts matching, in the imge matching
section 40, of each of the reference imges wth
conparison .25 images generated by the image
generation section 30 on the basis of the registered
representative three-di mensi onal object nodel, and

thd B fuBuegredpencRual sbisel wiReldiroraf ey "

regsEEtyaetle rdfe R PhiiRal SR e fehi{“q‘%eg?%%:&‘é%ﬂ @é‘??tf%'a; 0.
et B Bl et Bi A5 R 4 S Petblsnat e Bt

imb P08 eachOPLAL EARLARCAR TlMe (Sebl 1059, TEOLLAE TdlcRRE

erence 1 mage 1 n ere | a

oSSR EL RLEIAI 14Ch HRAERUOR o

maB@iie 1081 dTIeRER B hé FEEPA @GN Aol il'thd RIELARE
i mge storage section 70 to the image i1 nput section
imdéh amttlieg RRYl JtERGR: sethien 3, 8h@NSArdds rERIEN FRIR ALY
result update section 55 conducts matching, in the
havimggemilamtraitohing eedulty) id @he dksddirlingbed @neftHe @A arity
~ with conparison images generated by the inage
(stgeib@daflinallgexréfore iamdeieaviagitdghiimhblarity is displayed
representative three-di nensional object nodel stored
(stém1Obe representative three-dimensional object nodel
- storage section 20, and finds simlarities 15 (step
- 211)Op@taniin sonduseed ef thetioe ofmpeesmttabiveghresdimensional
update section 55 adds a result of the matching to

objedtampeelareghsation gadapesating condutted sttdhadimesd eefepence

. 50 (step 212)._FEffects, of the second enbodi ment which
Im3gesragheraban W Raw 68 deseribethi ch operates as descri bed

abov il|]. now be descri.be 20 The second .enmbodi nent
has At %&PQF?WWHV%\?@@?'@@?%%% ohipstgaedely

' thr{z%éﬁﬂpﬁ%%?mgi/ sﬁ%‘)? 8 clurll %bjae(ﬁ[: g%glat te?c%ux%a (t:)I(1: th %bj%%% gﬁl(?flglce)

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 séction 10 as the input image. The reference
image matching result upldate gection 55 conducts maﬁching, in the image
matching section 40, of each of the reference images with comparison
iméges generated by the image generation section 30 on thé basis of th_é:'

registered representative three-dimensional object model, and findsa .

~ similarity (step 201). Finally, the reference image matching result update

28




10

15

. 20

25

I mage and the representative three-di nensional object
nodels with a result of matching between reference

i mages and the representative three di nensional object
nodel s. Even when only one reference i mage or a snal
..images can be retrieved with respect to an i nput

i mge of an object picked up under a different
condition concerning the pose and illum nation. 25
nunber reference inmges, are present every object,

| f |
SecbiRBrhtt B4 & el ok the MUbTRnE AR ol caRHbRE Reslks of

configuration in i.ch,image matching is, conducted by
the BeP Mg 2g8e émrﬁg pitha rﬁ%ﬁ?%‘é%%%@? hatehingaresult storage

el IR cbotp oo odel s vich are Less han ob et

! TS el TSGR BBt b SHP RIS
s e R P N bl W
i YRET Ll R PRUED D ERGar, For el

o) ceyoseRRER i oieyoq ol B BrcHing el SRS srion

55 SeHHeMh OfefERAYE 189 ob FBGR YR GRItAE RRGEALS PR ge kforagd N
wh If’r is th g rrg

=L X I\%!lOO ere : e number of conparison | nages
secti6h T@ARIthel i8R RS kbMSort N0 8Q-tHeTRPSL PRdlbe OPhEeiference
nodel generated in the inmage .generation section 30.

imakuBatdlghpireyalt JpAatd Se VBB tolldyéts b frding iBethedinage
times of matching as small as 1/100 of that in the

| - matohing sééthnakOf ebihel wlerentdirdpge atithropipsri@nsecged

enbodi nrent will now be described with reference to
genepateddiyetlenbodgaganacatidm sotion J0ok-kke basisNf the '
. representative three-di nensional object nodels Q(j =
repiesedtative thide-dimeerstionalbhjectithedelegbousient thd xepresentative

t hr ee- di mensi onal Obi ect nodel storage section 20 in
threqidimansional okisct mede] storagadratiore?®,. and finds shoilarities

FIG 4. Mreference images R (i_ 1, 2, ..., M of the
(stegg ot Finally, the setrrenca imagrmadehingwesultnapaterssrtige 55

addséeacgés% t gfo ﬁheAr%a%&lc:z[\rl\lg ti) thla: Il;eﬁkergﬁceairﬁage 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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result (simlarity Si) of matching of each refefénce_

image R with the representative three-di nensiona

object nodel G is stored in the reference image

mat ching result storage section 50 by processing at .

‘the tinme of .25 reference image registration. It is

supposed that an input inmage I(u, v) as shown in FIG

6 is obtained by the inmage input section 10 at the

tlne f matching, of. the input ipage (step 100 in FIG
ﬁ% éﬂéa%@mqwdlﬁtentr@g@ea genégaratim @ewhrtcéhlr@a@e

nerates arison images G k(u,
%gJSfon cteml Wﬂ@ﬁngr@a gvlagéwth ’-‘Pﬂlﬁﬁﬁﬁn&%ﬁm F]iﬂ@ﬁ

dwﬁ’#r%q‘im?@sﬂ@ee ls%?w‘%h‘ ‘RdSFLHhE tﬁa@s%e%cl’g nductitig

sinfi oy, S B PR B b et ingd Tléﬁj Dekeh iRt
ret?itegﬁﬁgﬁsgsi@gg #1190% ti)% tﬁ%ﬁﬁ:%kéggfgr tﬁlxegﬁn% axg 51 ?alc&%mnna@
mal?ﬁilwg%sﬁﬂg ik Qﬂé’lttef @%? thd Hl)’mé/ )ca%}?f&gﬁg 1191f rrg;e%atchmg, the

rrson IWH

retﬁ'e%i abid de %r e §§:Jber(§f lﬂala%}é %é(tcilﬂar%%%?ra{mns For

represent at |nenS|on obj ect

exatBgle, ifThHR ﬁ'ﬁlﬁ}%@i‘ MOof {HRSMpLEsdrithBiveahbdd- Sﬁﬁezﬁibngle

for exanple, as shown in FIG 7. The result matchi
mo86ktis 00 =00/ Te0 Glhledd 85 isStHE hakibelr 8§ obects PhSAumSip of
bet ween the matching result Soj and the matching
reféresigk imagek), thén the nn@iwrem@quhﬁ&gﬁfaglermht&nﬁgbpéﬁt@@s
i mage matching result storage section 50, and
is IextN ack. s« Mé160 wheee Lnimnghs nmbﬁeoﬂ&ﬁmﬂsmmag@ foefeach
the simlarity DI of the matching result (step 103).
repTesentetive tthofe-theewsibnakohjoct imedehgaenerﬁwd irelsampheage as
shown in FIG. 8. As reference i nages having a high

gensssEphisertign 36% Tb@snlgatalﬁvaha@te befcondhected meitb bhe aturaker of

t he input i mage, 5 and R2 are obtained in the

g
tlm@ﬁtoém@trchmg assmll 88 1&198 ofdhat émtle ponupadiona) techminys.
ZOsmIarltle are displayed (step 104). At the tine
QJ@? %ﬁﬁ?\?ege@w%em@mpéﬂaf %@ﬁeﬁ% d with
f %r ati ont @&% éhr ee- di nensi onal Obj ect nodel
reefré F% ? SPRYRYS OOPEHIEBESt | 1 st : -

As shown in FIG. 3, N representative three-dimensional object
models C; G =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 objeéts are

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

result (similarity Sy) of matching of each reference image Ri 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.

Ttis supposed that an input image Itu, v) as shown in FIG. 6 is -

obtained by the image input section 10 at the time of mafching of the input
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registers a new representative three-di nensional |
obj ect nodel. |If N=50 representative _

t hr ee- di nensi onal object nodels are al ready
registered. in the 25 representative three-di nensiona
obj ect nodel storage section 20, the three- .
di nensi onal object nodel registration section 25
registers a newfifty-first representative

. three-di_nensi | _.ohj ect nodel C51 (step 200,'i.n FIG .
1ma gk ?StSR Hé‘el‘gﬂgr@f %P%F?@lerl‘éﬁé tBAdBagREsEHRLOnBegion 30

resyl t.update.section 5,sends each erence jpmge _
 seRgralet LRSI e e Rit I Laror Mok = docti b heeh are

b R AR 5 b0 o Al P B8 e
PR B8R0 LS GRS e e

o ect _ : " ] . . :
Ci 5" i ONEE tHE ferRlediintite'des MHR, 8BNS B ipPrntREL ifase
i 1 ' hy51 = Xk S(Ri, Gb1,Kk t 201). The
Secr%fiaolﬂc ﬂ}%éﬁelgmt (si mil ari gy) Si, 51 %)egzgngrs), for) °

a’ 0 i <h -
G T OB P inald s fchlds eddior 40 indla GBRTST

G5 B6bioih B REAE, D ECH D9 bESKIbE tHcdfa RS Bhages

results of éach of the reference I nages stored in'the

|  Gi(efor eng dird¥Bg th HBinGibh RENTIASHY 1S, S QW] Gk Wity S0

(step 202). At the tinme of reference inage
repregimtatiztithree-tihacnebanbolgiect nadel (bep ¢0Rs TR in@Bching
section 75 first registers a new reference image in

resubs (sehBardihes) Si;begems] foragengde; 40shddn 1h FIMET00

reference images are already registered in the

r ef €Fbncesulbpgching sgtiondil) cadoulzfes siveilawties EheeD(Se;, Sy) -

i mage registration_ section 75 registers a new hundred
betweest thegnataiving restly Soraod the matehingf resshe &ii ofdle reference
. Storage section 70 (step 210 in FIG 11). 20
imagpssafienefareney tmage meriching repadestontghsenjionedQand

updat e,section 55 sends the_reference inmge_R101
| exthﬂ:ﬁgﬁ@r%acq nages %’&@r‘i@?@énﬂwdﬂ@ Hare siraidexitn B phthe

.. the i e i t.sectiaqn as the .input imge. The
mai:%pgggﬁ%%lﬁ&ep ﬂ)%‘f Tﬁe resucit o% ghe extraction becomes, Tor
example, as shown in FIG. 8. As reference images having a high possibility
of being an image of the same object as the input image, R1, Rs and Rz are

obtained 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-dimensi.onal'ob_ject model registration section 25 first
registers a new representative three-dimensional object model. If N=50

representative three-dimensional ohject models are already registered in the '

representative three-dimensional object model storage section 20, the three-
- dimensional object model registration section 25 régisters a new fifty-first

 representative three-dimensional object model Cs; (step 200 in FIG. 10).
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i mmge matching result update section 55 conducts

mat ching of the reference imge RLO1 with each

t hr ee- di nensi onal object nodel Q stored in the 25

representative three-di nensional object nobdel ‘storage

section 20 by using the image generation section 30

and the image matchi ng section 40, and finds each
~simlarity S101j = maXk S (R101, G k) (step 2 11). 32
~.The gatching result (simlarity) beconmes, for exanple,

as sHONRPGATtI the 1 SreNGRAMIaRe PRECHRE pBME ndpig ection

0 BT e BB ok AR e e e

socERCH Gt Ao Seibn TG, 04 R LygRbc DR reforemce

b DI85 S e e

ot RS P BB BRI B8

. . . . Cati . '
4IPS ks e 15 R-SEBREL AR sl O, e
maf@ihbQBc@bn 40, £88 Fls| IR SSRLIHISQN=3R5k] OR; 35112 (step
second 1 mage matching section 41, a result di spFay :
2019ection 80, a reference inmage storage section 70, a
representative three-di nmensi onal object nodel storage
- sectTlonmadbhing reehiRr(ehitHatifRos: snBbedthey forsxpid, AsadRwn
section 50, and a 15 reference three-di nensional
in Ol el2. FimdHY, a4 shiawge is 831G, 413, ZHe rdbesecdomeneatching
nearly operate as described bel ow. The inage i nput

- resgHoupdaie BOctiem 65 iatElgehgematctingmesdt to ome 8titchhve ravade of

mat ching section 40, the result matching section 60,
eachid the gefareniesiphagessdorédin 8 refheencedfrmgenveatéhingeesult

storage sectjon 70, and the representative three 20
stovpaeesestiondi0 Gtgre202rodel storage section 20 conduct

the same processing as the processjng conducted  in the

Tir At dpdameirefespres, npge semstranogn the refesnramimasge

FIG .1. : : i . .
registration section 75 first registers a new reference image in the reference
image storage section 70. If M=100 reference imagesﬂ are already registered

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

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

reference image storage section 70 (step 210 in FIG. 11).
Subsequently, the reference imagé matching result ﬁpdate 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 Rio with each three-dimensional object model C;j stored in the

representative three-dimensional object model storage section 20 by using
the image generation section 30 and the image matching section 40, and

finds each similarity S101; = maxk S(Rio1, Gy (step 211).
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Ref erence t hree-di nensi onal object nodels associ at ed
wth the reference image are previously stored in the
ref erence three-di nensional -25 object nodel storage

- section 21. The reference three-dinensional object
nodel s can be generated by conbining representative
t hree-di nensi onal = obj ect nodel's stored in the
representative three-dimensi onal object nodel 33

ilon 20.0 i nf ormati on

. .th is of
. iéﬁ&@ﬁ%.nﬁ%%m revdf Giedlart a_ 3@%&%#%&@1@@@,@ shown in
FIG; Bt ohiiedte the holGetma s medan aemeRlionmatospeken 55
I fLth ' th f [
adfP 6 BudtyicheaR i ad By el reRie baenaraic b et spence
sedTBISAH gsggﬁtrzilgp_par atus in the sane way as the

above- €d representative three-di nensi onal
bj : I i: j ha: th -.di ' I
R R e
preyght iﬂbrx%ﬂollgﬁﬂ? LakeSe ﬁgé'@ e'dzi?lndethﬁa\gﬁg r.teFt?t%ngé ﬁ% #18%C16
n € pose and i lTumhation

In 1 nput condition such as t

to i® condition to the input image obtained fromthe

i mage input section 10, for a reference image that is
‘a hightlpraerdR_ES FIENdic]ahan dbel i@ taMheRivae M a3t didng to
obtained fromthe result nmatching sectiron 60, on the
thebdsid enfbod e bnobf tHecpreseheiBReidn iR dis B0 shasdinput
obj ect nodel associated wth the reference inmage
sectiohal ) edh iage gdreeratibarseskien 80 en-idi ARNaLedhg @BLEReA 40, a
- nodel storage 15 section 21. The second i hage

. respHtmhatelgng eettion 6912 ceopal Bragdgenayation smgen 3 taadaeedd

~ fromthe image input section 10 with each of the

imagemwaitthiog sectiagdd, sbresittddsilapmetctien 86c andfdrengeimage
generatjon section 31, and cal cul ates each

stoxage sestiopy/0, agrepeeremintive shead-dmersiohal ehjeetomodel storage
enbadi ment, will now be described in detail with -

- sechigh il adelergnes onage matehing reswlcsiarage seniion 50.md a

17. A, the_ tinme of .input i e mat ching, steps 100,
ref%ilpe heee dimepnsional _oblg?ect mggeq storage sec%on 21. P

| These components nearly operate as de‘sc'ribed below. The irﬁage
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 ﬁ_rst embodiment of the pres'ent' 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-dimensiohal obj'ectd |

- models'can be generated by combining representative three-dimensional -

object models stored in the represehtative three-dimensional object model
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imagesmat
- reference nensi onal ct pod st ge 5
WG TH Hos5( i i lm%%wgei:@wacﬁm I pitiee sHgpe obJect

. shown in FIG 17 are the sane as the operation
conducted in the first enbodi ment shown in FIG 2. 25
The second image generation section 31 generates
conpari son images that are close in input condition
such as the pose and illum nation condition to the
I nput i.mage obtained fromthe i mage i nput section, for
a 34 reference inage that is a high precedence
candidate in the matchi ng results obtained fromthe

Stor%%%etctw%%m@ g dasisf 18631‘11&151‘11?16015&@51183? eceaieregice

t he ference_ thr ee di ion obj ect nodel
‘ghﬂéla reeul negste %r@a@@ 1@&%&.%@@%%%&

ctijon 41 .conpares the i fromt
ForSrbte iR E bt s LD B ds AR by SO P s
shageﬁ%%?%ﬁnéé’@ Sthate ey %%a’s‘s?é%‘uhaa;a%‘%,‘ihh%?mfd |
reph0&iEleh R LIAGORY Mo e8! o fiito RisAtmen.
H#ﬂssgé‘f.l%%} b nGoel iy B ARBASN]  S She third
emoﬂié@élfonﬁ%néééegé}fé%t18ﬂrs@&ﬂl&? surge\ﬂa!r R tCBﬁl arison

reference three -dinensional objec er ated

sGDEDiaRé sk &R ﬁﬁﬁﬁﬂ&ﬁidﬁ@n%@ch his8%reqidie Qﬁi(PﬂHimmatlon
obj ect nodels is matched. Even when only one reference

- condR@e té She Ezﬁﬁﬂﬂﬁna@é&%h’caﬂiﬁcpﬁ'bm theneied SaptafeRtieNd®, for a

i mages can be retrieved by using the reference
refdreneeidngenhhoiwh hidh pedcedvoel sanditlte regpestattingiresults

i nput i mage of an object picked up under a different
obtanredi fromntlearcaitnnagchinpeepiee 68ndn ithe bakisadficach of@he

The present enbodi nent has a configuration in which
refeﬂehe& ece - dinmergdendlanbijed hodel assotinted withathe mfereaxeed

using a representative three- dinensional object

1maﬁ§ddltaaml fraenthearedeange shresndimensipnakebjetir medel 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 third embodiment will now be described in .
détai_I with reference to FIG. 16 and a flow chart shoﬁn_ in FIG. 17.

At the time Qf input image matchihg, 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 genefation section 31 generates comparisori _‘

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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~di mensi onal obj ect _rmdel wi th high pr ecedence

candi dates is conducted. As a result, reference inages
can be retrieved at high speed. 25 QOeratl on of the
third enbodi mnent will now be described with reference
to concrete enbodi ments. In the sane way as the

"~ operation of the first enbodi nent, representative

t hr ee- di nensi onal object nodels G (j=1, 2, N). as shown
in FIG 3 are stored in the representative

referqnce i aandins AR leshé@@cedﬁme caedvieetg én dhe mafishing results

obipRe roep she sogt erﬁtﬁjame]sqrmnﬁp et of saaiies the
f t t 70. A

ref%’%‘%’ﬁgg ¢ Ix‘?‘gr% priogpl gﬁf@&ﬁgﬂf@eg%@&meéfﬁﬁ sho spference

B A e L

e e natchlng result storage section 50. In
Sec&tﬂ’&'ﬁ#f@% rI!ralgfer ence three-di nensional object nodels

B (i Th %ecoﬂ’l{p 1I§a e ma‘teﬁ@n&asecg anaqlhl (fq?\émpérr,egt gg éﬁﬁ% .'{nela(g:ge

IITng are pre I OUS

obt'eEﬁ kﬂ‘?ﬁ%ﬁﬁ%@é x?éﬁte Stcg%ﬁdsg s?}elzeat%hq?%hg %81&1?91?13%91 1§I°‘ages
obthitbd ﬁ'l)nia%he?‘ BowR i 1511&{:%1 %erﬁrhﬁo %QEﬁb]E 89, Qﬂg te?%e '1;%%%%11

I nput section 10 at etlrreo mat c

simiParii}PGeep 34 0P 131991137 NeHel eferkBike iAG %@'Iﬁlﬂvﬂgg hl%oodl rrlg ad is

processing as the operation in the first e

-dlsﬁﬂagreaisﬁéiﬂuﬁ@ are obtained in the cited order as

erence i mages having a high possibility of being an
i magéffedtstdfehe shivd cabbedimas whhi iputhe dvadiguastish
in FIG 8 by the inmage generation section 30, the
whichegpeerabd Chs dgsardedd abowéGrill hewrbesddseriatchi-ng section
- 60, 20 and the result matching section 60 (steps 101,
102 Bimelthi08)emMidiment dpedhetconfiporatoaipaich fibe reference -
reference images R1, R5 and R2 which are three high
thrpe-diwdoatomad agmca aagiel iganertatedbycionrynins rapresdn taitived
fromthe result natchlng section 60, the second imge
threerdamanpismad ebtech magtels eclaamlwgl Fysaovherankeers eefegence
t hr ee- di nensi onal . obj del s, B1, B5 and B2

* image is present every object, t ere ore, reference i 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 embodn:nent has a conﬁguratlon in which reference _'

- images having high similarity are extracted by using a representatwe 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 de_scribed with

- reference to concrete embodiments.
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2.5 fromthe reference three-di mensional obj ect nodel

- storage section 2 1, and . generates conparison
i mges H k(u, v) 1, 5 2, k =1, L) which are close in
i nput condition such as the pose and illumnation to

the i nput inmage obtained fromthe inmage input section
10 (step 111). The generation of the conparison
i mges H k(u, v) is conducted by using a nethod

e

' H ' [ =1 Lo o '
AR Sl il 30
in PPt et Brdf R TohERhandEE st bt SOBT Q8 o

stoped bedded 00, B B T e MR eRPR Rl P e

objadtsf éé"ész':uv?nﬁ;x RrGayi 4% sphied i ﬁ'}e RELNGED nﬁggr | PRMe section
i mge I(u, v) and each conparison I nage H ?u, VY, SR

705 ARdsul® (SR B) OT'Iﬂhf&iiihé}Sf §‘9¢1h of f@%&f?‘e‘mg Iﬂﬁ%ﬁgs Ri
The matc ts ;

every nodel (step '112). I Nng resu eco

 witlhoth Sehtafife THAMAdiMedionallShijebd mo§9§€3931§l§8£9n in FIG,

10

15

20

~then R5, R and R2 are obtained I'n the cited order as

5 i¢ efoRe@ i €he refeg@scehiavi fOma tEhial e8GR biddeyscefioReiong

an i mge of the sanme object as the input inmage.
Fi nald yddithe, Miekence ihregesmeavional bhisht sididlaBi Gieg,
are 15 di splayed (step 104). An inmage nmatching system

2, .acdd} disvgisted avitlohe hefemboc Meage Bf atdprevigesdentored in the

“invention will now be described in detail with
refexeinee dhoee-dionendsnaligbjectompdel Mibrége sfetivankas shéve.in FIG.
20, an imge matching system according to 20 the
18.f ourt h enbodi nent of the present invention includes an
[ magIe Jdnput section 10, an im g‘gner ation_section
30, HAnAs PHepRserdhakapgnpad imagedin, W asdhnym inklchbng
sectjon .60, a.second i rr,a%eﬁ(gener at.ion section 31, a
{

obtamashby thtiramatHtircbent i (bat W time efgnptching of sge input
i bl By n B EPu P10 08 e mryecseing s the
opey bR 3R ThE Bt BadinShtlHE 1 Ma RPLESOLIRASY i HRY 848

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 reference three-dimensional object models Bi, Bs and Bg

from the reference three-dimensional object model storage section 21, and

‘generates comparison images Hix(w, v) (=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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95

di mensi onal object nodel registration section 25, a
reference i mage matching result storage section 50, a
reference image matching result update section 55, a
ref erence three-di nensi onal object nodel storage
section 21, and a three-dinensional object nodel
~generation section 27. The fourth enbodi nent has a
configuration obtained by adding the reference i mage

o7 L5355 S B TS O P
hi ' t tl 55.and t L
co bR P SRl e B oipnc e

el A BB S o R et By per

L R LI LIRS, 28 B SRR ol
o St FBEP HRE LA Mkl BB KRR imagp e
rodpRes ] EheARfARIRE -Itﬁf&-&%&ﬁéioﬁ?owjggfgﬁtoﬁgﬁ%% 26, 9 in the |

the i mage generation section

refBRdreRithece-8RAEh BN 4DobjbBemoAB L kiorABE SdtI SECTHOBRAd
the result display section 80, the 15 reference | mage

im 8§ HRGehiIQtection A0, fihfle a el eS( HEPbER T 1R irjut
section 75, the representative three-di nmensional

imags Hat vimtédleash congarieatintze?H(utWeand finds a maximum

t hr ee- di nensi onal object nodel registration section
sinptgrigndy; thmaxefd; Bhdevenposodad(sebrig 2. esul t updat e

section 55 conduct the sanme processing as the

pr ocEke imragchingitestilg hiegomiee fon exstmpleb asishewn infFiGhel Raf

present invention shown in FIG 1 and the second
SeseftiGthosehendtodn and Repe obtairked in éhecbad order as reference
. three-di nensj onal object nodel storage section 21, the
imagaschavipgigaisgamnssibilibhoskeingsn Bragapithewame obisgt as the
. 1 mage matchipg sectjon 41 conduct, the same. processing
1npaé lgaégepi’g@é sitﬁ@ relsneie BAF9F hREnEHTEh SHBaRB 6 #ent

. shown .in F 16. When at the tinme of registration a
dlspgfy\éﬁéﬁ@é’i ye matching result | |

An image matching system according to a fourth embodimenf ofthe
present inveﬁtion will now be described in detail with reférence 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 genération section 30, an image matéhing Section 40, a
result matching section 60, a second image generation section 31, a second
image matching section 41; a result displéiy section 80, a reference image

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

representative three-dimensional object model storage. section 20, a thr}ae- o

dimensional object model registration section 25, a reference image

matching result storage section 50, a reference image matchin_g_resu_lt _
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ot B O R TR OER AT
oLy 554 0 L PR DB LTSS S 27

refb%c{eﬁﬁﬁfzg%%%iét%tﬁﬁﬂ dbOBas 78Nale tﬁg@?%;imgﬂgﬂnﬂ 58{?2% oc}del

. 55 sedahd thiegdigensibahl ohjeseilodeNgSlerdeRer Rbfidn to the

deseuptiognwidl be emittieds Theeommsmentsradded dbthe pessetom t he
: Jp ge input. section 10 with each of the conparison 20
em

. __descr.,.bed..i detail with reference to FIG 20 and
| mPH% &Wt&%&{’sﬁﬁmﬁ gengragongection 39, ghe smage matching

is registered in the reference i nage matching result
storage. section 50 by 38 the reference i mage matching
result update section 55, the three- dinmensional '
obj ect nodel generation section 27 generates a
reference three- dinmensional object nodel associated
‘W th-the reference i nage by conbining representative

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

{1 o AR B SRL ROla b SLAIAIR, ABGL B0 Bhin i

updates a reference three-di mensiona _

sectlon 0 respect- tot ererence | num

regibtiBheceHenos, eRifalfs inid'getﬂ%téfﬁhgt}'bé‘tg%rﬁtﬁﬁgé section

obtained fromthe result matching section 6

compari son i mages close in the input condition such.
cordsguraeiopafehantind drmibbdiatidrtn condition to the input

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

basiAs 66 cemphnetstinethbS mafeanatdting ke nt ao@nginned the

object nodels associated with the reference inage
fougth ambedinenhthatearcahersamee at hhese- i thendiiohambodjeeht,

node| storage section 21. The second inmage matching

toBilhbadaserilnt-t ne second i nage generation
sect,on 31, and Ca|.CLi|Hat es each simlarity. General
oper at§HFOPanea s BEATIN Adebale aedescaribed hedowpdhe image

seclipask ehPagult 8fhuBbingote b0, HB3 Hein® B lin Shetion 89, the
refér%n{cg ?mﬁ@g‘gto%%gg E@éﬁgﬁ’ 98,“ ﬂ}eepefclar%ntcg ?mage registration section

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

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

- reference image matching result update section 55 conduct the same .
processing as the processing conducted in the first embodiment of the
~ present invention shown in FIG. 1 and the second embodiment shown in

FIG.S.

The reference three-dimensional object model storage section 21, the
second image generation section 31, and the secolnd image matching section
41 conduct the same processing as the processing conducted in the thirc_i
embodiment shown in FIG. 16. | -
| When at the time of registration a reference image matchi_ng result

is registered in the referehce image matching result storage section 50 by
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repggeentaty erthaps (ihpersiogal obieah Ry

first enbodi mrent shown in FIG 2. 39 The second i nage
generation section 31 generates conparison inmages '
that are close in input condition such as the pose and
illum nation condition to the input inage obtained
fromthe image input section, for a. reference inage
‘that is a high precedence candidate in the natching
results 5 obtained fromthe result matching section
60, on the basis of each of the reference

the referentiensrageonatchibg aesultinadiase aecitui Bbchedihrhet he
reference image obtained fromthe reference

dimepienal ohine; wedel epnarationseetion i gaperatesa refarance three:

. (stap ).. The second, i nage mat chi hg section 41 o
dlr@%fft}%&gblﬁ%t magat aﬁ*ﬁ?ﬁ%j‘égg otl bearefeencedmagreby pugbining
i nput, section wi.th each of. the Oég arison i mages

AL OPiesl theorprageqyighivg fhree:

dinf bR EoluRtSRo IR Sorded st SRAFP papiRptakiarlon of
di spl d_(st 4). At ith ' f = di I |

the TR DR fithes Pt Gk o Bive G SRR oA

i 0hie BBtk Felishh e Dbl SRR Bk
Stoé%%éé%cﬁoﬁ ff, Jrrﬁ}ﬁfatgg h%@eﬂ@@%b&@cﬁﬂ%ﬁ?&%l object model in

ration section regenerates a re ence

thd PSRl TRRS)-0nALnaBREEL,ROSLABSSORA! Sckitid By ach

rererence | nage oy onni'ni ng representative

t hr egrgh FERRLORRThORIfBfdn BRARIS s bR hidlepe&edence candidates
representative three-dinensional object nodel storage
in SRCHaOFhiAG reBultidtatird Sowfthievesiltehhfthifg se@tdn 60, the
reference image matching result in the reference
secofiddmagetthepgtioe suttiors Bbsagerses tompad¥ondhthges close in
regi sters the reference three-di nensional object

* thenimgeit conditiem sefleas thepode ewd dilnmisatdoa lcondjtaat tonthsahnput

storage section 21, or replaces a stored reference
imagw eltaingd fionetlsé onake olpwcechiodelO, by thie Hastiepf @) of the

‘At the time of reference image registration, operation
refexemge ¢heep-dimensional object models associated with the reference

- image obtained from the reference thre_e'diménsional 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 charts shown in FIGS. 17, 21 and
22. | | |

- At the time of matching of the input image, operétion conducted at =

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

first embodiment shown in FIG. 2.
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steps 210, 211 and 212 in FIG 22 is the sanme as that

- conducted in the .40 second enbodi ment shown in FIG
11. Finally, the three-dinensional object nodel
generation section 27 generates a refereéence
t hr ee- di nensi-onal object nodel. associated with the
reference i mage by combini ng represent ative
t'hr ee- di mensi onal object nodels in the represent ative
three di mensj onal 5 object nodel storage section 20 on
t h e pecopdl impags genarabiopfsecHen df ganetates GORERATisON

|ng result, newy registered in_the reference

1mr%§ afae (518§ InrBRYE cordloagichers thanp s, anghijlumination

i-sters the eference t hr ee-

Conﬁgﬁéﬁég gﬁ%r%b‘ﬁte &%g%ern% Togp the frapge dput section, for a
ref%@%ﬁ% i35 thaf i Adeh BreredRes ms‘h?iﬁ?%rm@aé: st regules
ot A PR 200 RBec0h D, PRSI ALRB
ref%’%?m@ O Pt O olOR EhEREIERY, thc FalReRRg
im%%%@ﬁgﬂgﬁ ok g é?ﬁf@ﬁen‘%%?@é -8 Engighﬁgéb]g&dﬁlloael Storage

en on one re erence

Secﬂﬁﬁ%mst(%ygiy) obj ect, therefore reference i mages can
be retrieved by using the reference three-dinmensional

obj effe SRABHS MMM Rat@STREGECHO A1 cotiPirel BRISALL RMage
obj ect picked up under a different condition

obt&RREef-finNthe e ROBH R REciibh WItHBhER Bf tHOERP£ESHE images
enbodi ment has a configuration in which reference 20
obthirrdefoinatiengcbh @ imsighigeabrdtyorsectéodl 8acietlchiyulisbogach
representative three- dinensional object nodel and
simtilueityrfatephl 12). Hindlly thefreferonee trhage hadimpehighasialilarity i is
obj ect nodel with high precedence candi dates is
displopeddsted. 1088. a result,. reference i mages can be
retrieved at high speed. Qperation of the fourth
enbdidi theriimgi ofj t %mewib@enl@gnal PeidcivmodeDBegigifrationceparation
concrete enbodi ments. In the sane way as the

condpetiedtatortens 20Re201 pad 20%adf Mt 1 1s the same as that
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

25

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-

.d_imeilsional object model by it (step 220).

Af the time of reference image registration, operation conducte_d at

steps 210, 211 and 212 in FIG. 22 is the same as that conducted in the
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thrgegimensionsd gbiest ewdeégenewée

r epr esent ative three-dimensional object nodels G (j

;1, 2, ... , N as shown 41 in FIG 3 are stored in
the representative three-di nensi onal object nodel
storage section 20. Reference images R (i =1, 2,

, M respectively of the objects as shown in FIG 4
are stored in the reference i mage storage section 70.
Aresult (simlarity) Si; of matching of each

R AR o e R

mede} pEhE i re&hoeéi oSt fi P SRREpAR e Rional b
ol dL B TR R b SO B R R h%ggﬁﬂﬁmwegr%%ﬂ%a&lm
thiBb A IS RIS T L6 B IR BlreR thfiehsional

orage processi

- obj%@ﬂ“ﬂ:%%?&o?&gé’:%tfdﬁo ?B th%fb%rs?é“&%ng%%ﬁtl&? aF }?ﬁé ?e%f‘e?éhce

I's suppose

| imh BB thhihg ﬁé}suﬁsrle%@%g‘létete%] éeef?&%@' ﬁ&% F{f&ﬁng

| mage i nput section 10 at e time of matc

- resulPsborakdBeionSE® RnkPAdditidnay rb8lste ACARY f@fé‘.ﬂen‘b@ thi&-

sane processing as the 15 opefation in the first
dinesmgohAesljectRhod R5nathd 132 @hee ehicd-digtonh ok AokGbdtadodel
order as reference images having a high possibility of
stobsgengeotivn DMfeewh2ihe same object as the input image
as shown in FIG 8 by the inage generation section
30, Effectsmfigke fmtrthiemgbedetdminwiizh e hchenfieswhtion and
mat chi ng section 60 (steps 101, 102 and 103). 20 Wth
whidkspraratesas describedrgfioye wiknoeflerdasceibednges Ri, R5
and R2 which are three high precedence candi dat es in
t he Hae &vinbly. eﬂ#@dﬂme@bmwgd copfignratien irewliich tle céfenepnce
section 60, the second i mage generatl on section 31 - '
reemhiningieryraeniasivect

s B, B5 and B fromthe reference
thrtaﬁ %é@e&ﬁ PBiest myuteltis %&@r %meag\e hewp @pimmzrefewe
1mz§ge epr}ee%é"ﬁ eesvery ogfe%ﬁﬁregrnggfe%%{lejggé li'm,ag%ee g%ﬂtbe retrleved
by }Fiond' %e?}%gezrléﬁlc]e ?hree cﬁn?e%s?or?a oﬂjéét‘ﬁr%&&t ! onch respecet 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 referencé

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

dir_rle_nsicn'al object modél 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 operatlon of the first embodiment, -

representative three-dimensional object models C; =1, 2, ..., N) as shown'
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obtained fromthe inmage i nput section 10 (step 111).
The second i mage 42 nmatching. section 41 finds a
simlarity S(lI, H k) between the input inmage Au, V)
and each conparison imge H k(u, v), and finds a
maximumsimlarity Soj maxk S(1, H k) every nodel.
~(step 112). The matching results becone, for exanple, .
as shown in FIG 19, and 5 R5, Rl and R2 are obtai ned

i B3 BT IB AP SRS B e e e
oGy 0 ATl Rala AT LRGS0 “ABSERAT LR
OBl A PSR SRS ER S Sloion

oA st SOLRLAS) SR d BB R L AT smags i e
. repkBEBRatidh &ﬁ?&-aﬁﬁénaeﬁp&bgaadﬁ'odéf @r%yghév?ﬁtih%gg%‘ il |
N=50 0 t 1 eady

t hr ee- di nensi ona ject nodels are alr

stof @DLSERY Rfferdhck i dcBRN 8ERhATEMAL %Eﬁrﬁg dpdEss 5pnal
obj ect nodel storage section 20, the ﬁree- i mensi onal
obj qetaduitieh, M s&fefdrcatthefe-a8abhodndPokbjRet Midles Bi (8w,
fifty-first representative three 15 di nensi onal object

2, .Mas) adhiiated eritl20Re refelddde idddge BUbRaseeddly stitclhA the
same processing as the operation in the second

refeehoel tmert dintdimsinedlehgetan b delggormiecdeiction 23Sk theipdat e

- section 55 updates the matching result Sij of each .

procesfsere nosluated et ithe tinee pEfefernome inmmgeregimtationgs shown

~ result storage section 50 (steps 201 and 202). 20

in FHGhal8.y, the three-dinensional object nodel generation
section 27 regenerates a reference three-di nensional
obj dtts wgerasegithat sodnpubimage Alu, sdels shofer enbEGi fage

conbi ni ng representative three-

R (i, =.1,,2, b ] : .
Obt@%nﬁ(érm G}%lm%gﬂmwu){ﬁrﬁsafép@ 18 attheHamee)sraatehing pf the input
. three-dj mensiponal .©obj ect.. node| storage section 20 on
imagedStopst QO 51 FIgl of haicroning o éit‘éﬁ Sﬁgmeﬁ?@qe@m%agéhzs

opefi it 4 gt FithemBhbiniepe 36, RERGAEGRa BBt it Ghed

ordé5€ %éfg're{rr?crés’l'n:?fa{]g%ls hoat‘uigé: 4 hr{gﬂ%losg‘%briﬁ%dgf 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, and the result matching section
60 (steps 101, 102 and 103). -

With respect to, for example, the reference iinages Ri1, Rsand 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 Bj, Bs and Bz
from the reference three-dimensional object model storage section 21, and

generates comparison images Hy(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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43 stored in the reference three-dinensional object

nodel storage section 21 by the reference

t hree- di nensi onal object nodel Bi (step 220). Denoting
- the shape and texture of the representatlve three-

di mrensi onal object nodel G (j =1, 2, ..

respectively by PQ (x, y, z) and TOJ(R G B) and

- denoting the shape and texture of the reference three- -

m dtlé P onalp)ff]b%i %ggaggﬁipnty)é@,nﬂﬁ} bejvge@n the B}puttlﬁéage I(u,

nmodel i,s cal cul.at.ed

v) BBd Sngh %ém&o%frfs%aﬂ' e b Snd W&;é?@b%%?éﬁ%lgy S
= ' i Y, 10 T R
= mgﬁ‘$(IfP§)%)V%’Q’ f%tédeES%l%*j’)l»lig? e i s g) f unct iQoE] thg )
e S e Mg, o
?Eﬁgﬁ{z I'eCOQJ[Eaﬁl%dflln CORY &%‘e?%s r(ei’s hge %xitajg%s hja}urpg a

efr ence | nage reg

' hlél‘fa Sttty '()Fﬁgﬁagﬂaé} Fadl é'i)f fihd QS %%%%57 e 1 hﬁ% image.

ere

Isters a new ere ce 1mage 1 n

'Flﬂdlﬂ,g%h@tr@fei‘gﬁcesﬁﬁég@é“hgﬁng'Pﬁﬁe re?er f ea[rertﬁ fa%&%éteg 104).

are 'already registered in ce inage stora

sect APBhe fimd bPtHrek Qﬁﬁfb‘h@ldﬂﬂgﬁ_{ercﬁ Sh ol 3bERBratiRE then
75 registers a new hundred first reference i nage R101

thries-dif® nstireil ebfiet el réfRtag saetiod Ry frétsiistdida ifdw
FIG 22). 20 Subsequently, the reference inmage
repras@itiatiye rthsed-timpagivaak elsjetiomodbbiratigs rap rasé it Ve three-
result Slol,j associated with the reference i mage R oi
dimensibin@l olgé@rmendel storgse sertiohi 20y If BEW0 thakerdigensional
section 50 by conducting the sane processing as the
objegtematilsrareralrdaslysengnstdrethbotharsmpre ¢t tapiezhreendimensional
212). 25 Finally, the three-dinmensional object nodel
objgeirmode} FaragasacsionZ0, ghadhmeadinensipnakohject model

t hree- di nensi gnal object nodel Bl oc associated with

regigfzation Spelien 25@35@@8@ npy EHeybirah rRprespniadiie Brpee

t hr ee-di si on
dnnens?ona oq)Eect mogel Cs: (step 200 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

e each reference image Ri (=1, 2, ..., M) by combining representative three-

25

dimensional object models C; in the representative three-dimensional object

model storage section 20 on the basis of 1nformat1on of each reference 1mage- _

matching result Sj in the reference image matching result storage section

50, and replaces the reference three-dimensional obJect model already
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44 object nodels C, in the representative

t.hree-di nensi onal object nodel storage section 20 on
the basis of information of the reference i mage
matching result S101,j in the reference i mage mat chi ng
result storage section 50, and adds the reference

t hr ee- di nensi onal -obj ect nodel B101 to the .reference
t hr ee- dinensional obj ect nodel storage section 21

sto%?ci e °@§£pﬁfq%£§q"é£ei%%%‘g2 Yesipbal by
thSFIERRE e i%@%swaf:?h*aegffzgl% 2B, s 2 cring

o osa AT Eh PHabf axhlabbtithd sEPT e Gke Ehigi 1o,
dinfheiFRACHERTRBLAE, Goct 2. ﬁéﬂsrssreéc R B0 o and
ToORNEehs hgg @g&&gﬁ&%@ﬁy& ’gééié:#%ﬁp@be’ PR nree:

section a rerérence
dRGSa St B ¥/ a - a1l . '
dm% hr ee- agl dr}fre%g?gﬂg ?ec% Oznodemg{egéggté@%g\ﬁsﬂ o%l(xlg ’ ?Ofmd

TR, & BY afhearcifdvadse rﬁﬁfe@hmgeﬂs%&wtob%é&rﬁsgeﬁg &Blﬂaé@b
and a reference three-dimensional o0 bj ect no

acchidingae, forehiadibld lthelfotioorifg BRPARRIchsNearly operate as
~described below. The inage input section 10, the

i madigereratimf(SPREGNy39 the image mat ching

section 40, the result matching section 60, the result

di spi@alR, $&CB) o 8ISyt he(R,0H, Bef erence i mage storage

secti.on 70, and the representative three- dinmensional

‘obj dierendies funcrienyshateaonotoRMstontressdshes Spirereases,

(grocessn ng as the processing conducted in the first
ancethaddiatisties shetralatpres e #Sul mviedts the sintdest éxanghle, f ¢an be

Wth res f{Sxéo a reference i mage of a high precedence
implamenged BY {525 P& i it chi ng result obtai ned from the

result obtained fromthe result. matching sectiaon 60,

t he MriddiRERideiarsnce bupese fegistiabione the refssengejmage

0 as to make the

d/ f '
reg}sﬁ{jﬁ:gmgg%?qrq ga %Eéﬁgq?ggen%se alnrga“g reftserence image 1n 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 Rio:1 in the
reference image storagé section 70 (step 210 in FIG. 22).

| Subsequenﬂy, the reference image matching result update section
65 adds a matching result Si101; associated with the reference image Rio: to
the reference image matching result étorage section 50 by conducting the

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

1212).

- 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

45 the pose condition) the same on the basis of each
reference three- dinensional object nodel associated
with the reference i mage obtained from the reference
t hr ee- di nensi onal obj ect nodel storage section 21.

“ Thus, the image conversion section 36 generates
partial inmages. The i mage conversion 5 section 36 is
simlar to the inmage conversion section 35-in the

shown in F] G  28. The

second :cqonventional technique .
- object mogiely ﬁh@“et ’E%P?Fg}l@é‘é’?& eergImpnsigaeLokisstomenebn

ot e TGS SRR Bl WIE

o SR, S5 e O AR R e eion

o N DR B P R e SRR PRI

S e T N )
e s R G

prdsenfitFerdion Nl no%sBEAbsdribdll HEASLSNG &bl 3E‘£ t@ﬁ%@h 23

precedence candidate in the matching result t ai ne

aniPamthe result obtained fromthe result matching

section 60, the inmge conversion section 36 converts

t he Wighitefor@mge RMIIGI23, A8 #ed @ RIAGEhInFRYELESA s88ording to
make the input condition (such as the pose condition)

thet fifth sankbodimdrteofiihs ipgeafntdaebnfiOn iatladesnas image input
t hree- di nensi onal object nodel associated with the
sectioficl (b moeim & g genaiat mnreedtibn @0, tinamsfeematdang section 40, a
t hr ee- di mensi onal object nodel storage section 21. _
resThugateliagiseation éOnvariviage waverson 36ctyend6at partial imag
partial images (step 121). The partial inmage matching
magengseclion donduesultchismayiseotion B0 heefrsnegmimagd storage
- inagﬁf of the converted input,inaﬁe,and ref erence )
sectipngl): oteprprantative fhrersdimengionaholieei madelstorage gwtion
and cal cul.ates the Sinilarit¥ (step 46
20, a reference image matching result storage section 50, and a reference
three-dimensional object model Storage section 21. |
Thes'e 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 sectidn 70, and the representative ,fhree- .'
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 converﬁs the input

image and/or the reference image so as to make the input condition (such as
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i i mage
image ORYSIFRNASHAR e!%ﬁra???epa”&

122). Finally, the reference i mage having high
'simlarity is displayed (step 104). In the fifth
enbodi mrent of the present invention, the inmage . _
conversion section 36 converts the input inage and/or
the reference inmage. .5 Alternatively, the reference
i mage may be previously converted to that under a
standard i nput condition (for exanple, a standard pose
condition) and stored, and the inmage conversion '
thespess ennddgomhiheceame on thisebasapof eadhnreferemse thaee-under
the standard:input condition (for exanple, the

- dimengigasbebipesmodelntisorienyd vayh doe riefetence imagacehtained from

unnecessary tqQ.convert the reference 10 i mage_each
the refarence thiee pimensienabalbiget wﬁeﬁﬁ@rﬁﬁ‘és?ﬁﬁ%%gﬁh‘ﬂﬁéhe
can be shortened. [ mat chi.ng system accordi ng .
Fgémge?ntﬁﬁﬂﬁn@ﬁe\ﬁPW sion

s 4 Sl LR 05

accaor di t0.1.5 the sixt; odi rent of the present
o bl e shO R S ot " section 10° an|

e OTISRRERL Al PR B LSRR 8 3R
o0 A e B3 RO B SOABBLABEL 6 e

froffeild Aladdecoy SRl RREEn I FRABI GUIhA! ﬁgl%rhiﬁﬁﬁrgﬁp The:

a representative three 20 di nenstonal object nodé

sinSl A A0 1e8k AN 28nd Actlddrifadi RS Walads A &eb 1030del
regi stration section 25, a reference image matchi ng

r esuzbnskNopefatiGie6f tHNfifid, exdbs@inesrENeH] hoRdR ddHceibeddn
result update section 55, a reference
detlahl wéthdtef@raice paFIGbRacindm delv diatagewsert FIG. 24., and
a three-di nensi onal object nodel generation section
27. AfShdheseolimpmd demize metohiygopepais0 a0t ekl addd03
bel ow. The inmage input section 10, the inmage
shayen én &lCoB4smetthesad®; as the opewpdiomatonidiustedartheofirst0,
the result matching section 60, the result display .
embediment goywn e FIGf 8r ¥ith resnagé te naefyenseitmnage of 9 high
the reference image registration sectign
precedence candidate in the mafching 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 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 mode!l 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 refe_i'ence image obtai_ned .

from the image conversion section 36, and calculates the similarity (step
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- 75, the representative three-di nensi onal object. node
storage section 20, the three-di nensional object
nodel registration section 25, and the reference
i mage mat ching result update section- 55 conduct the
same processing as the processing conducted in the
first enbodi nent of the present invention show in’
FIG 1 and the second enbodi nrent shown in FIG 9. The .

eference .t hrge- di nensi onal . obj ect nodel, storage ., .
lz@ea"galgﬁv,z@eﬁ repfR IRASR aa}%ﬁégﬂbwml?%}ye@tdlﬁ%@ézﬁd (step

1O%fneration section 27 conduct the sane 10 processing
~ds the processing conducted in the third enbodi nent

h [N and f h enbodj. f th .

;r gs tl?q ﬁ&i’%ﬁﬂéﬁdﬁ%}kf&%ﬁe %%r&ée@gm"g\ﬁlﬁga? _O %g‘?eb a

f N f Lah d i de [ .th
A e R A R

B o Ind R REIIR S5 90 00 B MG

engh i UELEANSEuL B30 O LRl { 1R oSl P

the pose con

 an@ 8N ERE ?m'é?é e6avaliimnsd Al sl Eqn%ij@#he input

associated wth the reference 1 mage obtained from” the

imd&f &y gngauidyrate UARDS Rt BhE R oML bx 541898 standard
section 21. Thus, the 20 image conversion séction 36

posgenadaies. Barddiab sb/B3RsomEB erriiRichistlry tHREB8vetBhE HeftGence
section 45 conducts conparison on the partial inages
imade ¢dvh tineniterhetcHingus conbgtednand ehe heneRingMar: can be
obtai ned fromthe i mage conversion section 36, and
shortdmadl. at es' the sinmilarity. General operation of the
si xth enbodi nent will now be described in 25 detail
wi t PAn dhage neatchin CexGte gbacddingetof 4 sinth learkodsinem of the
FIG 24. At the tinme of input inmage matching, steps -
presout insentionoRilhnawinaiessribad inrlatrtwizh refoecnemoios RFG. 25.
as the operation conducted in the first 48 enbodi nent
show1ihnrefexgncs to Kl 2pe spdmagecnatehing spstem paeyding to

a.hi.gh . . . . . .
the smthgembodlment 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 séction 21, and a three-dixﬁensional _
object model generation section 27.

o The.se components nearly operéte és.déscribed below. The i._mag:e‘ | '
input section 10, the image-generation section 30, the image niat'ching

section 40, the result matching section 60, the result di_splay section 80, the
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precedence candi date in the matching result obtained
fromthe result obtained fromthe result matching
section 60, the image conversion section 36 converts
the input image and/or the reference inage so as to
make the 5 input condition (such as the pose
condition) the sane on the basis of each reference

t hr ee- dinensiOnaI object nodel associated with the

| reftbﬁérrgcreﬁgﬁfge % é)&bﬁ)(lgc til% Q'F}egr ore; ]glégéee R& stration section

75 TﬁHésneptrBSeﬂtﬁﬁgg tBPéB‘ 8fﬁ%§§loﬁ§?5ﬂﬂg& ligdgleéﬁ%&émgectmn 20,

partial images (step 1

theTEHreBtdieh IR BhAR:t GRSUHI GhSis Lo %ta{}ﬁi the

partial inmages of the converted I nput I mage and
refeRfrRe R ﬁag,enﬁgtrasﬂe dpdbbOBRANS 55RIR G NR Hro0

section 36, and calculates the simlarity (step 122).

‘procesaihbas theeproedien eend umed ik aNé AgstéBBodibhesf dhe 1S

di splayed (step 104). 15 In the sixth enbodi ment of

- prefshat pressnin shoven tin &G thend thRgsecondrvebedigterietondNin

36 converts the input inmge and/or the reference
FlGnge. Alternatively, the reference imge may be

previ ous converted to that wunder a standard i nput

condlhe mi}é('eﬂme tiraendimensiopahnbjertinpdet sorage seaiyn 21 and

and stored, and the imge conversion section 36 may

thedidwoedimensionap abjezb mased generativat sachider27 bendicariiasdme

I npyt condition (for exanple, the standard pose
Pro&%??d’ilg 28 r‘??‘e Wﬁ%sﬂmﬁﬂm’glcwfbﬂsthﬁ third p}lﬁ&(dllme@t ghown in

FIG oI RRALEA TP brRiPts thh o neention shytm in FIC,

20_er‘r‘oodi ments of the present invention, the inage _
‘mat chi ng section 40 finds 25 one sim'Iarlty S(I, Gk)

chi . .
00 TR A4 BB e e 1 o e%%ﬁgf%ndlflate in
oj m
A e 0
mathing EQ&H&&( BOPiHR 1115;?@4 eBSiofi 2ok B6FdoGve Al thb] nput

1mage and/or the reference i 1mage so as to make the input condition (such as

the posé condition) the same on the basis of each feference three-
dimensional object model associated with the reference image obtained from
the reference three-dimensional object model si:orage section 21. Thus, the |
image conversion section 36 generates partial images. The'partial lmage .

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 c.alculates the similarity.
| General operatibn 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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_ the matchj. lt. F
precpfeneefiapsidionin 'H’@b‘PéEQ

_ int fourth and sixth enbadi nts as well, 10, .
Obtﬁlé’bﬁ-‘};&@m ﬂi% ®s Ewééélalﬂgeﬁﬁfgtlaﬁ =6ﬁ? SRPBRGARYESIALY Spkion

this case, simlarity S'ijn = maxi, S(R, Gjkm of
each partial region mis stored in the reference

i mage matching result storage section 50 as well. The
result matching section 60 calculates a simlarity D
=Z DSom Sijm between the 5 matching result

S ojmand the matching result S ijmof each of the
reference imges in the reference i nage matchi ng
result storage section 50, and extracts reference_ .
embﬁ%@@%nﬁ shave 1 dd6e Rd Wigh speract 6 atyederenge impge pf pihigh
lﬂrther nor e

. in t
ipgaesult @bﬁ%&&d&&p&é@&rﬁ@ﬁhm

chi.ng res

o SRRl o Bt e

| _inpﬁlﬁ%éégﬁi%%sa”ﬁ%}%‘?%% R%E?tggﬁgﬁfp??rtf?}s%%% o sh%‘%a%lﬁﬁoété@@i
refx%%%lcg @ﬁﬂséa gﬁﬁéﬁaﬁg?ln@g%\% ]%ﬁd?l 'ctlssoﬁiat%g %181? B %‘e?énqeor

presen 0O one-to-one matcni ng
i

secfﬁHﬁ%S. a0 fshehe BnSREEhhverslod &JcbidhSd ks ]{s'% tidNnidlRs

irst and second enbodi nents, the result m I ng

(steyeteijon 60 calculates a simlarity 20 DI = D(Soj, Si)

- between the matching result Soj of the input inmage and
t he Thd phitigl ihesdd fafdiingfsettion Usf@ndnes ddﬁﬁmi&n ohthe
the si mpl arity D is greater than a threshold, R can

parbe] inages of chbeorhetabimpuhipege asd rdferdnteUindgmgtained
In the third, fourth, fifth and sixth enbodi nents, the

~ frojuthgrier gecamvieesinndectiyn 861 endicaloudatsbehbeimilbeity (step

simlari tﬁ bet ween the input i mage and a 25 specific
122) eForadlys ¢he mefpeence inhegeskevimg highgemiktritliiia gismdayed fstep

41 and the partial inmage matching section 45 is '
104r eater than a threshold. 50 In the i mage mat chi ng

system according to the present invention, it is a

mat darthgfsiziduembodimaent iR¥REC R INVERBIORe RS ITBASR be

I mpl. ement ed

conversion section gg 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 qondition).

When finding the similarity S(I, Gy between the input image I(u, v)

~ and each of the comparison images Gix(u, v} in the first to sixth

‘embodiments of the present invention, the image matching section 40 finds

one similarity S{, G on the whole, Alternatively, t.he'image matching

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

- maximum similarity S'ojm = maxk S(I, G’jklﬁ_)_ every model. -
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usi ng hardware. The functions can al'so be inpl enented
by reading an i-mage matching program 500 into a

conmputer to make the conputer execute the functions
~.of conponents. The inmage matching program 500 is

stored in a recording nmediumsuch as a magnetic di sk

or a sem conductor nenory. The conputer reads the

i mage mat ching program 500 fromthe recordi ng nedi um

RO i 00 IR SRR Y M6,

be use o] rson |

iSRRG P IR 0 SR Pl tored

in {14 féf@i’érﬁg iI ngrggfrﬁﬁm(fﬁg LOROE s%ér@gle Ahefiln 30 ai:sqgrréeiginTsh? g?sult

I mage, the e maf chtng system’conpri si ng

_ magﬁlgiifn@%e@tiﬂﬁtﬂﬁba@&ﬂ%a tsﬁﬁ:glhfr:ie@;ﬁ D; i"—“ﬂ? ?)(gg}ajglé ?”ijlg% gé ﬁgé & the

representative t hr ee- S| Ona

malEiang reShlt Rl RadahabhatRREWBEMN L ISNG, 6F§a%hedg%ﬁe itrBEQSnce

and the representative three-dimensional object
im ageeinstheafderievas smhee nigichi@y vt BRrh 8L S6QNRESH, BHE
simlar to the input imge y using a result of the
extnadts referbneeimé fes irnghd désragairgnek de?r®f tRe similarity D; of the
representative three-di nensional object nodels and a
mat@suktrestiltt Rerthetroivre biet theethrbbelimeheioniat ebjectgmdaid
the representative three-di nmensional object nodels.
gergratine seqtige 2fdndhe fgusthsimiretuth endbotjments hawalll,
further, conprising: 15 nmeans for finding a reference
repregeadativashageodianemtiprek ohjeetamodsisovintbedonitined heery
~reference image sinilar to the input inmage; and neans
Parfigl *A&IANy retrieving the. reference image simlar to
the Jdnput, i ing the reference B

t hr &&- en't"éq§|§ gg%gqtg&il 5 1meavke of she Present ApYRNtigmeperation
of retrieving an image of the same object as the inptit image from among a
Iarge number of reference images has been described; However, it is also -
possible to apply the present invention to one-to-one matching for
détermining Wheth.er. a specific reference image .is an image of the same
objeét 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

D1 = D(Sej, S1;) between the matching result Sg; of the input image and the

matching result Sy of the reference image Ry. If the similarity D is greater

than a threshold, Ri 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 anda

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

- _ partia_l image matching section 45 is greater than a threshold.
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.20 3. The inmage matchi ng system according to claim 1,
further conprising: means for finding a reference
t hree-di nensi onal object nodel associated with the
reference inmage simlar to the input inage; conversion
means for squaring-an input. condition of the input
image 25 with that of the reference i mage by
converting the input imge and/or the reference image
~on the _basis of the reference three-dinmensional object .
rodeft thengnage mabehing sy stern Aceqtdine thehe Bresesh daveitigp it

is aPgiAL b Ao et TRREEIS ALCHBP pete Eap i P e geTted by
A i t iti . 4. The i t chi t e
usin hetRiverS PP hurfdhions qaiils Mol TBhEnnoepS Fih fhe.on

BB SRR R0 RS DA R e

thetfﬂﬁc{iggmﬁ é??ogﬁ%#)ﬁ@r&g TR im ei lﬂggc%ﬂgﬁ?%é;%&%% %ﬁ?tisﬁg]gonrgd ina

accor aim’l; “conpra’sin

ol IRERIBOG: IRU S § STREORHY o, Do

conf}%&%i- B8adks ﬂlﬂnﬁ‘é? %h&?féléi{l\%ﬁ%lg%?gf?ﬂag@ﬂ’ from the recordinrg

ree-di nensi ona | mage generatio

mefl®@RS for generating at | east one conparison inmage

close in input condition to the input imge every

represent ati ve INIMISTRIATEAPRITAABIIGG nodel on the

basis of the representative three- dinensi-onal object

nodélise piegeatlinventive ¢apbesead dby persbhiden tdfiomtich,onal

15 obj ect nodel storage section; i|imge matchi ng neans
indivadusbaatheattication, si thd Hke tusihetnaeamgehd a facpor thedide.

and each of the conparison images generated by the

I mage generation neans, selecting a maximm

simlarity with respect to conparison inages

associ ated with each representative three-di nensiona
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20 obj-ect nodel, and regarding the maximumsimlarity
as a simlarity between the input imge and the
representative three-di nensional object nodel; a
- reference inage storage section for storing the
reference i mages of objects;. simlarities between the
reference imges stored in the reference. inmage ,25 a
reference i mage matching result storage section for
storing 53 storage sectign and representative
t hr ee- di mensi onal obj ect ChddMS stored in the
representative three-di nensional object del storage
sect 1-ohn Image reahingraY SRIh Prieaieving a Blerenas Mpdene
. reference image sinjlar to the.input inage on, the
S 0 ¥ apy 1BAES, L8 LRAgRIRAL FRPEE PHRRBESHE t he

representative.three-dj gensi onal ,ohject.nodel s .
cafcmeapag%glaésﬁ%g RS ﬁ%ﬁv&?ﬂ@e RHE image and a plurality

imlarif. b .h f.er d th
* of Fpedibnbis e Bt fel SuHERSTefsber model s ot or ed

|1 CRRREHSY SRS LRI RGNS SISl BHAE and the

I'ng systemaccor

rep%%?ééﬂé}a@iﬁg&g?éQﬁfmefx&ofim;iieéé el bfig- di mensi onal

regrstration-nmeans for registering

reprgagnt by f’e%ri‘e%?geﬂfgd{@é‘rﬁn%@?i @Bl B6li1a1d giellé ii;?uf fi8age

representative three- nensi onal “object noD or age

by S8fid #ResdIELELIRNARtENBEBNESOLIRE [fthitAm JERANS {104
registering reference images 157in the reference

reprE®dftasiveidgse-8abh8bhaPollefem@HERGEd FRESURRT¢he Adatch
result update neans for conducting calculation of the

betsiadinl thiel feif@®nus img gt hedi thegepradetiihtige tRaveSdinddndonal -
conbi nation of a reference inmage and a representative

~objetirmeddistrensi onal  obj ect nodel newl y generated by

registration, when a new representative 20
t hr e2-Theemsge nsdtcbiygegistemdmcording égicktior ddfuirtheihe
representative three-
comprising:
means for finding a reference three-dimensional object model
associated with the reference image similar to the inpuf 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.'l, 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 imége and/br the

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

_model; and
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di mensi onal obj ect nodel storage section by the three-
di mensi onal object nodel registration neans, or when a
new reference inmage is registered in the reference

i mage storage section by the reference inage

regi stration neans, and adding a result of the
calculation to results in the reference 25 i nage

mat chi ng result storage section. 7. The i mage mat ching
system accgording to claim5, wherein the imuge . = .
at cPiCAGS MEaFRITERIRE) wlerngeimage %%somﬁéﬁthﬂéemput'

._input -inage an representative three-dingnsi onal
impg By e el bEEPPTRERe Pptomagarnd s brepeumae
o image mat chi ng.result storage section stores 5

T BT R EO %’ﬂﬁ/&—:\n the reference inmages stored in .

t he [ . storage sect.ion and .

Fepr sobi BRRGe PR B RR R EbE N 2o 8o pesein s

. ' v it : | Coct | |
corBrbilf hER e BEVIBLGIE RohPLAS L FERTRA%m O, S FRiEep oo
: t6hi t I ' it lar to
R R e e R e G

- bet weerhd HRabdpitchiRos 28 atcfa@rdiﬁg% REAM ! éMfprising:

t hree-di mensronal object nodels cafcul ated by tﬁe :

| madigna fERinpiit i ARATRY i8PAttin®Thd ifjutiieen and

simlarities between the reference imges and the

I epres@pitesthiseivichihese déineBsinah ahjeebirkilic] BRAQLS section for

stored in the reference. inmage matching result
stosingraphadicy obrepreeeytapiiet thabe dogeasiondh oBjecl heodel@ge

mat chi ng system according to claimb5, wherein the

r es ulmagesgarivrat onenesn < fir @enatasng abildautidnea nietnisan
. simlarities between the input inmage and the
imagepelesein muteconditéen telthehyivdnalagehiveey mprsestaiive
" simlarities between the reference inages and the
threpesdimeapionel vbiech moslel prghe ibasis ofdbeaepreasaditive ke n
.. the 20 cal cul ati %n Erovi_des the resultant. simlarities
dl%ﬁ&%ﬂ@ﬁéiog’m% rapdelpstergdiin the reprasantritee phrecedismnsional

.simlarities between the input inmge and the
objeetng ?]S%Hrarg?a"ﬁ’@g{%ghd the representative

- di nensi.onal ' | s. T
thr %gnadglenrgatc'clh?ng mgabﬂsef%tr cgﬁ%?aﬁng 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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9. The image matching system according to claim2, -
~conprising: inmage input neans for inputting the input

i mge; .25 a representative three-dinmensional object

nodel storage section for storing a plurality of

representative three-di mensi onal object nodels; 55

i mge generation neans for generating at |east - one

conparison inmage close in input condition to the

i nput i mage every representative three-dinensional.
stogpgeeectipyend gaptasentadivesthyeeiimansinned ohjest myedels stored

. three- dinmensional qbject nodels stored in the = =
- in thepreraeppniative tgﬁ?%gllaﬁ}%%‘%ﬁgﬁ ect magls] storage geqtion; and

e RS At a0
o RS A B S0 ISR Tt e
oSBT AL S PLERI g,

m T e %h?‘ﬁhﬁrs'iﬁma%ti 'lfétWele?rﬂhte%ef SBX@Sﬂa%«%Eea @@H%

i FAgE an e representative three-di nensronal ob] &c
rep'fggeﬁ{téFﬁert%&*@é-ﬁﬂﬁ@néiﬂﬁ??o%ﬁagf ﬁﬂ)ﬁefse%'b&&fli e Arofddd

the reference I mages of ob)écts; 15 a reference | mage
im AR SlHtPideRllt SbRIRAR BigRt 1 On for storing '

simlarities between the reference inages stored in
the g.efled BRGLe M@;@Eingsé_ﬁ'té&ﬁ_eacfeﬁfdihg&o @Mm 5, further
representative three-di nensional object nodels stored
corhpribitg: r epresent ati ve three-di mensi onal object nodel
storage section; result matching nmeans for extracting
t he thetedémeasionmd ebjectridwle] rogisttitidremeans for Mgdeteting
the basis of simlarities between the input inmge and
reprosentapive Shn¢atlinnengihnekelfjccemsidelkain thizjrepresandatise three-
cal cul ated by the image matching neans and
dingéneionali abjest medeledoragecsectibai ence i mages and the
- representative three-di nensi onal object nodels stored
i n tueéereare impee 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 registratioh, when a new representative

three-dimensional object model is registered in the repre'se_ntative three-

I_ ~ dimensional object model storage section by the three-dimensional object

25

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 o

image matching result storage section.

7. The image matching system according to claim 5, Wher_ein_ '
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I mage matching result storage section; 25 a reference
t hr ee- di mensi onal obj ect nodel storage section for '
storing reference three-dinensi onal object nodels
‘associated with the reference inmages stored in the
reference i mage storage section; 56 second inmage
generation neans for obtaining reference three-

di mensi onal object nodels associated with reference

i mges extracted from the yesult matching neans, fram
the fas EResemat APABASH i@teébfﬁ geplanfgdatweenthganput

._sectign, and generatin t | east. . second. conpari so
imAgg ol KICEEHRA I SrPRooRal SPieRemoRpLeve R Al

every reference three- dinensional object nodel on the

- TeH}98i s of the obtained reference three- dimensional

cal oo R g it R OB gk RS g?%rﬁgg %ﬁg&"%ﬁ PREER anc
. _ : ; ‘ "3
sm?ﬁr%fgagga %8£(9§1{ﬂ ﬁ?@réfgﬁ(%ﬁ:% 1 Elgétrs%%(gl%d ity Ehe%e%%‘é%gﬁ? F%P%?y

ener I Oon neans, Se a nmaxi mu

sk BNARAEE SN0 SRS B0 TR ARTOFIAL ol o

in f‘ﬁ’éjfélﬁ‘esé{ﬂti%%ﬁ%’é-Hﬂnkﬂﬁoﬁﬁl(%)%gﬁeﬁig%l t@f{?g&%‘% 2 tfhn, every.

simlarity between the input rence
pattiile@cdid®rgl onal  object nodel. 15 10. The inmage

mat ching system according to claim9, further

CONpthesidadlt hmbt@fndim®asd enrhcRiheGefdreed image similar to

regi stration nmeans for registering representative :
thd hpee-idiggensi rabaibpsimilndeles betwide thenimadniaid med the

t hree- di nmensi onal object nodel storage section; 20
reprefextance thregdimensishahtbjeot mednk dadculaegl by ¢hé iipage

reference images in the reference i mage storage
madeleingoneansevaryframsiad ee givagen draibcilarities bstiv¢enuplimtaference
. nmeans for conducting calculation of the simlarities
1mggegnd Ree renrgeentatvie thaeerdamensionak object models, stored in

the reference image matching result storage section every partial region.
8. The image matching éystem 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 Si_.milafities 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 aécording 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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conbi nation of a reference inage and a representative

t hr ee- di nensi onal 25 obj ect nodel newly generated by

regi strati on, when a new representative

t hree- di nensi onal -object nodel is registered in the

representative three- dinensional object nodel storage

section by the three-di nensi onal object 57 node

regi stration neans, or when a new reference imge is

registered in the reference i mage storage section by

t he Y385 %@é@%g&%%f@ﬁ%e%ﬂngﬁéé?%it CAYPCOARIPR AT Th
. result of the calculation to results in the reference
imagkelaseit EHHonditien te FE‘? MRUSIERIgRrery fgpEesentative

O pEa oreebael 4 tBR HorCLiR eRFS BT RdBree

R S

.mat chi resylt storage section conducted by the
* obifGr BPRERE i e e

nce Pt’:hi ng result update neans, for

ek ol S ALAIR LS PR INA Bhket 40
P R S RS e TR B,

gerlBRERbn ShRY %eﬁeﬁhgoﬁnﬁ&iﬁ'ﬁ% BARIIErie) witler&dgBet 861 1Y,

and registering the generated reference

co:ﬁ{dﬁ&;rﬁiﬂ@@éé Diotia®dd ¥Gth BRES eprRsé @ tiveeheb8WRensional
t hr ee- di nensi onal object nodel storage section. 15 11.

- objddiembaelg andakgmdif e 318 teaiacear i rity 4 fbithilQrity

wherein. the three-dinensional object nodel
betgenarthtiinputriaage gadahatresrasentgfies cnee-dimensional object
t hr ee- di nensi onal object nodel associated with each

" modelference inmage by conbining representative

t hr ee- di nensi-onal object nodels stored in the
r eprecxadereaice imagesteragdi seetion dombtorhjethe redeiesincetioragge of
section every 20 partial region, on the basis of
objegtsi | ariti es obt ai ned every partial region between
reference inmages stored in the reference inage storage
sectd BHexange 1mage diatebang vesulh piarage seeldenind] stebingct
. del.s stored:in the representative, three:di nensi onal
simgiardigs belgeen rrsgege %‘g%ffléﬁ‘?s %ﬁﬁ’c‘]eﬁ? By thg seferemnce 1mage

' stolgaeg%esré%hgg 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

| répresentative 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;

56




10

15

20

25

reference three-di nensi onal object nodel in the
reference three-di mensional 25 object nodel storage
section. 12. The image nmat ching system according to
claim9, wherein 58 the inage matchi ng nmeans
calculates a simlarity between the input inmage and a
representative three-di nensi onal object nodel every
partial region, the reference i mage matching result

stora{_gaeq ection stores 5 si n;'ﬂ%ar %i.es bet ween the
r ef ePEREE INARGEETET BHAR TOARSHIOT 0BfANING Lefepenpe three

i B BB BB LB S5 TR 08 o

thre nsi onal _ohj ect sto ection, .ever

the Sl bl RR e G e T at R T
ARS8 O St B I e
clobd'fy SR ERRNNIG Y T ﬂ&eﬁ&%%%p%qggef&ehs&&hf&de' S

e i mag ans every parti al

dirh &HiORa PO e & bAST dd Eﬁébﬁﬁ%\ﬁ?gﬁ‘é bb&ih&d ?Efé@@ﬁcet tHmRges

and the répresentative three-di nensional objec
diti®eiabsal SHjestadodsls; hag reference image matching result
storage section every partial region. 15 13. The inage
mat cdiicogd $y2ige M atchdn &l inih isdof ballctl BinMBRh BhAtick MR tween
result matching neans calculates simlarities between
thesinput dmalgk esm doicond RotdiRiri soplitn 4 gea g neRgtddniey the second
representative three- dinensional object nodels and
imsgagtmaratioesnbahyyeetedthe & efsnianne similgesydnantdmong
representative three-di nensi onal object nodels, and in

‘secphd codipealsonl iatd ges, associataiewithhencbesfithparference three-

.simlarities wwth weights on the basis of candidate
dimprsgerrdridaecimedels] and regardieg eemahmuympimilandyesand
. the  conparison inmages and the representative -
Sm?flirﬁré‘éf-hﬁtmgitbﬁanp@g jrmage gpddihe referengs thyagadjsnensional

.mat chi.ng system according to claim3, conprising:
QbJ??Fa‘&@d? put means for inputting the input image;

10. The image matching 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

reforence 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 =

'iject model nery generated by registration, when a new representative

e -three-dimensional object model is registered in the representative three-

- dimensional object model storage section by the three-dimensional object
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25 a representative three-di nensi onal object .nodel
storage section for storing a plurality of :
-representative three -dinmensional object nodels; 69

i mage generation nmeans for generating at |east one
conpari-son 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-

i rensi onal object nodels stored,in the representative
o] BREATAOAGBRGRS. o T6hF et de Qs RS sarEbtrered in

oS e S AR BB B o

 mdaROER AAEIER L P MBS DB rnco

. ri-son | e oci ated wi;th each representative .
lmggﬁétgﬁlﬁl%n%gg%aﬁ%ﬁ% %e&%ggf aﬂrr%del , and rggar_di ng the
TEX AL o . Crilari ‘
g Tt ek ldr 0Bkl nidPL eBhbiotior HAERHL g O
reg?%c?&ﬁb %f%esfiﬁfiﬁ.&&g Bé’é%%n%h@fr@%_%eﬁ%fﬂlgge A4 thkor i ng
e reference |1 mages of objects; 5 a reference i mage

rep¥BédthiigetBSeH-HimbREBAG SISkt RBJEPIn BHFdBbnce image
simlarities between the reference inmages stored in

" matdlEingabSHRNEErdBBBetiof cBhAGeed a5t 1t retBfnce image matching

representative three-di nensi onal object nodels stored

" result whdateapeess fbagenerdiicthdidfensiconBled ] aehsiohdbbbject

storage section; result matching nmeans for extracting
motlEkeagssetmted wdth thg ecferance imtagethy 28mbhengrthetrepragataiive
" the basis of simlarities between the input inmge and
thretrelimensemad objechniodels bored dn ke sepreabntiiecthreedel s
cal cul ated by the i mage matching neans and

- dinsgnsionali abjess wedelednrageesactibaroaniae hamg et thmeiniarity, and

representative three-di nensi onal object nodels stored
regisiering thefgenenated redepenea thraondimengioralahjeefgaodel in the

section; 25 a reference three-di nensi onal object nodel
refegiegeq ghressdimepsippgl object model storage section.

11. The image matching sys_tein according to claim 10, wherein

the thrée'dimensional object model generation means generates a
reference thrée'diménsionai 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 regionf 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 r_node'l storage section.

12. The image matching system according to claim 9; wherein
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storing reference three-dinmensional object nodels
associated with the reference inmages stored in the
‘reference image. storage section; image conversion

nmeans for obtaining reference three-di nensiona

"obj ect nodel s associated with reference i mages

extracted fromthe result matching nmeans, fromthe
reference three-dinensional object nodel storage
'sectlon squaring an input condition qof the input

i mag therange ﬁa&tcgm&maas ca f@ﬁ@eglmffgetYé?&tW&éﬂé@eﬂ?PUt

t he resul t . mat chi ng conv in i nput
- impge gad AETIEPSAHEtES Pﬁﬁl@@aise{) a@w@ebwwﬁfepartlal

rresul t matchi ng msans, on the basis of the obtained

. 'e#@Rerence three-dimensi onal object nodels, and

?ﬁgg R eﬁwrﬁtlfﬂéfggi g Lﬁ%%iﬁpégégﬁ?&t%%@% SPﬁtl%hgtérgg "
S.ini‘fai%ehfe%%%“a%&t SFletinis miRg S0l oP R e e
stol&'%g E&{tiér?% sgﬁtétﬂ?e Hﬂ%@tdzﬁh{@%ﬁ{ﬁg %bi&? ﬁgﬁeﬁr%g{ored

ge

erence |nage genera

_ in 880 e&rggb%a@%%reégﬂngg gﬁje@?hﬁﬁepg‘c&Xéé Egﬁtion, every

according to clarm nprising
paft‘i’éex% 4resd onal obj ect rmdel r egi st rati on neans for
regi s r| 'ng representative three-di nensional object

modeji fdiulil afeRheSREA M émabmﬁ@ re®iBBAS iAABL sphilaeto
nodel storage sect 1 on; ref erence |nage reglstratlon

th ihfgel ROt BA4iBOf ERHBALRES HefRESs the|id\& image and the
reference i mage storage section; and 20 reference

repréBgeatBiecihirag dimsukionupdbjeet Mrrlels fdleulatatibgtthadgmage
calculation of the simlarities using the inmge

matehitlg mganeansry partialceglnmand eimdbrities detwent eheé pefgecnce
and a representative three-di nensional object nodel

imaged yndjthe repmdentatiegilate atimensionsd obpchevwdels, stored in
representative three-di mensi onal object nodel is

the eferemeedmage mhtching resihstariage sephier epsryd) ansidireaion.

obj ect nodel storage section by the three-dinmensiagnal
obj etd- Thouenree swtshing sstemericerdise tartaitadr wheraince

|mag%|s registered in the
e result matc mg 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 -

| ‘_candidfafté 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 m.eans for inputting the input image; |
a representative three-dimensional object mOdel storage. s_ectiori for

storing a plurality of representative three-dimensional object models; -
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and re
 obieg; medal HSFRS

reference i mage storage section by the reference inmage
regi stration neans, 61 and adding a result of the
calculation to results in the reference i mge

mat chi ng result storage section; and three-dinmensiona
obj ect nodel generation nmeans responsive to
‘registration of a simlarity between the reference
image and the 5 representative three-di nensi ona

obj ect nodel in the reference inmage _matching result
st or lyagesganarationoneans f ganeraingetdeasicans goagparison
matching result update means, for generating the,

- impgs elosh s intitaenditen §p shalnpp) Eease eIy reRERGETAIEY

with the reference ijymge by .conbiping the . ) :
thregphmeggionel phiect Frade] @M&@sb%h%lp S5 eprespiatiye dhysesd
.in the representative three 10 di nensj.ona] object .
dmhmpn%lt%a%@éng £isERTednimy the ﬂ&%?%enéﬁtlvﬁéhg%ef#}na%lﬁl%al |
i st eri%‘% the generated reference :
#08hj ect rmodel in the reference

o SRR O £ BB G SRS ke

L R e

o

gezgégja %h QI?A Sgﬁ%ﬁﬁ{g}% ﬁ‘ga)u

I'ning representative three

. i bv -
Jin%?tg\ha{“ﬁ %m;fssg%]!zggg y

I 'men'si ona

cong%?zg%?c'n ﬁn%ggtreéjassio[?iﬁgﬁ WitR e ek MMy Rt At Lhr b R nARRIal

storage section every partial region, on

objb&embasl, ﬁnefregamihgrthbilﬁﬁxﬁﬂﬁﬁ A1V ¥s Rathilakity
region "between reference imges stored in the

“betinRiedl BRGAPUIRAGES hadadR 2pebdcanatine tREb o Eieaanh Al dbject

t hree- di mensi onal object nodels stored in the

- mo#lepresentative three-dinensional object nodel storage

section, and registers the. generated reference

t hr ee refereeiiorgle sibj et savbibal foi stdries tleé esferaree images of

t hree-di nensi onal obj ect nodel storage section. 17.
objétte; i nage mat chi ng system according to claim 14,

wherein 25 the inmage matching nmeans cal cul ates a

si ni 4 aefergndedmegermatehingpesultistengge sngtion for storing

representative three-di nensional object nodel every

| sinylguitigs 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 iﬁp,ut 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 '_fof -

storing reference three-dimensional object models associated with the =

reference images stored in the reference image storage section;
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_ imqgea%eérerg

region, 62 the reference i mge mat ching result storage
section stores simlarities between the reference

i mages stored in the reference image . storage section
and representative three-di nensional object nodels '
stored in the representative three-di nensi onal object
nodel storage section, every 5 partial region, and
the result matchi ng nmeans extracts the reference inage

:' m lnﬁg tQonvggﬁohqggél%%fﬁ'%%tg{hllhgg‘eﬁ?ghtge %Lree'dimensional '

|m]I I es between

objegqolg:%ﬁa s ee%%gé’iﬁ{c% Wit PéfgfélﬁieQEﬁﬁgeg %&?Hcteﬁ)ﬁ%ﬁ the {esullt

e Inage matc nmeans every

' 1AL r
mat&Gin gs B, t%'(ﬂhtﬁ& b ERenbeINRS ﬁﬂ}fh c‘?ﬁaq o?ﬁ\%c% gﬂx@d storage

I mag e representative three- IﬁEﬂ Jec

sectRACk§uafihpa@dnpft chbhgitidH &f ﬁ{ecr% hﬁ&%g@%ﬁﬁ'tﬂgt bead t
storage section every partial region. . The i mge

refeRineB MG o8 et ABted B9 tHE REs IR rﬁh@h‘i‘ﬁé—ﬂaea‘ﬂé%ﬁédﬁve&ﬂﬁg the
result matching neans cal cul ates simlarities between

inpsit firdageidridésr fiet wderenich émiageWixtrd8ge bante trbsult matching
representative three 15 di nensi onal object nodels and

meahgj drathd bess bétheebtdihed refeee veeckhrearig@mensicaad objeet
representative three-dinensional object nodels, and in

motlale, andigenkrting paprialinzsed teepeatsvdly afiths inpbtam s geand
with weights on the basis of candidate precedence of

thestef¢rears 1ihege Batarsshin inputmenditiomgdtlapach pher; and
conpari son i mages and the representative
© t hr eerdighemese martchnsmeapsder saleptating arswelhamﬁgebetween
mat chi ng system according to_claim1,_ wherei

thegiyraiad imseq Oﬁ&ﬁ%m%@a%ans&ﬁ ?ﬁ’ﬁé‘éa]nﬁ?ﬂ%%ﬁ A thﬁerq%wnce
for retr a.reference L m simlar to an input

%—g}é‘“euﬁﬁg%ﬁ?‘?ﬁﬁerﬁﬁ% 488mprising: a step of

e R SR ER e R RS B30 gl
Con%@éi?l%éof rrakl ng a match between the reference i rrage
three-dimensional object model registration means for registering
representative three-dimensional ebject models in the representative three-
dimensional object model storage section;
reference image regisi:ration 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 reference image is registered in the

_reference image storage section by the reference image registration means,

61




10

15

2

25

R e
g SRl RagR

representative three-di nensional object nodels; and 63
a step of retrieving the reference inmage simlar to
the input image Dby using a result of the match
between the input image and the representative
-t hree-di mensi onal object nodels and a result of the
~match between the reference image and the.
representative three-dinensional 5 object nodels. 21
he, .. mage - chi t hod accordiipg. tq claim?20,
and BAckRE % Seditot P AT s o6 P itk (hecr erance s ec
i onal o?iect-gndel associated with the
O 28 the input image; and 10 a

Py M 5k L ETE RSO
s RIS LSRN LR e

reﬂx‘ééé#ﬁﬁve%@@%jd%@gsfoggl 8%]%gfm%‘:iel iPti g%fﬁpelfge iﬁﬂe[“g%i ng.

a reference three-di nensi object no assoclat ed

- matbhihglRGultelt6F SRC& HITRIB nahMiddy L1 +d¥6rd lihldg@:}ﬂtﬁhcéﬁng

‘conversion step of squaring an i'nput condition of
resulPipdaieageani fob gbhatatlg terdfBicdicB 1R 8ed-ARABnMYnal object
- converting the input image and/ or the reference image

model & chasd svieh thbeefeeébiccittd by eembinmasihenapradinestive -
20 nodel; and a step of retrieving the reference imge

thres shigieaisthabicbfect heoddipetored imgke byprmakitfitive thaeeh
between the input inmage and reference i mage squared
dinhendiomalt ohjestdinbd elnstofdze SHedionmmgchentpd G iofi ghersinmdalrity, and
according to claim 22, wherein at 25 the conversion
registeping the geatfezatacreferemge theeepdiovimishyl dyactempdel inathe
an input condition of the input image is squared wth
refeyemce dhregqidirmenspankebject model storage section.

16. The image matching system according to claim 15, wherein
the three-dimensional object model generation means generates a
reference three-dimensional object model associated with each reference

1mage 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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sinpibandties bebrern the rqferqr)@s ABAERE 8E9Rpd

I mage. 64 24 The |nage natchlng nmet hod accordlng to
claim 20, conprising:  an inmage input step of
inputting the input image; a step of storing a :
plurality of representative three-dinmensional object
nodels in a representative three-di nensi onal object
nodel storage section; an inage generation step of
generating at |east one conparison inage close in-
i nput condition to the input image eve
r epridserefencnge 1mmrgeena@hmg¢%ﬂbstqy@g@@ecm 8YOr8H t he
basis of the. representative three- nsi,onal obj ect
iPriRedebIRaRS FOHEF

i

i.mage and each of e Co on | ener at by
in %h?erqnlfﬁge@ E’&é?ﬁém?%?? HmARalRg i@@?‘éﬁ:ﬁ"ﬂﬁfﬁ ast Reifor every
arity with respect to conparison inmges
pa Qor@ D:gth each representative three-dinensional

1% Ol IPdeken B LSRRGS BB OL LAAIAY to

as a ween e |1 nput 1 mage an

~ the ﬁﬂ) %515{5% ctrhvbanetg' §6of bfﬁ?ﬂac.’hﬁ'a@lbe?@b%ﬁ;he 1m§’g99£ﬁ@ the

e re erence |1 nages 0O ects

regrBE&]t Qimeh&od ?oﬁj‘%?febﬂﬁelsz&l@uﬁhﬁi)b?fthé t1ﬁfag@9

SIm arltles et ween t e rererence | nages stored

mattﬁlﬁi ge%@éﬁél 6Fork i) R ERAC 1B Sinh DArifiRE DeBRESS ERé @éﬂe}‘@nce
i mensi ona obj ect nodels stored in the

imA S8 £88 %@Yéﬂ&sbﬁfa&ﬁvedﬂmwlﬂi@ﬁbl&m objectrattrlels, Storcdigin

section, in reference i mage matching result storage
theSRgbiciite 1ﬁﬁ(§eanhaﬂﬁhg re@ile Btorggs septioi eexly pattiaigetivn.

reference image simlar to 25 the input inage on the

basi $8.0The imhkandtckinghstshemncoedinggotclaimmdd, whereine

representative three-di nensi onal object nopdels

cal ctHeatesaltom stitleingnmaegens 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 & human face.

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

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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mat chi ng neans and simlarities between the reference
i mges and the 65 representative three-di nensiona

obj ect nodels stored in the reference inmage matching
result storage-section. 25. The inage matchi ng net hod
according to claim24, further conprising: 5 a

t hr ee- di nensi onal object nodel registration step of
registering representative three-di nensional object
nodel s irbgh representative three-.dimensional object

model SEPCHAgIeERg (s releTears FBAEE SIIGE i 6ht STk RS
by Fii erE L pateh o BreeH Bre MRl ImAe SR~
rerg PR p e i EAab 6 LB BB v B i B4

oSO BROR BB DENSHETEE AR, O e ensiny

obj ”JSB&%EQ by registration, when a new representative
t hree-di nensi onal object nodel is registered in the
[ CPIEE UMY Filt Ak i HIRNA( A0 OB iy BBCAIrther
storage section by the three-di mensional object nodel
cori®dbiplgt ati on means, or when a new reference inmage is
" registered in the reference i mage storage section by
t he o effeprefiiflih RO f6RGICS thedd-AimenEaAS] olgBet @adehg a
result of the calculation to results. in the reference
assbeiged wathc thagpfemsick ingiperdgel avaottheinpRDimbge; el
i mage mat chi ng nmet hod according to claim 24, wherein
at teheteprHgewiptretiiengngtthp, referenne imeppe girhdameethd heput
- input inmage and a representative three-dinmensional
1m agds lesc usimgotdle refereate theeeedineansmionalpejedtanodegohthe input
. reference image matching result storage section stores
mgEe.simlariti es between the reference i mages stored in
the reference i ma storage section and

" eprids diheamage BRIEEngTReRAlGHEPTUBEdeClHs 2Dl Bt hee d

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 referenée image
squared in input condition. | |
23. The image matching method according to claim 22, wherein at
the co_hversion step, the reference image is previously converted, and an
input cond‘itioﬁ of the input image is squared with that of the referen¢e T

image.
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66 in the representative three-dinensional object
‘nodel storage section, every partial region, and at
the result matching step, the reference inmage sinlar
to the input inmage is extracted on the basis of
simlarities between the input inmage and 5 the
representative three-di nensi onal object nodels
cal cul ated by the i mage matchi ng neans-every partia
ies b en the referen

Qﬁgi ?ﬁ-ﬁ%ﬁ%%"%{ﬂﬂ%%% P TR Aftee g}%waﬁa%{:?@cﬁéf%%ﬁngf
Ctorsb St dou) SRR HEMERIRAR 1 Prge |
the 3 £ R fp AERLRlRT of PeipRilafite HpkSpflonditndl

representativ ree-di mensi o
secBioft | arities between the reference images and the
representative three-di nensional object nodels are
- cal cahh ahgsle gBRskdtib ft8p FetllATHS AL 14t 082 Woh@irison
simlaritres are provided wth weights on the basis 15
im#fe glapdidiBiputRoaaaEenee 118é sl intddd érSyhepraRRtifice
i nput image and the conparison images and the
threeigsasioahl vBjethirelelloieheilera oftfljca@prenathtive tBse-
The i mage mat chi ng net hod according to claim?21,
dinoargon i dbject randdlsagerednpuhestppesehtatipe threegdinensional
i nput image; a step of storing a plurality of '
objecipredelrstatagessectiose- di nensi onal 20 obj ect nodels in
-a representative three-di nensi onal obj ect nodel .
st oraymagentatohingated wdgelaydatidng i omibirdly lftween the input
. generating at |east one conparison inmage_ close in
imagmamd eaekipf thencaraparison tpaees geperaded by the image

representative three-dinensional. object. nodel on the

- gengxatian greanyy spleptag i pan Fiadanity #ikkKeinsshEo

obj ect nodels stored,in . the representativ . )
COMPAIISOTHIMABRS %??8?1.&%%% Fath eaghys P@?%?%E’%@EF?*&’FPEG?NMI

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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imggemgte

- objeelf mpdakrewhit senaip

an i mage matching step of calculating a simlarity .
bet ween the i nput inmage and each of the conparison
i mages generated at the imge generation result.
~ matching step, fromthe reference three-di nensi ona
"obj ect nodel 25 storage section, and generating at
| east one second conparison image close in input
condition to the input inmge every reference :
t hree- di nensi onal step, .sgl ecti a mximumsimlarity
STl RN A AL R T AR S S
each representative three-di mensi onal object nodel
Eﬁlﬁ'ﬁsﬁgtﬁtﬂﬁa%‘?ﬁcﬁ]ﬁﬁsi mlarity as a simlarity

Ui e arhefendf et AR me AR OO ERLE SR A e

CO]{l?I,ig{n%ce i rmge§ of objects in fa'ref erence i mage
Stora section; a step of storing simlarities
e} o R B LSEEAE LTG0 g

regrBE&R AR AL QAR henSBh & E bhiRPIRIN AL B A1 fr@gé%b%tative three-

representative thnree-dl nensi onal o ] ect storage .

dirBE8diHRAN, ijQct%nb&éleét@ﬂf% 4d¥Rig@; mat ching result storage
section; a result matching step of extracting the
r ef e esfeeendEBiGRadd fadidtiration stdifof MfpidtekimORfORntBemages in
basis of simlarities between the input inmage and the

| thelfefé@pice 3pnigatdtyigehieedond) aidsi onal obj ect nodel s

cal cul ated at the imge matching step and simlarities

bet vee esfetrdrmceriei sgeematchinggesulan date step efroasiertialzg ve

t hr ee- di nensi onal object nodels stored in the
calpelagiommfdheismeglaritesciiing the swlaige shatchipeg semrisonn aa

step of storing reference three-di nensional object

combigeltiond apeferdncedthagetand aaeprdsentatiee thnegedinmnsienhl

in the reference iprgﬁg st o,ri?ge_ section, in a )

_ HshRY spaiptigiione fvhasue mest pmpageentative
RGBS A Bt S5 SRl S
diné%ﬁs?@éﬁ&%?@%ﬁpé&aﬁggéﬁggehgg}l df@]teet;)gge%?m%kl)ljsﬁ%al gB?e%L
mohgf %%E&Egﬁ.gﬁin?ggﬁs, %?jvﬁgetn a new reference ima.ge is registered in
the reference image sforage section by the reference image registration
means, and adding a result of the calculation to results in the reference
image matching result storage section.

26. The image matching method according to claim 24, wherein

at the image matching step, a similarity between the input image

and a representative three-dimensiqnal 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

66




10

- 15

20

25

‘nodel s; and a second i mage matching step of

~calculating simlarities between the input inmge and
second conpari son i mages generated at the second inage -
generation step, selecting a maximumsimlarity from
anong second conparison i nages associ ated with each of
the reference three-dinensional object nodels, and
regarding the maximumsimlarity as a simlarity

. het the.input i d the ref | R
in the BPTRsemiRt e i d e Sitat P esEmodal Sfrage sontiamiexgry
t.hod- ing to claim28, further 10 i sing:
palf AL L M L CLtt “model 1 ogi strat o st op o

LA Pl RGOSR e DS IR PP OB
imé‘?éggé %)éi*%téﬂ%ﬁﬁl%tﬁa%?s P%i&ﬁﬁﬁﬁﬁ@& Seﬂv@@eq{aﬂﬁg{pﬁﬁgi&[dg%rhnd

registering rererence rrmages I-n

. thernlgeftpg%%aﬁmg@eéaggeﬂﬁoﬁsp&gg&%ggleacaﬂ&hﬁ%%gg lthm%ige

_ ~result update step _ ucting c ation
ma®éhinBenSh M bAdryl 310 ShBONL AR LidBiGEiTRE BREWEe A BR Fofethee
a conbination of a reference image and a _
im A& a5k thabdpieséiieRedivendinBabionR] 66fecibdflcld)@Mdréd in
generated by registration, when a new representative
the2félenee 16hiage ifh twhihg 6kt btorage kedtior! 6@d151 RN1eTh]irBgiohe
representative three- dinmensional object nodel storage
sect2b s inhdnge hiutelengi metisidonabrdibjoaotclaim@d| wherein
regi stration step, or when a new reference inmage .is
r egi att tdyeawsith mhéchingftape stmilandipe Istocagesisdletrities.  at
the reference image registration step, and adding a

‘betmesulthednpuhémege epddbeorpresentative thiae:dimeensiémalahject

I.mage mat chi ng 25 result storage section; and a
moglplsendysimitaribas betrpaat thawaferenge iwages emdsthep of | in
response t gistration of a simlarity between the

r .
repregeqrtative tﬁﬁ%ﬁjgma%ﬁlpml objeds padels sapcalulated, and in the

| t hr ee- di mensi gnal obj.ect. nodel in . the reference i X
' calcuqa%mn t'he resul(i):ant s1om a191 les are proxgdeg Wltﬁ welgﬂts on t eggasm -

of candidate precedence of similarities between the input image and the

- comparison images and the representative three-dimensional object models.

28. The image matching method according to claim 21, comprising:
an image input step of inputting the input image; |
a step of storing a plurality of representative three-dimensional -

object models in a representative three-dimensional object model storage

section;

an image generatio'n step of generating at least éne comparisoen
image close in input condition to the input image every -represent'ative
three-dimensional object model on the basis of the representatiire three-
dimensional object models stored in the representative three-dimensional

o’bject model storage section;
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mat chi ng result storage section conducted at the
reference image matching result update step
generating the reference three-di nensi onal object
nmodel associated wth the reference i nage by

conmbi ning the representative three 5 dinensiona

obj ect nodels stored in the representative

t hree- di nensi onal obj ect nodel storage section on the

- b . . .. . . H ._t . .
e Sty ot A 5 Wi o

8 e e A Sl o

o8, e S, kb Gt (EOB B

ass00]268 Wikl @hcRYEPRIsah ot tHre8ahhdRIGAMbRA: MRERL! Snd

generated by combi ning representative

- regafpdirgy theBiXinnal sibjlesty AP d&difilSiQ 18dwieBnthe input image

representative three-dinensi onal object nodel storage

and ¢h¢ remresenertyvadiret alimeagioaial obfect Reodedsi s of

simlarities obtained every partial 15 region between
r ef ea etegeof stageg theaeftence ihhges of ejectedniafderence image
storage section and representative three-dinensional

stovagetactiopdel s stored in the representative

t hr ee- di nensi onal obj ect nodel storage section, and

t he 2 geperlateringsimilanidiesthatweetitiersfarnnte Dhaget stored in

rmgel is.registered in the reference . .
thepieierenge ABage shenags spelion rpdaieptessnigiive shrdeotimamioal

.The i e mat.chi ng net hod according_to claim 28,
ObiqaRatals SERD {HregRTRARCAFNg Haadidi e asiond libéqs model

bet ween t he i gﬁ t image and a, representative

StOTHRERECHORe L R SREreRE] BERSHBMEPDINE teanlistarags wrbiop
P o et ik e 81 SEERFGne IRE FeBRo Rtk Midaks Bimplar to
; ' . dn-th f i
the {fip6E BRGEe MR ach! O fhileli T PES i B SmpTiE Angn amd the

- rep : éﬁ?ét&g@ gﬁfe%&ﬁx?é}gsgogeﬁoﬂﬁ%: élﬂggélg%afc%?g%?zeit\étﬁe 18%,aegey

ree-di mensi ona j ect grage s
ma @ik 8oy £84 nilaRPies 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

assoclated 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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at the result matching step, the reference i nage
simlar to the input inmage is extracted on the basis
of simlarities between the input imge and .5 the
representative three-di nensional object nodels
‘cal cul ated by the inmage matchi ng neans every partia
region and simlarities between the reference inmages
and .the representative three-di mensi onal obj ect
. hodels, stored in the reference image matchi ng result
objeetomadel emthe basiewéthe phtaingfl refegpnee tigpe-drmensiangd object

nmat chi ng net hod according to claim28, wherein .10 at

mogpks: agdul t mat ching step, sinilarities between

simlarities between the input, i e and.the
r eprSeongmAase RALIIBE REeR P ﬁ%lpu%?rb%%lm%%@% bgtyyeen the

. simlaritiges be th ef [ d. the,.
inpy e ATt Sepa KPR AT 0BER AEY ST AR, Hlodis Secapg image

| cul d, i ‘he . | | i , h I :
geretpfion et et BitcuiBn i e S SR St 15

_conl(l)]fﬁ%ﬁa 19 inqééeesa%%s%?%gg@ %\?lﬂ?%aélil 'cﬁ'l:ﬁ Lgfgxeeélcgﬁ:g;\f'%%giﬁlgﬁsional

ut 1 mnma comparison. 1| mage

oA FAERL A Ko A EE TS A ERY (Bl

 betGRERthe!Rgut iﬁagé qRA%H %Péneﬁ&@?hl%fe-&i%ﬂs%ﬁ‘% dbiéet model.
- put 1 mage; a St I I 0

i npu ; ep of storing a plurality _

r epres eain Y& MafE8nd MBI PARbLrdidg 8RSk 28DAGEed N

a representative three-di nensi onal oObject nodel
conSpAs@e Section an inmge generation step of

generating at | east one comparison inmage close in

i npud tleeeeiicaridrail obfeds mpodelineplers2iat ytep of registering

representative three-dinmensional object nodel on the
rephesirgatifve theco- ém @sdonhak ohjectt mpdelsdh thiemepsésemahtive three-

obj ect. nodels stored in the representative '
dindwsenaldibpertshodel stofsgectectiodel st orage section; 71 an

i mage nmatching step of calculating a simlarity - )

bet vieeeferdnseiimage reghmatiemdtameiregisteiagasfppanrs bnages in

i mges generated at the image generation neans,
thegrefenence gmagersiaragmesttionandy with respect to

conparison i nmages . : : - .
' rrpa reference 1mgage 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 r.epreséntative_ three-

i __d_imensiona_l 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 refe'rer_zc_e image and the
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associated with each representative three-di nensi ona
object nodel, and 5 regarding the maximumsimlarity
as a simlarity between the i.nput inmage and the
representative three-di mensi onal object nodel; a step
of storing the reference inmges of objects in a
reference i mage storage section; a step of storing
simlarities between the reference inages stored in
10 the reference i mage storage section and - i
repregrigstine shreesdithersiodnhebistbomare] phjhacrelprrder dmagsr ed
in the representative three-dinensional object node

- magehinggesuletornge seatian cendpetedat thegeleraned ingee saafiching

storage section; a result tching step of ,extractin
resu#eupfgat@rsé%engg@ngitﬁﬁra erppce &@erﬁmﬁmi%@ et apede]

basis.of simlarities betwee

i n the .input imge and the
 asspolated At MR F¢loEe R lRARS PR AT HHngg‘FéfEPr aErieve fee-

oG et PO AR Al AR A58
o B BRI grine
el e QLR LA GRS RE R PERTA BBt
thﬂe@-fdﬁﬁ%n&%ﬁ]t%}'gﬁﬂﬁ%t hf&%&?sﬁir%%@%%cti&ﬁc“ on, Ina
reference ree-di mensi onal” obj ect nodel storage

sectdpmy i j f "Ml :
L3 "’I‘heaﬁ'%ég@ t@lﬁﬁgﬁgﬁg}?ﬂoﬁéc‘%iﬁﬂlg 3R AR 289 wherein

ref erence three-di nensi | ect nodel s associ at ed

W t {9 ahe 88 8imBRIRS B Sbjeat hlleBEehOVatioRSiteb, a reference
mat chi ng step, fromthe reference three-di nensi onal

f
threébidefmlensiaeal ob‘}ﬁ@t aflel BsSReAtcdnyithGuahirebraficd Rkke is
condition of the input image with that of the

. ged@hBIERE Combhgacaspravhestias thive-deselsiomsltdtfestgnedelp

by converting the input inmage and/or the reference

storethjietlextepresantasivet heee-dimehsioant bbjegt #ddsl siprage sediion

basis of the obtained reference three-dinensional
everpjpectiahoeribs, on dinebgsisef asimnbgrivestdibdhinedeayesy partial
respectively of the input inmage and the reference
re g‘lmgetvsmmreé@wame ilmages stimeidtingheefarenegimagnhetoragad
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 partial image matching step of calculating a
simlarity between 5 the partial inmage of the input
image and the partial inmage of the reference image _
generated at the inage conversion step. 34. The i.nage
mat ching nethod according to claim 33, further .
conpri sing: a three-dinmensional .object node
regi stration step of registering 10 representative
{.hree- di nensj onal og}ect nodels in the representative

edhgpe ghpersiopghehiest Bogdghsiorags sestion, every
ref.erence i mage registration step of registering ' _
partialegiih &fages in the reference i mage storage
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representa ree- di nsi on ] €eC
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- reprgRpaItatiye

~image is registered in the reference 1nage storage
theSiREérie@Be i abBen ARHeR S Pe 1t Bﬁﬁ‘ﬁ%é S&tRdd e¥dr9 b SR ,re%i!'fbﬁ.
adding a result of the calculation to results in the
r ef 3R Mie in@geniMtkitisNg ethoiSadcbrdingrtodeaine 28] fherdind
a three-di nensi onal object nodel generation step of,
i n ragsihenseultomabchingissdy, atmilarvfeschestveehadntiriitdsween
the. reference. inage and the representative

. betwiwendhdiinpnt image andjthetreppatentative hierccedieramndendlnrgect

mat ching result storage section conducted at the

- modelsamshsimilamjes hatwedmther®fereak imagdatamdsthep, f or

gener at i ng the reference three - dinensional object
bregrdunensipnalhebjedfmpdelsare walplateds endiini thg
the representative, three-di nensional object nodels .
caleylatign. the rasalteaysimalaritgs arerpyogrled 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.

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

an image input step of inputting the input image;

a step of storing a plurality of represéntative 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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. repgesﬁntatwe itheds

di mensi onal object nodel storage section on the basis

of the simlarity, and 5 registering the generated

reference three-di mensional object nodel in the

ref erence three-di nensi onal object nodel storage

section. 35. The inmage mat chi ng net hod according.to

claim 34, wherein at- the three-dinensional object

nodel generation step, a reference three -

di mensi onal ect nodel assqciated with each

r ef eRHEAEP rm@%hmg sepgdiralatlatingys slsnbamibheetween the input

representative three- dlnen3|onal obj ect dels 'stored
image faRE eaeh 0é ko CANPAEISOR ABASEE BERSTAIRAIAt dBp dmagepperation

e section . gi on, on the basi s of

stora ver rtial.ce
mMegng; %“'g?‘?tﬂlil%é} %E%%%@ogﬁﬁf%@nw%@@ﬁ%@eto CHERELSA Yraees

th t t
asSOBiBL S EF O e YOG e el ﬂ&?&mods%%@j

regs e UiecRas iR 0aE bfetil € ar LTy HeBhRpn fBb bt imare

. an& IE%(?%% gﬁ%sci‘%n@‘lregtﬂll&%hsw%?lob e%{: gﬁ&igel ered in the

I mensi ona 1" stor age
t
L S T e S

stoShdd skicky between the |nput image 20 and a
%gr esentative three-di mensi onal object nodel is

Cal chb@ipest QuahY siBflbbitdds B WeeR thehefdrhes ﬁﬁﬁgeé SR96ed in
mat chi ng result st orage section stores simlarities

thebefueane i gt tEf@aGectiTRARE whos&ththtivt iRrdiRhMiEnal
i mage storage section and representative
objbttrmeddisnstosidoimadheoteipeedenitbtiob shad¢odateZHon sl dbject model
representative three-dinensi onal object nodel storage
stosgd semhionevenyrefgrante Ahagegiatchiranrkstdt storagdgeatasul t
mat ching step, the reference image sinilar to the
i nput resulbgmttkingatepof estrantingehbasierente shage amilaeso
between the input image and the representative
thetinpué inliage 0o @@dva%pg@mlimﬂﬁes betwean thecthpatt intage and the

i mmge matching step every partial region and
81 opplohiegtangdels calculated at the image

~matching step and similarities between the reference images and the

representative three-dimensional object models stored in the reference
image niatching result storage section;
a step of storing reference three-dimensional object models

associated with the reference images stored in the reference image storage

~ section, in a reference three-dimensional object model storage section;

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 -
_sebtion, sqﬁaring an input condition of the input image with that of the . .

reference image extracted at the result matching step by converting the

inplit image and/or the reference image extracted at the result matching
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5 images and the representative three-di nensional -

obj ect nodels, stored in the reference image matching

result storage section every partial region. 37. The

i'mage mat chi ng nmet hod according to claim 33, wherein

~at the result matching step, simlarities between

simlarities between the input inmage and the

representative three-di mensi onal object 10 nodels and

simlarities between the reference ipages. and the

'Stepe%éggﬁ@aﬁ% ?\@é@n& ri@ﬁ%ﬁeaﬁ%whw'@@%enwlsoﬂ}wé models,

and .in the calcula the resu

_ al cul at ed, ti,on, . t ant
anfi gﬁm@%mg Bartipldmaces; r&éae@mqwé?lw@%mafg@ %@F%e

f di dat ed f si.mlarjti t th
gl PR R TS Sodllh Mgt =
Tho. 1 RABUAT S Wy THLPRoRoR oL o By between

1540 B e MR 55 By B A e

im ¥ ELRGeA HTST BRGE. bMGR.SEAT 1o an Tnput | mge,

net’hod conprfsing: 20 a step of

T 04 BT, BRERR 60 TALrba aih gph

of
- con?%ﬁﬁ)ir@: maki ng a match between the reference i nage and
e

representative three-di mensi onal object nodels;

and atlsiteenligfens@indlObidtd rho@al@ER: L I .bt!@?gﬁ" r8ki8tbAng

to the input inmage 25 by using a result of the match
rephbedemetivt RBrdoidithendiBgel dsidet MedeRanaheneplddétative three-

t hr ee- di nensi onal object- nodels and a result of the
dinmatsidn adobjet: weede] tsheragef seictioae | mage and t he

representative three-di nensional object nodels. 40.

The 4 refgeenrativligegegitspataon atgooiitegisteninglrafaref8Be imhges in

i mage matching nethod further conprising: 5 a step of
thefriefietienge ampgé etwrnge seemer-aidrensi onal obj ect nodel

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, ih response to
registi'atioﬁ of a similarity between thé reference image and thg .
representative three-dimensional object model in the reférence image

matching result storage section conducted at the reference image matching
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associated with the reference image simlar to the
i nput image; and a step of newly retrieving the
reference inage simlar to the input  inmage by using
the reference three-di nensi onal object nodel and the
I nput inmage. 10 41. The inmage matchi ng program
according to claim39, the imge matching nethod
further conprising the steps of a step of finding a
?fer nce three-di nensio del ., associ ated
reaﬂ ;

#e step éﬁ@@er%@%nﬁe ﬁ?frgaeﬁfieot l’ﬁ% dimmsusionga ghiech

mo%l E%@esroisc g@%&l tﬁ{a FW%%enlgxpagen pat condl theonrgggéqgtfptatwe'

g A ”%ﬂihﬁwc%’ﬁi <t a%sﬁ@”d{tﬁ%géé’%s% ereﬂrreshf‘é"é’?

o 0 B BT, o
2 .

re %&ar g&hte%%.nﬁg%é COE%%?IC@QHI@ &ﬁq.:%{]sqgn §%tt %l%d%].gln the

- refEfeHPb %H}:&C&fﬁﬁ&ﬁéign%f)ol‘lfjle@ Hoddt stAPS: eeéfﬂztﬁ)tn the

- conversion step, erence Image 1s previously
convey tg inddih AYhtchiRUhe IR ddoPdin®’t tér&rhmuw e
1S squared h th%lt1 (%lf&Fhe refererj'zl1 eol mage. fg@igl

The diri@ehisd-aithBAsRnAYbBRCARRAGH k8feraidt fep! §%efetrsﬁce
i mge mat chi ng met hod conprising” an i mage i hput step

threé-dixpationalobjeet bitilel akstrieted APith cdleBRefireftOihALe &

plurality of representative three-dinensional object

germdildshy corabirdpg esprds@ntyigvé tiee-dinRnssaialbjedjmedels
nodel storage section; an inmage generation step of
storrehir did regredertative thnee-donpasipaahobjéci madel stopsge section
i nput condition to the input inmge every

everppartehregion,eon the basis of similarities obtained 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-
_d..imensional object modél 1s 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 betﬁreen 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

74




10

15

20

25

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 object nodel

"~ storage section; an inage matching step of calcul ating
a simlarity between the input 10 i nage and each of
t he conpari son i mages generated by the image
generation nmeans, selecting a maxinumsimlarity with
respect to conparison inages associated with each ,
r epragstdm wsultempbeldog dtem ide anfdrenchjmeage soddhy table input
regarding the maximumsimlarity as a simlarity

- imags iseantradied iompile hasgyef similatiides bptwermthe inpait image and

t hree-di mensi onal object 15 nodel; a step of storing
the tepresardative shrepidunentionn) eyeet madalsresietlatrdbat thaynage
storage section; a _step of storing simlarities
magehingsiter RECTepatt degionerjed sundpages hetwaen the splsnerce
. image storage section and representatjve : X
imsgpecndithpFRSAR LAt %B?%éi‘gﬁﬂ%l‘@lné gbisebinqdgly, feored in

representative three-di sj onal object nodel storage
 eheERRRE el Tarbils e Rloe g e YOS T SRS

S R T R R B R
rof & erth FHAGE P pirioh ot
0208 B B TS50 AL A Bl B
| t. i i NS : .
bt 48 P ae TP bR P TRRER 0O R Bedlpionel oblect
moflﬁl@{%r?%’ig@éﬂﬁeé BERFeePtHEERTERARE iﬁﬂiﬁ%@taﬂ@ﬁi%l s stored

erence |1nage matching result storage

. 'rep%@@riitﬁﬂve Fhrétddinl Bi8sibARIOSH BRLHDHEE QA AITRALE Ahdi iRGthe

to claim 43, the imge nmatching nmethod further

- cal@flHBbhS tire sultdHtASmAllaRIS HRProi TR itiDRelghts on the basis

registration step of registering representative

. of dalndedatdiprecsdanalof ehhfletitivedelt®een thbenpeplresgnaat ithe

three- 5 di nensional object nodel storage section;.
comparison images and the representative three-dimensional object models.

38. The image matching method according to claim 20, wherein the

3 object is a human face.

39. A program for making a computer execute an image matching
method to retrieve 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

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 cbject models and a result of the match
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a reference inmage registration step of registering
reference images in the reference i nage storage
section; and a reference imge matching result update
step of conducting calculation of the simlarities
usi ng the i mage matchi ng neans, on a 10 conbi nati on of
a reference imge and a representative

t hree-di nensi onal obj ect nodel newy generated by
regi strati on, when a new representative

betwreeaethti redersinos amagsjeaxt theotepiresantatiye sheeesdimensinaal

representative three- dinmensional object nodel storage
objseicmiodaly t he t hree-di nensi onal object nodel

regi stration nmeans,_  or when a new reference imge |s

r egi 49-Flaeilmage matphingeprgsameaceidiassiogiage 39 g Brage

by t he re}g?e({tence I mage registration neans, and addi ng
matchizg met WELQIEEIPHEINSN to results in the

reference . j e matchin esul.t storage seciion. . 45.

The # SHJoOTHE CRE A THP B HESEE GLTPRG oPg] CPIEF Pl

wherein . the.image matching step, .a simlarit
as DRI LR &0 Ao R g TRy & (s PeLtAraaey eid

t hree- di i_.onal ject..nodel is cal cul .

par 01 8108 Tgrony ThSOP BRI el SRRl i RS fowvt
im o bP R DF e ARl Fhro S Uitk BlibhpEOHRE HOAE) LHA the input
imé%é)r age section and representative three-di nensional

obj ect nmodel s stored .25 in the representative _

thregr drpenahen ﬁlat@ﬁin%céro'ﬁgﬂ acbliagao3e4inh 89, tIRVEhNge
partial region, and at the result matchi ng step, the

‘mat€HifalethddREECh&H dBrhB¥ising thaestbpPof: | Mmage is

extracted on the basis of simlarities between the -
I Npud sidppeffiadichg 4 hefer@ideabesd-dimvRsiohakebjdeieigebnal
obj ect nodel s cal cul ated by the image rmatchi ng means
assevatyd path the refegemoe iangbessimilartiotthesinpeat wmaget he -
reference ..5 inmages and the representative -
t hr ee eolhvarsRinostap ofispestingedeirputspodidon nf thehmput image
reference image matching result storage section ever%/
withathatalf the gefenencetignagenby comigsting: thei imgupnogeamnd/or the
- according to.-claim43, wherein ' ) :
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 niatching program according to claim 41, wherein at

the conversion step, the reference image is previously converted, and an’

. input condition of the input imdge is squared with that of the _r_eference

image.

43. The image matching program accor_ding to claim 39, t_he__i_m_age, o

- matching method compriéing!

an image input step of inputting the input image;
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at the result matching step, simlarities between
simlarities between the input inage and the
representative three-di nensional object 10 nodels and
simlarities between the reference images and the:
representative three-di nensi onal object nodels are

cal culated, and in the calculation the resultant
simlarities are provided with weights on the basis

of candi date precedence of simlarities _between the
i npud stapagfestariagi s plure iy of seprespaigéyedihee amensional

: representative three-di nensi onal object nodels., 15
~ objget mpgels lﬁa@éenrﬁﬁ%maﬁ@f%ﬁg@@“ @ékﬂn@'ﬁ ABech madgil gtorege

10

15

20.

25

the image matching nmethod conprising* an inmage i nput
8eckl08y of nputting the input inmage; a step of storing a
plurali f representatiyve three-dinensi onal obljéect

rmdeﬁ‘%“%lll‘/}gg gPReTtERL HeR: 9 AP rerr as gt iOGR AT
. del st 20,. i on; . ' ti t f
B8 M EASE RIS B 80 A IS, RaAERe°

-thrieg%ﬁ)e%%{baiaﬁ io%ﬁac% %%ge({eé? 8'11”@1%%&{3@ t eevr%g)tyfesheon&%l:ivg r?h{‘f‘]eé

represen Ive I'nensi onal. ODj e
. i f 1t t:i t i i | i 3
i3 405 TS0 58 0 e RO R0 S

obj@@c lﬂmi?[:éto Loc$ioQk age section; an inmage matching
step of calculating a simlarity between the input

| mags, ARdseacitcRing f8p IMRRUISAAs MBERB U I tRRH the input
the 1 mage generation .79 step, selecting a maxi num

imSedhh@ehtl oMEdcsBERESHN LM 16LIRBASRABI bYBBeSmage
associated with each representative three-di nensi onal

ger@phtich Meded, seRitingr £ gandinign sheilasixy with sédpdcatoty a
a simlarity between the input imge and the : :
contipisseihagés esdobiated diitke eratl rapresbpentiventideldimeasional
step of storing the reference i mages of objects in a
objecfmpdel; endmegerdisgdhageaseetimosimitarstysqs akimilaritng
simlarities between the reference inmages stored in
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.

 aresult 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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the reference i mage storage section and representative
t hr ee-di nensi onal object nodels stored in the
representative three-di nensi onal object nodel 10
storage section, in a reference image matching result

- storage section; a result matching step of extracting
the reference inage sinmlar to the input inage on the
basis of simlarities between the input inmge and the
representative three-dinensional object nodels -
cal ctt-afliimage matchigeprogarehicsgrdngfohaim 43, the image
simlarities between the reference i nages and the 15

' maﬁ@i&iﬁ@s@ﬁ‘t@%@?ﬁ@@ﬁ@éﬂsl onal object nodels stored

in the reference ing.result stor
s e ct g E’}PF eez ]ﬁ%l@fa&%%t @fr@é’é‘-‘ﬂiﬁ"@l‘% Feep. ‘éﬁa%?‘%?ﬁﬁg I
ect associ at wth th ref erence | rra

repé‘te nigtive tflﬁ%e -dipereiBal p gemefsisdgdhesieprpsgnta ie ghree-

. ... referenc nsi onal. obj ect nodel storage
dirh Gt} obis Soad Frthee mmatio oGener at fon step of

b f. di bi ' |
o0t 2 Pt SISk AP e foreff fges in
therlﬁer éeltle'h Q%%ge %go Es(ag%{)ﬁ”é%&; e reference :

e- I nmensi ona st or age section, and

9eney ARt @iod £35%: 001 HEAN] GRRALLSOR dFRBHELOSE
% d Hg Qm e}very rng%er

|n|nput con |ontot I nput "1 nage nce

cal&ﬂ%@l%ncﬂf'fﬁﬂ%hzﬁﬂﬁht?e% L?Qh ghe E‘iﬁ%ﬁb rx}ﬂ?bc E)ﬁgect rmdeﬂtl at he

obt al ned reference three-di nensio

cox@lﬁ%a%na)f%@f@@ﬁﬂcaa&&%%ﬂma@ @%@Htéﬁvé:ﬂh%@lameaﬁmnal
simlarities between t [ np i mmge and second

obje&AsAbISIWIyRARYa BRIy aéEdtration] Repes avd iR ntative
generation step, selecting a maximumsimlarity from

| thraewigesennad objeotrpauded dnrdgdis@esd as sloc r@iredemdadtivecidabe-

of the reference three-di nensional object nodels, and
dimegaeeh g jddiemodadi storagel sectianilyytheshaesidiinkeasionyl object
bet ween the input image and the reference
motlek werigirntos newEls, objrewn awdel refa®ncd hmagedy e'egmteahdng
program according to claim47, the image matching o
themeference. umag@ stayagpsestiog by the reference Image registration

means, and adding a result of the calculation to results 1 1n the reference
image rﬁatching- result .st.orage-section.' |
45. The image matching program_according to claim 43, wherein
at the image matching stép, a similarity between the input image

and a répresentative three-dimensional objéét 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, e_irery -

‘partial region, and
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a three-di nensi.onal object nodel registration step of
regi stering 10 representative three-di mensional object
nodels in the representative three- dinensional object
nodel storage section; a reference inmage registration
step of registering reference inmages in the reference.
i mge storage section; and a reference imge natchi ng
result update step of conducting .15 cal cul ati on of
the simlarities using the i nage matchi ng neans, on a
conbatnidis sudlfl matelaherens ehe refireandimapepirmientathy enput
t hr ee-di mensi onal object nodel newly generated by
imaggissdxtasdted onvtherb ssinefsindprrétienbatween the input image and -
t hree- di nensi onal object nodel is registered in the
ther wpresevintive whredidigensdonehshjectainodb]sexalcwiatied by the amage
section at the three-dinensional object 20 node
matehjbgtmeanoavevaprtind rogion andheimilatitics betwpemghe reference
~registered in the reference inmage storage section at,
images and the mureperigblvedyiree dimpspionpd sbJea% sodedsiistered in
result of the cal ulatioq toresults in the reference
the Mw%ﬂwgﬁgﬂa@w resitlh phoyase se¢iigmeverydpartial region.

R 0 A 55k RSSO 0,51 58, Sl
e b SRR PSSP0 BB B e
e N e

mof SRR LARIMACL B I Phe MERIFRTEIN A1 B o

rep%%%%t&%i% th?%-ﬁﬁﬂéﬁ%ﬂé%l&é}é& MBHER a:ld! dHEAS Pka}'an‘Elbﬂnet]‘He

s stored In the représentative three-di nensiona

calORaich fHRASLuRLAL 38Ri1SAEEL Ate PRotidedRARhSydkhtd6n the basis

simlarity, and registering 5 the generated reference

of delde@adi prebsd andlof @Rhaa bt IERARNwkBn the ihfheiBAEe and the
t hr ee- di nensi onal object nodel storage section. 49.

conlperisdRff 2 ped SAd 1Be BEMOEaMaabeotltesdlitmnei@iahobfact models.
erein at the three-dinensional object nodel
genetAtTlonimagpmaachigbgrepeen 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 fepresentative three-dimensional

-object models ina répresentative 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 ini.age matching step of calculating a similarity between the input

image and each of the comparison imé;ges generated at the image generation
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t hr ee- di nensi onal obj ect nodel associated with each
‘reference image is 10 generated by conbi ning
representative three-dinensional object nodels stored
in the representative three-di nensi onal object node
'~ storage section every partial region, on the basis of
simlarities obtained every partial region between
reference i mages stored in the reference i mage storage
section and representative three-dinensional object
stem)sdbstlsg armdximutthginditangpwetheraspecty® comparison images -
t hree-di nensi onal obj ect nodel storage section, and

| assohiatedavith aneh repsfeseniadivet three-diinemssinod abjesh mewtel, and

nodel i s registered |n the reference

. regapflia dievmeginna sobilanty abdainslaitydeetesenitba inpet image

The i mage mat chi ng program accor ding to_claim47,

‘andible sepresantative thrngelimensionad obiesp mededi il arity

bet ween t he i nput 20. and a fepresentatiyve

t hr e%SEﬁH':%fﬁ%tPHHSI hsap%ew%awwwé Jeclisdneyrelorenge image

Ez{artlal region, the reference image matching result _
sto 1005ction stores sinilarities between the

o 2?625@9 Sl TP b e een b8 E R Entd T Reratgred in

B I Iy I

ob;?ﬁ%b&%zlsrs%gfe%% i g tnthfiGe 'ﬁ:{iﬁé& HnHBx{:éiHhElgobgiE&%odel

e reference |1 mage ar to

sto er %ﬁtﬁ% ?ﬁ‘atrgfergﬁéé Anfke ﬁie{'ﬂchﬁ{%fést ek %@Qecttfb%,

| ITng an e representati nmensi onal

0 bJ e&l"eéﬁlgﬁlﬁcﬁfﬂgcéﬂaﬁbf dxB¥ctiig theB@ereABS kRS sHRARS to
every partial region and simlarities between the

theliabeit eMGEe Dn 1RSI AP0t riflPs BSRRE tieinput image and the
t hr ee- di nensi onal object nodels, stored in the _

reprédetitatioe thm&uﬁambnaalgom@mmmdélswaa@ﬁamb&ﬂ the BNEgy
partial region. 51. The i mage matchi ng proogram

matadogdiay ahd sthdiamtics, bettveerithe raferthee imagéd andthéi ng
step, simlarities between simlarities between the

‘reprereuttativa ghremndinémsioepl dyett mbdtvls sthresleindi hearesé romat

obj ect
image matching result storage section;

a step of stormg 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

* 1n 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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10 nodels and simlarities between the reference

i mges and the representative three-di nensiona

obj ect nodels are calculated, and in the calcul ation,
the resultant simlarities are provided with weights:
on-the basis of candidate precédence of simlarities
between the input inmge and the conparison inages and
the representative three-di mensional object nodels. 15
52. The |nage natchlng program according to claim41,

t he 8 reggard imagehmagchineiisep ebaplcnlating sanlaritige behween the
step of inputting the input inmage; a step of storing a
inpyit dfggean secoBfCoRATAION N3 gasczener ptadkatohe seceaﬁéaage

nodels in a present at.ive three dl nsi onal objec
EeNASRBPDSERR: a‘ij’iec T & AT S HAPRHRCER

co f%ﬁ%g%i}ﬁgge?s: %#%gisgltgﬁ t}ﬁ ﬁggﬁr Ifrglaeerglggq.r&e t%lrgg-ﬁiliagnsional

nodel .,on. t he

objgGRnGag ?ii'@if?%%cié %@"%%Wﬁ'@ém ﬁ@i?ss. dﬁ’aﬁlﬂ%’ﬂ] Lot
t t
 betBUE heIhBAE fhnhBe R AEAASERLALNNE diM SR TS M0 del.

st ep ng a{engé’%ea{d@'%?}ﬁ%gi‘dﬂr@gi@ﬁi' zic\éopcﬁh §udifeay t%:lgage

I mage an arison I mages genera’te

ma ﬁﬁn?'iﬁ%oﬂeﬂﬁ? Iég,gl S.}l ep, selecti ng a maxi mum

simlrarity wt respec corrparl son i mages

assofiialee diﬂﬁietn!%uﬁ?él *bbﬁ@o% rzﬁ&@éﬁr@&is‘ﬁﬁaﬁ&}{ %p%fff-% Bitonak
obj ect nodel, and regarding the maximumsimlarity as

repResunthtid®s |thyeeb@iiﬂ@1@d10ﬁﬁleobjeﬁhh§aoH€BQQ th@ri'@pi‘éb%ntatlve three-
representative three-di nmensi onal object nodel; 5 a

dinfdreioredf] objeutimeddlhRoricaseetion; i mages of obj ects in a
reference image storage section; .a step of storing
si md s#fetdres 1hﬁig@&@g19tb@t1mméwfﬁm@gmagﬁg refareade images in
the reference image storage section and representative
thetriefayence menge stakage ebfeen; amtlel s stored in the
representative three-dimensional object nodel
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

representative three-dimensional object model in the reference image

matching result storage section conducted at the reference image matching
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.10 storage section, in a reference imge matching
result storage section; a result matching step of
extracting the reference image simlar to the input

i mge on the basis of similarities between the input

I mage and the representative three-dinensional object
nodel s cal cul ated at the image matching step and
simlarities between the reference i nages and the 15

representative three-dinensi onal object nodel tored
respff te SteR Fraeratingdiers %ﬁn?@tbr@@uflm%sm gbject model

e VrRuR S AR SHRDISE Mo IR e
S S RS PSP P Byl
objf b ot T Reort Ao 61 30 it EBnfmfl Sl tiisiexips
the‘;ée{n%ﬁ{i%fdelre?é%?mjﬁ '{BQ&? ﬁﬁﬁéﬁ%‘&ﬁgpo@%%t:#@élgg&u{ﬁe referqnce

ng s romthe refrerenc I"rensi ona
] aas [ aring an input
thrg%gg}fﬁtbln%‘ﬁg 0t gTEl npuet1 gﬁ%ggg\?\? Lt%%yt hat of the

ref efengR iﬂ@@em%)ﬁéﬁi%‘g‘;ﬁ%ﬁ?%mtﬁofcﬁﬁglt% ol ieﬁ:ti'% Nghet&A

by converting the step, he basis o obt ai ne

ref giteReQhtéy-a8mehePnal OhRkt AL ke iBG®ch stép, & PRkence
i mage and/or the reference image extracted at the

thré@dihbn ha hbhgcPhoiel agsiedatlivigh RachiraferbABIRBage is
respectively of the input imge and the reference

genef®@d Ipgemnbrhing reppatencaiich thiee-dintdhst@edl dfjdgmoddld
a partial image matching step of calculating a '

stomdniinl el teprémntetive thiee-gantnsibnahelgeciofotlbbstonpgd section

-image and the partial imge of the reference 5 inmage
evege partakregaen tdretharhges of sunilgrities obbgine8 3 veThpartiahe
mat chi ng program according to claimb52, the image
regivay betivegnrnefensnce impiges stayapih shagefegence image storage
t.hr ee- di nensi onal object nodel registration step of
Sec’?l@giaéldeﬁepﬁgsemé’?}ﬁ’@éFbﬁQ%ﬁlm%ﬂQlﬁE@]eﬁngP%‘ﬁ@ﬂ@}ﬁ toxsis] iacthe
nodel s .in the representative three- 10 di nensi 0n3|
rep%ﬁe%@tlﬁ%g]geeé Wegb%og%l(ﬁm%;mode 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, Whé_rein_

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 1mage
storage section and representative three-dimensional object models stored
in the representative three-dimensional objecﬁ model storage_.sectio'n, every

partial region, and
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- mogeleind sionidgxitice

COTRRATET U BHABSP 2B

a reference inmage registration step of registering
reference images in the reference i nage storage
section; and a reference inage matching result update
step. of conducting calculation of the sinmlarities at
the i mage mat ching step, on a conbination 15 of a
reference image and a representative three-di nensi ona
obj ect nodel newly generated by registration, when a

S ST s AT P v
X i | X ' ) - di. i
i bl L 1R B Shaglel g T BRSO
e 2 BN ) 0 LR T B8

maf%@?ﬁﬂ%%@aﬁ@ é%lér Iﬁéxt't%{]l?ﬁgﬂncé&ll@H}ﬂfslfﬁﬁiers%%v% n e Eéﬁaence

erence | mag resu orage section, an

imagdaRE LR @ﬁ@sgﬁﬁtiﬁw}ﬁ%é-dﬁ%?‘lsﬁﬂﬁl %!'oféc'bc %b&%& RtQfed in

In- response to registration of a simflarity ét ween

- thd RfeFcBHANGR thHRAENAREs 1108t Rgh RBERSEBYBEY ¥&rtial region.

t hr ee- di nensi onal object nodel in the reféerence i mage
mat chil.bhe BAbké nsdtehR@epHeehOibcos@BUG @gird U7t Hderein
reference image matching result update step, for
genestathiengsubemaeflang mtep, e iti sEhctivanal siah]etfhed5
nodel associated with the reference i mage by conbi ni ng
betiweenrtheriapah imnige and. thereprelemtative nhlembjrectsiongedigect
stored in the reg’lraesent ative three- dinensional object
tweewbhe hefebmmies mdgashendsthe | arity,
and registering the generated reference
reprpssdativadheesdunensipaat objedteinofelstare Glewntedmnd in the
t hr ee- di mensi gnal qbj ect nodel storage section. 54. )
calqplations e resudtanigipilagitien areceioridryl wathe weightsan the basis
wherein at the togr ee-di nensi onal obj ect npdel
of ﬁ?%ﬁlﬁ”ﬁc eiee of spglaritiesdetwrprdhainpntimage andjthet
nodel associ at eﬁ-ﬁﬁ%t h each reference,.im

Fweﬁ%qagévgrﬁlgpp-\ﬂémen%fqr{a? object models.
t hr eg; di,nensi onal .agbj ect nodels 10,.stqred.in .the .
Fepr Ds RO Pin B HroREr it outPe S Sl o mpse
ma%&ﬁhé%]ethod comprising: - o

an 1mage 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 o
- 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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every partial region, on the basis of simlarities
obt ai ned every partial region between reference
i mages stored. in the reference i nage storage. section
and representative three-dinensional object nodels .
stored in the representative three-dinensional object
nodel storage section, and the 15 generated reference
t hr ee- di nensi onal object nodel is registered in the
ce three-dinens.

stepe e RE e R B e, ey st er arhimeges

oo AL Sy 0 B OB LA T e, and
L T T g
and TSFSEHLIG S (A AL ALERRIBSELL ARENET©° |

(D S R VRS coRAOGROERARE LERIBDN i g efrcc e

stotded ftior esent ative three-di nensi onal object nodel
storage section, every 25 partial region, and at the

r esu kteppdfodibriag Bediaritidichdtficenahe Geldfeate ShAb,LEtor&d in

the input image is extracted on the basis of
thesiefddeace tinege bedrage Betfien innduiep86sontati®e 3Rtk d-Qnensional
representative three-dinmensi onal object nodels

- object! motlalsetord int the jeprepentaticbithges dirpesiony] ggett mbdel

region and simlarities between the. reference inmages

storage sdedione pr eyeferando/anape smtdhingnsisoiliastovdgesdction;
models, stored in the reference inage matching result
st oraatrs e ptateling\ssey op axtragting3he egfayancsdna g eimitagto
mat chi.ng program according to claimb52, wherein at

 thepguf image omeierhases ot eipilasities hetweesstheeingadimage and the

simlariti ﬁs b&_t ween the .input image and the )
repressdaBNe dnreee %%%%ﬁi@ estonadelsispdenlatadoricthe iapage
Lmlarities between the referencg i mages and the 10
mafipE St 451 FUo TS deRERCR A FOGEP R TRRGH WaFR
rep%easle%%ﬂ%g ghfeéen(ginéler_]nstig]fal object models stored in the reference
image matching result storage section;

a step of storing reference three-dimensional object models

associated with the reference images stored in the reference image storage

- section, in a reference three-dimensional object model storage section;

an image conversion step of obtaining reference three-dimensional

3 c_a_b_ject models associated with reference images extracted at the result

25

matching step, from the reference three-dimensional objéct model stor.agem
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-dimensiona_l object nibdels,
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- representative three-dimensional object models in the representative three-

calculation, the resultant simlarities are provided
with weights on the basis .of candidate precedence of
simlarities between the input inmage and the P
conparison i mages and the representative

t hr ee- di nensi onal object nodels. 57. The image

mat chi ng program according to cIa|n139 wherein the
15 object is a human face.

and generating partial images respectively of the input image and the_.
reference image .squared in input condition with each other; and |

a partial image matching step of calculating a similarity between
the partial image of the input image and the pértial image of the reference
image gerierated at the image conversion step.

53. The image matching program according to claim 52, the image
matching method further comprising:

a three-dimensional object model registration step of registering

dimensional object model storage section;

a reference image registration step of registering reference images in

~ the reference image storage section; and

a reference image matching result update step of conducting
calculation of the similarities at the image matching step, on a combination
of a referénce image and a representative three-dimensional _objéct-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-dimen.sional 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 im'age :
matching result storage secfion_ éonducted at the r_eference 1image matching

result update step, for generating the reference three-dimensional object
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model associated with the reference image by combinihg the representative
three-dimensional object models stored in the representative three-
dimensional object modél storage section oﬁ the basis of the similarity, and
registering the generated reference three*diniensional 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 objéct model generation step, a reference
three-dimensional object model associated with each reference image is
generated by combining representative three-dimensional object models
stored in the representative three-dimensional object model storage éection '
every partial region, on the basis of similarities dbtained eve.ry 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 the 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 r'epresentative 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, s1m11ar1t1es 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 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.
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