29 August 2005 SPECIFICATION Title of the Invention SYSTEM@AMMNMETHEP FOR
PROCESSI NG FI NGERPRI NT/ PALMPRI NT | MAGE Background of the invention The
present invention relates to fingerprint/palnprint inmage processing
system nethod and program for use in fingerprint collation, fingerprint

classification and pal nprint col ' t the prior art, a nethod for
automatically extracting a ri dgebﬁmﬁlﬁf’@;@& on such as a ridge line

di rection a gidge line pitch froman fingerprint/palnprint inage

I ncl udes, ?’gﬂleequhﬁﬁgyergmrh dge Line Direction Pattern Snoothing Method
and Systent described in "Classification
of Fingerprint Patterns b@@%@%@@ - ﬁﬁ%@%§ﬁp\§t I onal
Convention (1981 First Term EF%T)R INF ' sing Soci ety of
Japan by Kawakoshi et al. Thgﬁ“Q ge |r<lg rection Pattern Snoot hing

Met hod and BysiRHind 8ffeihb&gich t echni que based on the theory of mnim zing
energy. An evaluation function is assigned for an extracted direction for
each two- di nensTh@alpréstei! iheentdon OfrcRifed Maoe fitigbfprin@palnsprdft rBhagdi lity.
By mnimzing the evaluation function, the ridgée line pattern is

- snoot hened. provessirige sybeat, hwtliod iand peograhgskorf usatinofingérpring gevlfationt
Patterns by Relaxation Method," information of directions extracted for

each two- di fimgerprntdlassificdtion gl palmyfrindcollateys, ets snoot hened by a so-cal | ed
rel axation nethod. In the nmethod described in Japanese Patent No. 2, 765, 335,

however, if it Insthenpaodeut.tad mathodhfor antonmatipallynextracting @ vidgelding
circunferential regions are spoothened in line with the winkle, and it is
in 1 information” such as a ridge line direction and a ridge line pitch from an

fingerprint/palmprint image includes, for example, a "Ridge Line Direction
Pattern Smoothing Method and System" described in Japanese Patent
No.2,765,335, and "Classification of Fingerprint Patterns by Relaxation
Method", the 22nd National Convention (1981 First Term Session),
Information Processing Society of Japan by Kawakoshi et. al.

The "Ridge Line Direction Pattern Smoothing Method and System"
describes a technique based on the theory of minimizing energy. An
evaluation function is assigned for an extracted direction for each two-
dimensional local region of an image with a scale of reliability. By
minimizing the evaluation function, the ridge line pattern is smoothened. On
the other hand, in the "Classification of Fingerprint Patterns by Relaxation
Method," information of directions extracted for each two-dimensional local
region of an image is smoothened by a so-called relaxation method.

In the method described in Japanese Patent No.2,765,335, however, if it

is intended to smoothen an image including a wrinkle, circumferential

regions are smoothened in line with the wrinkle, and it is in




29 August 2005 sorme cases that the winkle is rather enphagj zggst S04 he
ot her hand, in the technology described for the classification of the
fingerprint pattern by the relaxation nethod, although the relaxation

method i s used as the technique for snoothening information of direction
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cor r espondsghgotering”#PimatioRSdf %%ctibﬂee)&i%&&l‘tfof)feaa@ﬁi [6Bal fegioRS eheor at ed

by reference in itsentirety into this application)
fingerpri ntédragbthenin} id caafedbar 8t dive withaieeweink®x tfoRthd partaoft exigng i ne

image froma fingerprint/palnprint imge wthout receiving the effect of

t he wr i nkl ewrinklestvihish falstofrequarntly gdstinipahhpiineged whiceasqyaraliel toepcti t ed
fingerprint or painprint image 1s divided into a plurality of blocks, and
a plural it yothér bt ackjmilaripitthcamdeg@ne over a ldegecatead vith tacésult ek thand t he
candi date which can be considered to be surely a ridge line is determ ned
from t he dewsokled aré eapphasiged. candi dates in one block, and in the other

bl ocks, ridge |ine candi dates having the caonsistency with the determ ned
ridge |ine candiHag dnvemdor ki theopresente applisgtion. propeses dgelapaneses Patenbl | y

continues a ridge lpne, and the wink].e .spatial]y.c Loues as,

wri nkl e, bu‘gpgbﬁﬁé‘i’%l | fre-eXamipatien gﬁéiicﬁéﬁmcobf TA@-EB%Q{% v l i ne.
Therefore, if a candi dat ich can he l,dered to be surely..a ridge
line is det%f‘éﬁi’,onéﬁd 0 eg{g'a ate e%h%ﬁ»@b@ héﬁ%oﬁpp ttWtﬁ/iY\(’hl‘Ea}hels
detected candidate, i hosepn from ot her | ocal, candi dgtes, it:-1S:pQassible to
correctly &gggmorgwgsrlﬁﬂgé‘efqrﬁ%cq nith ﬁégie@ﬁlr el U&Pn&hﬁan@p%(f%ﬂor@s.a 29
August 2-00Fﬁngerprim‘/pa]mprin’c image processor capable of extracting a ridge line image

from a fingerprint/palmprint image without receiving the effect of the wrinkle.
In this fingerprint/palmprint image processor, an inputted fingerprint or
palmprint image is divided into a plurality of blocks, and a plurality of bridge
line candidates are detected for each block, and the candidate which can be
considered to be surely a ridge line is determined from the detected ridge line
candidafes in one block, and in the other blocks, ridge line candidates having
the consistency with the determined ridge line candidate and the block are
chosen. The ridge line spatially continues as a ridge line, and the wrinkle
spatially continues as a wrinkle, but, generally, the wrinkle does not continue to
the ridge line. Therefore, if a candidate which can be considered to be surely
a ridge line is detected, and if a candidate having the continuity with the
detected candidate is chosen from other local candidates, it is possible to
éorrectly detect the ridge line in a region including many wrinkles.




Fig. 10 is a block diagramillustrating the fingerprint/pagmahit2odsage
processor nentioned a@bove. The bl ock diagramof Fig. 10 corresponds with
Fig. 9 of JP-A-09-167230, but is one obtained by sinplifying Fig. 9 of

JP- A-09-167230. In Fig. 10, the reference nunber 11 designates an inmage

I nput neans, and the reference nunber 12 indicates a |ocal information
extraction neans. The reference nunber 13 denotes a highly reliable region
determ ni ng neans, and the reference nunber 14 shows an adj acent region

O OUP janoot| ndigeasis HBlodke URi@An? iMuShakink e AnabRTw iRy 12,

candi date sel ection neans, and the reference®nu

gener at i orinpegeprotessor nidmtididh abovdl. | aphg BRIEICTHAEHAR LR Pfh M3ANS 13

corresponds to th%sfi rtsl;[altﬁri dge |ine candi date 1 mage I'ng
t he conneddrespondsyaii 189 Y aft TR -IB)-16230l efd i:an 714., and t he
cluster evaluating porti oﬁ 15 shown in Fi g.%g’ g?it\lg- %91886?%5}%%8 6¥he

adj acent segpbifying Big Qef dPEAn@E)-rim’ﬂﬂsOMhﬁMgl e, thedgfetdfe ﬁgﬁfﬂcgfit e

sel ection 2125_ 15 correspond to the optinmmri d’ge | i ne candi date i mage
sel ect i nglgg FIgNatey ahamageninpuf ndeads, Jahd-the- 1&628Ace Mwmbd: i3 a

flowchart.i&ilu trating.ap operation action of the system shown in Fig. 10.
In Fig. 11ALH Si@r&{j@?il afofnexiractimucansngEhpreference npatbarr 1t as an

in.the, formaof a digital imge to the |ocal

: g?gre’rra? ingﬁﬁ(g% lrga?ﬁgﬁg’eﬁ‘!é]ﬁggl@g(l@ 1%@5_‘1111“1% mgans, andf drenaefevenext r acti on

t wo- di mensi onal | ocal
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the highly reliable region determining means 13 corresponds to the first
ridge line candidate image selecting portion 12, the connectivity
evaluating portion 13, the clustering portion 14, and the cluster evaluating
~portion 15 shown in Fig. 9 of JP-A-09-167230. The adjacent region
group detecting means 14 and the ridge line candidate selection means 15
correspond to the optimum ridge line candidate image selecting portion
17 shown in Fig. 9 of JP-A-09-167230.
Fig. 11 is a flowchart illustrating an operation action of the system
shown in Fig. 10. In Fig. 11, the image input means 11 reads fingerprint
or palmprint as an image, and supplies the image in the form of a digital
image to the local information extraction means 12 (SIOOI): The local
information extraction means 12 divides the received original image into
two-dimensional local regions (S1002), and extracts from each local
region a plurality of images (which will be called a "ridge line candidate
_image") as a candidate which expresses a ridge line existing in that local

region (S1003). The ridge line candidate Images are numbered.




reliable regI on determ ning neans 13, the ridge |ine candi e I on
nmeans 15 and the imge generation neans 16. In the highl yﬁ%ﬁ%@g%gﬁ egi on
determ ning neans 13, a ridge |line candidate which can be considered to be
surely aridge line is detected and a |ocal region including that ridge
line candidate (highly reliabl.e region), is deterpmned framthe plyrality
of ridge line c irumeelm%@@dqtslmmyﬂmwwmﬂ%wpmedﬁ@ Tty
region group .. getecting neans 14, the ridge |ine candi date .sel.ecti on nmeans
15 and the C IrepaoR s@r@wﬁséﬂm%lifﬁ riggpe ’é’@rﬁanaggit%ﬁd@?fé%nbe@lnécti ng
means 14 finds all ,l ocal regions. (adjacent reqi heh adipin the highly
reliable regso @S%GWEGF%?HWHH%I éé’leaqsf tlpt e&sﬂ%s%t’f‘?ﬁ?&%(geﬂpﬂhl y
reliable regions.(:.reqion QM3 4 e ' i I: 2r ) were
detected, r ;I%Bﬁﬁflfgg sﬂgﬁ.\?ﬁﬂé‘?mgh@%?%ﬁﬂi%ﬁ%ﬁg@?@@?@ %-B%:a))
whi ch adj oi sghhy. rel i rem r : | AC

regi on. Nex?',ir e\t}\g(%[ﬁgggégflen%tdéggéﬁgrﬁﬁiorggag% aéﬁq{ﬁ%@%ﬂg%gra%% tggged, S
di scri m nat ] ; s AN I a8 ridbe- (),
Si nce. one. octdatoHleh  FRESEATR Siory ié UpicRAAER Bodl ApLBLI Lisidke (10
S 1007 in wihe hoanidita8a G, He004h, RN SUPSIHPDS the ddjdesht! tdpgon "BBEpI S

sel ected fromthe ridge IagnSeKcan%ate in}glges, and the} nunbedrg?%f f?ﬁep

sel ected r{dé@etihg meeaRNdi, daé eidepditee candidite keledtivionidans ilGagel heriatagei on
means 16. For exanple, in order to performthe ridge |line candidate inage
sel ection f gendriiforagieageh$. regi on "A" shown in Fig. 12-(a), a candidate
having a high level of continuity is selected fromthe ridge |ine

candi dat e i magesThe adjacent dégionngtchipsdebeating aneanse14 ifirgls ali g@ca;iangmat e
i mage "2" is selected. 29 August 2005 Thereafter, the processing returns to
the step 57G8ljacent ragioniwghich adjeinithe highty elinbleregion ($ HI). Fegyesampls, whi ch
the selection of the ridge line _ candidate iinage has been cqnp|eted, all
adj acent r etfiibasasqunagd thas the baghily relinblenregions (repionsi @q%ilardiﬁ@zmﬁe

I I ' f '
ocal Tegl Oﬁatcﬁingmﬂll (f:‘?g.t PZe-(a)) were detected, regions (regions shown in the dilute

hatching in Fig. 12-(a)) which adjoins the highly reliable regions are detected
as a adjacent region. Next, whether or not one or more adjacent regions are
detected, is discriminated (S1006). For example, in the example shown in
Fig. 12-(a), since one or more adjacent regions exist, the processing goes into
a step S1007 in which, in each of the adjacent regions, a ridge line image is
~ selected from the ridge line candidate images, and the number of the selected
ridge line candidate image is notified to the image generation means 16.
For example, in order to perform the ridge line candidate image
selection for the adjacent region "A" shown in Fig. 12-(a), a candidate having
- a high level of continuity is selected from the ridge line candidate images "1" to
"6". In this example, the ridge line candidate image "2" is selected.




sel ection of the ridge |line candi date i mage has been conpl gt g 25605
sel ected. Nanely, in the exanple shown in Fig. 12-(a), all ‘regrons
downward adj acent to the adjacent region already detected are found out.
Then, in the step S 1006, whether or not one or nore adjacent regions are
detected, is discrimnated. If one or nore adjacent regions exist, the
processing does to the step S 1007, in which, in each of the adjacent
regions, aridge line image is selected fromthe ridge |ine candidate

| mages. |1t he Tipirkatbahe!fibcEiang SR heSsABOTI05S KPRRAhsshiyAd

when it is discrimnated to In the step st nce

pr ocessi ngeliablebegion @Mﬂh@ﬂ@@hlﬁ\%ﬁi@i for Witich @ keleBtbA T thehedsdhgR
generation neans 16 restores a whole ridge |line inmage by using the
sel ect ed caddeddtenimage diatabechnegmpleted, libwiljacert tegidas (WhidiS1Res) . The
fingerprint/pal r’%rgi nt image processor nentioned above, disclosed in
JP- A- 09- 18vuber thenhighlyaraliable ragign hondhei ldealtregiomdoriwhiclenhed by
wrinkl es. However, since the ridge line image is determ ned for each | ocal
regi on bysgﬁﬁmmﬂShecﬁlrﬁiﬂedbmengandniat&dmagmihaﬁ be¢mesymplitederdrer egi ons,
anot her d%%lgd}/e?t ?ﬁen@ encoyntered in which, in a ridge line having a
| ar ge cur YPHIY s ORI Y 180ke examplenshewg. 1n Figa)12n6a), aaldetagionhown i n
Fig. 13-( | f. the ridge l.ines were | eqr,,a candi dat e i mage havi ng
a wrinkl eg%ug%%?{?gaaé%%%fﬁctgn&%rﬁ#]??@t‘Fﬁ”&‘on @ﬁ"&ﬁaYHkt?‘FtS argiigandowe| ect ed,
with the I .t | xtract the ridge L.ine. 29_August 2005
Bri ef sum'rrﬁr;‘?i)llf %nf [ ﬁetepr&iem%ﬁh%@%&%ﬂ%q gne pg nil%l%a Jaﬁ?%fclfe%?négﬁée present
i nventi o ' o pry [Nt . ks Sj Syst em
R Dy e
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regions, a ridge line image is selected from the ridge line candidate
images. In the following, the steps S1005 to S1007 are repeated, and
when it is discriminated to be "NO" in the step S1006, since the
processing has been completed for all the local regions, the image
generation means 16 restores a whole ridge line image by using the
selected ridge line candidate images, as shown in Fig. 12-(b) (S1008).

The fingerprint/palmprint image processor mentioned above,
disclosed in JP-A-09-167230, can extract the ridge line without being
influenced py wrinkles. However, since the ridge line image is
~determined for each local region by importantly considering the
continuity between adjacent regions, another disadvantage is encountered
in which, in a ridge line having a large curvature such as a core shown in
Fig. 13-(a) and a delta shown in Fig. 13-(b), even if the ridge lines were
clear, a candidate image having a wrinkle having.a good continuity other
than the ridge line is selected, with the result that it fails to extract the

ridge line.




fingerprint/pal nprint inmage processing system nethod and gy fogscapabl e
of precisely extracting the ridge Iine even in a region haV| n WI’I n | es
existing mxedly together with a ridge line or even in a region including a
ridge line having a large curvature. According to an aspect of the present
invention, there is provided a  fingerprint/palnprint inmage processing

- system corransfstgnmanﬁeﬁﬂtemuentt(Hadl ng a fingerprint/palnprint imge, an
extracting neans for _dividing the fi ngerprl nt/pal nprint imge into a
plurality of | ocAccordinglys itaigl anf ebjesktofathe pgesent| inventiony tef pravade a i ne

candi date | rages V\:hl ch represent ridge lines, for,  each of the |ocal
regi ons, @HPVH Bp t H’é&%ﬁm@é%l@grﬁym% fBd RresEms Wl from
the ri dge l.i ne candi dat,e es t hus act a ridge line candidate

i mage havi Mg QYEEFPE (¢ dn%m%ctnt@é ﬂle;mwr -ocal region

e |1 ne, as AUy QERRaLPE. ot BResoHaribvebionc) B 1 toh PPVRRGG " i no”
iﬁgfc%g%@bﬁ&gﬁéﬁtﬁﬁt Coifd ey ag&t ) mhifiod 8 @?ﬁf‘i‘tdgt ne
for di ;cr: m Pa?I ng, eﬁgggﬁreﬂhg@eﬂﬁ]e g@%@%&ﬁﬁag@oﬁ'@aﬁe [1(;%@0?8?2?

the ridge é}dﬂtﬁ}g fRQEdly htbgeﬁfek%ftﬁ% hﬂg@fﬁﬁ‘ébi-‘é%ﬁsmaﬁ! re eu{cﬁﬂﬁﬁged‘t ing a
ridge |I|ine means” f generating a whol e image on t basis o

ridge |ingjdg@uf havihda ldLcAgvaire2005 highly reliable reg| on and the
ridge line image which was discrimnated by the discrimnating neans to be
effective as t hAd¢dordimpr &paasapecnof the prestae ihvastion, Wherein psavided a

di scrim nating neans discrimnates that the | ocal regl on of the ridge line
candi dat e ifimpgeprinst/pativiptint f imdgehpsoaéssieds tsystom degmgrrising cntmeaintsy t o
the local region deternmned as the highly reliable region or otherwise is
not validfoandeadinigsal dmgerprint/palmpiiat innage; ehncextracting dyeans néor

candi dat e i mage
dividing the fingerprint/palmprint image into a plurality of local regions and

for extracting a plurality of ridge line candidate images which represent
ridge lines, for each of the local regions, a highly reliable region
determining means for determining, from the ridge line candidate images thus
extracted, a ridge line candidate image having a high likelihood of a ridge line,
and a local region rincluding the ridge line candidate image having the high
likelihood of the ridge line, as a highly reliable region, means for selecting a
ridge line image which can be estimated to represent a ridge line, from the
ridge line candidate images extracted by the extracting means, for each of
the local regions other than the highly reliable region, a discriminating means
for discriminating, for each ridge line image thus selected, whether or not the
‘'ridge line image thus selected is effective as an image representing a ridge
line, and means for generating a whole image on the basis of the ridge

line image in the




in the local region that was discrimnated by said discrim | ns as
bei ng not valid. According to another aspect of the presezw%&n%gﬁ%ﬁ,
there is provided a fingerprint/palnprint imge processing nethod
conprising a step of reading a fngerprint/palnprint inmage, an extracting
step of dividing the fingerprint/palnprint image into a plurality of |ocal
‘regi ons andhighlexeliable regjom angdithe rdge Jinefimagdgehichneascdisatioanaed byghe whi ch
represents ridge _lines, for each of the |ocal regions, .a highly reliable
regi on det ediscrimigatingmesns tadeecsfftotivags thedmageaeprasgating tee sidgeiling.e
I mges thus extracted, . a ridge |ine cgndidate inmage, having a.hig

li kel i hood Wherein;sagd discrmingiag sNeFEAISCHRENIAS | I@@ialﬁﬁar}t'f?@fm agéhﬁi ne

U I MR AL e BB Bl
xtr act od bie FeAE oo dyrane b gkl Biisble Aion % oS B de Fhan
I:h“ gggyt F@i%%@{g&%hﬁﬁﬁgérﬂ@%;@aﬁﬁtL?%féciﬁﬁeﬁf&?%? ﬁ@?ﬁ%&é@‘iﬁ%e W?L )
generati ng gld%ez%‘?"lh nrg%@ﬁoﬁﬁ% %glssrcgﬂ‘g@ﬁ%ﬁebfﬁggde di‘#@“’#‘?ﬁg% t?lﬁgl%ﬁ?hi Sm y

reliable reEéiﬁ@rR‘)@@aH&e ridge line i mage which was discrimnated by the
discrimnating~step to be valid as the inage representing the ridge line,
wherein in said Assfdifi ¢ bhothes hSPect'dfaht Pedent eoveion!, thdie is pe@edkd ne
candi dat e 29 August 2005 inmage is discrimnated as being valid'if it has at
| east some glGapeprizit/pahnpiintiniyge px@cém,%mmhod egmpmisij%t@s pefirasinge
highly reliable region or otherw se as eing not valid, and in said

sel ecting sd effingerprint/ggknpiine iaagedaire iextgeting rsiep ofl edividingn thee

| ocal region that was discrimnated by said discrinmnating step as being
not valid. hmpﬁﬁpahnp@ﬂhmﬁhﬁrapﬁp&ﬁ@rqﬁlocﬂe’egmm ofrezeradtng at her e

i S
: plurality of ridge line candidate images which represents ridge lines, for

| each of the local regions, a highly reliable region determining step of
determining, from the ridge line candidate images thus extracted, a ridge
line candidate image having a high likelihood of a ridge line, and a local
region including the ridge line candidate image having the high likelihood of
the ridge line, as a highly reliable region, a step of selecting a ridge line
image which can be estimated to represent a ridge line, from the ridge line
candidate images extracted by the extracting step, for each of the local regions
other than the highly reliable region, a discriminating step of discriminating,
for each ridge line image thus selected, whether or not the ridge line image
thus selected is valid as an image representing a ridge line, and a step of
generating a whole image on the basis of the ridge line image in the highly
reliable region and the ridge line image which was discriminated by the
discriminating step to be valid as the image representing the ndge line,

wherein in said discriminating step, the local region of the ridge line candidate

-




provi ded a program for causing a conputer to execute a prog&ﬁgg&aQBOS
dividing a fingerprint/palnprint image into a plurality of |o€al regions
and of extracting a plurality of ridge |ine candidate inages which
represent ridge lines, for each of the local regions, a highly reliable
region determning, procedure of, determning, fromthe yidge Line, candi date
i mages t hus %ﬁa%a@atﬁnanatpégﬁgpm&v ilﬁé't’tséltil‘?%émﬁﬁ\ﬁ{eﬁﬁe%o#ﬁ inuity

l'i kel i hood

f ,a,ridge line,, and a, | ocal ,r.egi on..includi.ng the.ridge |ine
candi date i #ade agalTemion deteimingd s the dighy religble regien qr ethentds a5 g

reliable regi f e of electin r.idge. | ine . e which can be
esti mat ed t%e&&)?@s‘gqﬁf gﬂaluba%ldl ﬁei%qtmgfﬁt?}%\tﬁﬂgdggglﬁg Q@H&{%%Haﬁﬁﬁf%n%ages
extracted b t ' QL. e >3 . ' ot her
than the. hi Shey e GRI0eBoR R O ditimiBH B shibE alsBiliinpit S

di scri m nat ig@e; ot83%h. ridge line inmage thus selected, whether or not
the ridge line Image thus selected is valid as an inmage representing a
ridge line, and ARDLAKRLUEE yof R hsPEEt Sl Srbdif CirfRndi t}lil??éi of
the ridge line imge I n_gt _hey%i ghly rel ilg%l e region and thenrl?lg’ge i n% _

| mages whi crowited dip6giam for @fising 4 BenpuiertorexeaditentdpRicedafusdivading val i d
as the image representing the ridge liné, wherein in said discrimnatling
procedur e, ahﬁngeqaintfmr?m' indf irhige rintgea | plogalitgndf dekcel iregmsi and of
discrimnated as being valid if it has at least some degrrgg of continuity
to  the | ocektnaetingnadehealityned riclgenéinei ghhdidate iiatdges eghich pepresdrdr wi se
as being not valid, and in said selecting procedure, the ridge line

candi dat e 20dgaglizges,2dos eagiyeof stheotoeall eegious) ratlhighll)ow&llatggi mgidhat was
di scrim nated by said discrimnating procedure as being not valid. The

above and ofifermening: procedisneuofs determining:t figse 81 @xlang| eandidate
embodi ment SIBREEES HEREGrA TIZR Wercandiises (BoE Baaoes b IRebost & ngs.
a ridge line, and a local region including the ridge line candidate image having
the high likelihood of the ridge line, as a highly reliable region, a procedure of

selecting a ridge line image which can be estimated to represent a ridge line,
from the ridge line candidate images extracted by the extracting procedure, for
each of the local regions other than the highly reliable region, a
discriminating procedure of discriminating, for each ridge line image thus
selected, whether or not the ridge line image thus selected is valid as an image
representing a ridge line, and a procedure of generating a whole image on the
basis of the ridge line image in the highly reliable region and the ridge line
~ images which were discriminated by the discriminating procedure to be valid
as the image representing the ridge line, wherein in said discriminating
procedure, the local region of the ridge line candidate image is
discriminated as being valid if it has at least some degree of continuity to
the local region determined as the highly reliable region or otherwise as

being not valid, and in said selecting procedure, the ridge line candidate

-8-




Brief description of the drawings Fig. | is a block diagr hSt
enbodi nent of the fingerprint/palnprint inmage processi ngais’gygé%l%tlﬁ%ds
accordance with the present invention; Fig. 2 is a flowchart illustrating
an operation of the enbodinment shown in Fig.1l;, Fig. 3 illustrates the

sequence of ,selection of a ridge |ine_ candidate image shaoqwn in Fig. 2; 29
August 2005iRage i nqt| selectedds ﬁwei@,@éa@gm atswRs disoRmmpated bygeidi ne

candi dat e Igﬁﬁ% for.are ian whi ¢h, was not,.adopted as a ridge |ine inage;
Flg. 5011 udiSCARBAing REdedHERaspeing Bet Yalidor a ridge |ine candi dat e
image in the pri art:. Fig ilLustrates the sequence of |l ection of a
ridge |ine candi %ﬁ@hoﬁetq{@ 9@&9@%%%&%@%%@ ?%ﬁﬁ;ﬁ? ® Fi g.
7 illustrat t SEAUCSE o% qeij EEQ mﬁ)hﬁ%gndésﬁﬁ ﬁgﬂdcafjﬁ%?eﬁg t he
fingerprint%@oﬁﬁﬁ&mgjee Iﬂﬁ ﬁg %@&B % S i Elg . LYFg. %
illustrates LS TSI RYAY Ry ' Al i such
as a ridge Fﬁ#ﬁﬁ@égi% tlmﬁ W%e%ﬁ)ﬂrhl ﬁ?@prg (r%gr%(g'tct?ﬁenggg)ﬂfmlt?gy
changes; Figvaa he a flow chart illustrating an operation of a second
enbodi nent of t fingerprint/pal nprint inmage processing systemin
accordance Prief def@iptioassithe doRiHgson; Fig. 10 is a block diagramof an

exanpl e of the fingerprint/palnprint inmge processing systemin the prior

art; Fig. 11 is Eilg.l dw Bhaa t blddkusdiaptramg efh apdist | emboiditdest proforthar t
exanpl e shown in Fig .10; Fig. 12 illustrates a processing of selection of
a ridge |i nfingemgmtipalmprint image processing system in accordance with the present

invention;

Fig. 2 is a flow chart illustrating an operation of the embodiment shown
in Fig .1;

Fig. 3 illustrates the sequence of selection of a ridge line candidate image

shown in Fig. 2;
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prior art exanple shown in Fig .10; Fig. 13 illustrates ex%‘zg,g%%tﬁ%ri dge
| ines such a core and a-delta, having a |large curvature. tarled

description of the invention Now, enbodi nents of the present invention wll
be described with reference to the acconpanying drawings. Fig. 1 is a
bl ock di agr am of

first di t fitE fi i nt/ pal int i
processi ng systeﬁ?&-#lijgs'lﬁl}@ﬁle % 53'2558“ v % Iéra%%[lﬁég{%mgg@@“tgiwgﬁgson.
I Fig. 1, | { dj th .n [ Fig. 10 [ th
Sane Pef of clRIG RGIMLWOICH WEERGt tbptedas 3 Bge TAEdRE ber 11 deai gnat e an
' ' t it whigh b i tut f g a | e
o entrng o Fhbos psRRed e SRR’ B sPiccol ‘GATIIR Jife' caffaidhan" !

f ngerprint/ | AL, ] . The reference nunber 12 indicates a |ocal
I nformat i Onﬂﬁé@?g‘tﬁe unf? receiving the fingerprint/palnprint imge from

the image input ngg,tétiﬁﬁsﬁ%sﬂfgé@qtﬁélg&é L6&HS YA ifpE BhEndidate in the

fingerprint/ pal I'mage i nto | mensi ona regli ons, and for
extracting ﬁ@%&gﬂh é']ﬁ’ibrﬁltﬁﬁié?@‘ ity of ridge line candidate
| mages eaphé%l?&eﬁglﬁl expr ssgg aridge Fine existing in the respective
| ocal region. ASFE%SFHIMES%&%BQUQ&@@Y sdectib lofexAdpe dinet dumdidete lin

C

I nformation extraction unit 12 perfornms a two-di nensional Fourier

t r ansf or mat iterfidgsrpeaghalafpritt émhpe indihernabodiatent shawnrindiignls, extracts a
plurality of peaks corresponding to two-di nensional sine waves havin

di fferent peaks,Fign 8hdlusteates amt ekampler of rdissomtinmity om plich, ai focahe
order fromthe |largest anplitude or the |argest energy in the vicinity of
peak, and mformatien sheh tase: didge dicodis¢ctiomin vy Engerpringnabmpring IMAgehe
peaks as ridge |ine candidate imges. The reference nunber 13 denotes a
hi ghl y rel i amuptly eharges;

Fig. 9 is a flow chart illustrating an operation of a second
embodiment of the fingerprint/palmprint image processing system in
accordance with the present invention;

| Fig. 10 is a block diagram of an example of the
 fingerprint/palmprint image processing system in the prior art; |

Fig. 11 is a flow chart illustrating an operation of the prior art
example shown in Fig .10;

Fig. 12 illustrates a processing of selection of a ridge line image in the
prior art example shown in Fig .10;

| Fig. 13 illustrates examples of ridge lines such a core and a delta,
having a large curvature.
Detailed description of the invention

Now, embodiments of the present invention will be described with

reference to the accompanying drawings. Fig. 1 is a block diagram of a first

embodiment of the fingerprint/palmprint image processing system in




determining unit for determining a ridge |line candidate haw RExit Bheh

| i kelihood of a ridge line, froma plurality of ridge |ine candi date imges
extracted in the local information extraction unit 12 in each | ocal region,
and also for determning a |ocal region including that ridge |ine

candi date having the high |likelihood of the ridge Iine, as a highly
reliable region. As described in JP-A-09-16723 0, the highly reliable

regi on det rAame W ibhel e e ld wdin ri dge
line -10 29%Aét?5ust 2% Fﬁpﬁg%ﬂjg{f@ﬁgﬁpﬁg& ??e%%ﬁ?r#%ggﬁ?% ca%rc}igdat e

i mages i n. egfdeshowndh Reasi(oae!givercthk sk efereithnigbgst s a ridge line
candi dat e i nage havi ng he hi ghest degree of |ikelihood of the. ridge |line

in each local retPig, 1| the tdftrenc@pambiend 1 iegiinatesadn i ihgot anitdehiehni ni ng
unit 13 selects a ridge |ine candidate imge having the |argest anplitude
fromthe ploaml bey cohstitutedeof | ae scamtbrdaire d niyes scamreac ot orsAdinggaon. An
adj acent re%i on group detecting unit 14 selects- a local region (adjacent

regi on) adj angerprint/palimgprintodd gn inlaigabte oudgpiton fogegpmntipalnyyrinhenagehl y
reliable region determning unit 13 or a group of regjions for which_ the
sel ecti on ofthei mferencenaundedi 43t mda@@te&e@nlmﬁvn&@mumorexﬂm@uaaj HeEnt

regi on detected by the_ adjagent region, grou detecting unit 14, I dge
line candi d@@l@%égﬁi%ﬂgmgnmtu%&e %@ﬁ\t fumage Wts‘.@ﬂ'e(ﬁsﬁ)& ri dge

[ ne cand: diNaEagBe. TROQHPA d BRI TUATBTRTRRIPUN | TROEHoLpmthEs

candi dat o sORSORAL P rosions GG e tacting i gt GG S B | dge

i nger pri nt poapag TR Rebifatliedst oRARTLIED SulPRrS T oBising dn o
dat a proces&kngﬁ%ﬁ&gmggﬂﬂﬁﬁbﬁ_storing '

As described in JP-A-09-167230, for example, the local
information extraction unit 12 performs a two-dimensional Fourier
transformation for each of the two-dimensional local regions, extracts a
plurality of peaks corresponding to two-dimensional sine waves having
different peaks, on the resultant Fourier transformation plane, in the order
from the largest amplitude or the largest energy in the vicinity of peak, and
extracts the two-dimensional sine waves corresponding to the peaks as ridge
line candidate images.

The reference number 13 denotes a highly reliable region
determining unit for determining a ridge line candidate having a high
likelihood of a ridge line, from a plurality of ridge line candidate images
extracted in the local information extraction unit 12 in each local region, and

- also for determining a local region including that ridge line candidate having the
high likelihood of the ridge line, as a highly reliable region.

As described in JP-A-09-167230, the highly reliable region
determining unit 13 evaluates the degree of likelihood of the ridge line
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data in the course of processing to a memory (not shown) apfl ézusggé&lﬁg”_
out the data stored in the nenory if necessary. Next, a specifTc operation
of the first enmbodinment will be described in detail with reference to a
flow chart of Fig. 2. In Fig. 2, the inmage input unit 11 reads a
fingerprint or a palnprint as an image, and supplies an original inage of
the fingerprint or palnprint to the local information extraction unit 12
(S201). The local _information extraction unit 12 divides the received
origi nal if@ageachnob theiplurabitynofusidgeolifiet ecandidatnsinages inoeach rte@-ons
(5202), and extracts from each two-_ dinensional local region a plurality of
ri dge | i nsliggRgional docalaggionaand seleckshaaidgexhine sumdidate iitpael havdngxi st i ng
in that |ggcal .regio S203).,. The ridge |ine candidate inmages thus
extract ed?ﬁ? @%‘é&ﬁl‘fe@g&f Q%tlﬂ@ Hioged QPﬂ&ﬁF ridgeding syeaoch decalrreigiomg Inni t 13,
the ridgegine candi date, sel ection unit 15, the valjid region determning
unit 17 ahdt HES ﬁﬁﬁﬂﬂgﬁ%rsﬁ@ IRglon deteppimng; wnitsl 356 arridget he
resol utio f ' uppl.i.ed fr th i e input unit, 11 is 20

pi xel s/ mnﬁngn%é'{lﬁghﬁéggﬁfig? %véﬂgit egfgga%ﬁzraéngggéiep?ﬁlm t ,P]t‘lﬁéht)éﬁgt h of
each side t I . (o] 0 e or.der qf 8 .pixels to 32

pi xel s. I ﬁenggse o*dé%'t irlggglgﬁgﬁﬁéd} rrl‘ﬁéﬂ qur'lgnca%d? &Qf%qenésregﬂ%l osed

cpect rum T B aecBg Rt T octs f Bidl ol AR P REIDD BBy ¢, o

spectrumin the inmg

the | ar aint hightyr reliabld YepReh HeteRiinéd (HP-te RGN 2b1ighe Wi | e

corresponding to the relatlve maxi mum poi IS S . as a ri
Cand dat o mages e e s BLom OTIOEII (R PHRECNCIRE MBI - o
char act eding eapdidatedhaschesaveompletedspondi ng to the rel ative maxi mum poi nt
I's calculated_and recorded fromthe respective relative maxi mnum point.
For the adjacent region detected by the adjacent region group
detecting unit 14, a ridge line candidate selection unit 15 evaluates
continuity, and selects a ridge line image which can be estimated to
represent the ridge line, from ridge line candidate images. A valid region
determining unit 17 determines whether or not the ridge line candidate
image selected by the ridge line candidate selection unit 15 is adopted as
an image representing the ridge line. An image generation unit 16
generates a whole image of a fingerprint/palmprint. Incidentally, the
system shown in Fig. 1 executes a data processing by temporarily storing
data in the course of processing to a memory (not shown) and by reading
out the data stored in the memory if necessary.
Next, a specific operation of the first embodiment will be described
1in detail with reference to a flow chart of Fig. 2.
In Fig. 2, the image input unit 11 reads a fingerprint or a palmprint
as an image, and supplies an original image of the fingerprint or
palmprint to the Iocal information extraction unit 12 (5201). The local

information extraction unit 12 divides the received original image into
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Now, one exanple of the paraneter nentioned above will be rggggit b This
I's described in JP-A-09-167230. First, assum ng that the coordi nate val ue
of a (n)th peak on the Fourier plane in a local region lij (0_<i<63,
0<j <63) is expressed as (an( J), iIn(F" j)), the local information

requoncy, SHE-GREBORE e, Supions) (SP0EF apdo BBl ARG 2065 the
o o i Ly’ oi‘fi’f?ﬁ@ﬂﬁfé%kloggﬁ robiO R ety ROk BRF YRt e F (),

50 Sk Rt B i st ed 5205 The | o
(" 1) ) n (i lmgléaﬁdlzi%e iMaped tRus -extficted #€)supplled td )thenhféh@ refibbfet an

region determining unit 13, the ridge line candidate selection unit 15, the valid
region determining unit 17 and the image generation unit 16.

Here, it is assumed that the resolution of the image supplied from the
image input unit 11 is 20 pixels/mm, and the local region is a square (See Fig.
3), the length of each side of the local region becomes on the order of 8 pixels
to 32 pixels. In the case of extracting the ridge line candidate, as disclosed
in JP-A-09-167230, a plurality of relative maximum points of power
spectrum in the image of the local region are selected in the order from the
largest power spectrum point, and a two-dimensional sine wave corresponding
to the relative maximum point is selected as a ridge line candidate image in
each local region. For example, six ridge line candidate images are
extracted in each local region. Then, a parameter characterizing the sine wave
corresponding to the relative maximum point is calculated and recorded
from the respective relative maximum point.

Now, one example of the parameter mentioned above will be
described. This is described in JP-A-09-167230. First, assuming that the
coordinate value of a (n)th peak on the Fourier plane in a local region Ijj
(0<i<63, 0<j<63) is expressed as (En®™ P, nn® ¥), the local information
extraction unit 12 calculates the amplitude, the phase, the direction, the
frequency, and the power in proximity of the peak.
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n(t. r)

2, ..., 6 .. (4 512 F )IZ, n 640 (, n) E1(Il ni- 3},

17nj." "' )(r)3proximties) ... (5 In addition, the full power of T
3131t. .il=zIF, n)y 12 ... (6) 642 =32 =-32 is also cal cul at ed.

nfif (1.,;1)2+ (1 . al) | nn 64 4n 2 cr{zgvﬂg;éggﬂbg-

I mage determined fromthese paraneters becones as follows: gn (i, j)

y) =an U, J) cos[ 2 it an j) (x cos On (i, j) )

-phn (X,

+y sin (dn (s, j)

N (N T
The amplltude the phase, the direction, the frequency, and the

power in proximity of the peak can be obtained in the following equations

(1), 2), (3), (4) and (5), respectively.

sl = 2 [FES 9, 092 1 =128 = (1)
In (F(£59 . )

phu“”“ =tan~il i=1,2,+6 = (2)
Re {F(¢ 9, o 1 0))

n,,“' )

du 9 =tan"‘[ J i=1,2,+,6 = (3)

(t.
E.007

1
gris _—,_.J (E50)2 4 (n )2 §=1,2,,6 - (4)
64

i? ot
= 2IF(&, n)l®

64° (&, n) €{(& 9, p )0 8proximities}
- (5)

fi.Jl —
va, -

In addition, the full power of "f"

4? o° % 2 (F .
64% §=-32 n=-32 £omIE e (8)

v -9 =

~ is also calculated. The image determined from these parameters becomes

as follows:
gn(i, J) (5, ¥)=a, G, cos[ 2 7 £, G4, (x cos(d, G, J‘))
oy sin(dn(i’ j)))—phn(i’ j)] e (7)Y
This

gt ey, e (8)
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19" i ~" (X, y) )n: ..Y (8) -13 29 August 2005 becomes a cgpngisat 8oos
representing the ridge line in each |ocal region. The local 1nhformation
extraction unit 12 cal cul ates these paraneters for each of all the |ocal
regions: 63 63 nph ~;.i),dni.a3,fn(=.a)vayt(s.,i7 ... ~(~~ n nlF =0j=0 As
described in JP-A-09-167239, the highly reliable region determning unit
13 determnes a ridge line candidate having a high |ikelihood of a ridge
line (highly reliable candidate) and a |local region including the highly

reliable c | | | raaqi on) (;S5204). . The ridge |lin
ccandi dat e ?i%ggﬂgggted e?%‘%gé%a%e?r#@tﬁ}%ﬁﬂyﬂaéﬁlm E? fach Q?Fai FREI00 Iget he
G oup det entha o rag g exaBo R, £ SaliiRel e patineitt i cach and.
t he i mage gﬁlaﬁrthbilgaam'[gqoﬂfg. In the highly reliable region determ ning
unit 13, the degree of [ kelihood of the ridge line of all the ridge line
candi dat e q ions ,is evd fdted, and a

gesi preach of. ahl othe,l ocal .
ridge line rc@ di d& 'én i mag‘gn havi E t%evﬁuﬁgﬁégiﬂéﬁr‘ée‘”o | i kel{®dod of the

n
ridge linelis selected for each local region, as a highly reliable

candi date image. In this case, the algorithmis that, a5 d&cribed in
o pene oy et BRGS0 I, AT, AR

regi on, exdetexminiag unit 13 determines a ridge line candidate having a high

likelihood of a ridge line (highly reliable candidate) and a local region

including the highly reliable candidate (highly reliable region) (S204).

The ridge line candidate thus determined and the highly reliable region

mcluding the ridge line candidate thus determined are supplied to the

adjacent region group detecting unit 14, the ridge line candidate selection

unit 15 and the image gencration unit 16. In the highljr reliable region

- determining unit 13, the degree of likelihood of the ridge line of all the

-ridge line candidate images in each of all the Jocal regions is evaluated,

and a ridge line candidate image having the highest degree of likelihood

of the ridge line is selected for each lacal region, as a highly reliable

candidate image.

" In this case, the algorithm is that, as described in JP-A-09-167230,

the local information extraction unit 12 performs a two-dimensional

Fourier transformation for each two-dimensional local region, extracts a

plurality of peaks corresponding to two-dimensional sine waves having

-different peaks, on the resultant Fourier transformation plane, in the

order from the largest amplitude or the largest energy in the vicinity of

peak, and detects a ridge line candidate image having a maximum

amplitude from the ridge line candidate images of each two-diménsional

local region, as a highly reliable candidate image.
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plurality of peaks corresponding to two-di nensional sine wgygégﬁamkﬁg'_

di fferent peaks, on the resultant Fourier transformation plane;. in the
order fromthe largest anplitude or the |l argest energy in the vicinity of
peak, and detects a ridge |line candidate inmage having a maxi num anplitude
fromthe ridge |line candidate i mrages of each two-di mensional |ocal region
as a highly reliable candidate i mage. -14 29 August 2005 Next, the adjacent
region group detecting unit 14 selects-all regions adjacent to the highly

“reliable regi onNg§2 (D | cent r al
region is detected ggétaﬂgﬂrﬁpgﬁg}%%og%l %étF%@%ﬁéﬁgﬁmé Iaﬂ q@%bqn%, | ocal
regi ons ofadjateésitsto thedhfrhipn Wﬂg hRAC cl I 0 1.ng the
hi ghly rel icgbl e region le%ir%e eft?éelct e gégiggj g%%ﬁ? rggfo%giﬂgﬁecﬁggi %_gl Y,
whet her orassomednthaora oEritealofbig6R'1s detdited s GERgbld &%Pﬁ%{s' m nat ed
(S206). For exanple, in the exanple shown in Fig~ 3, since a urality of
adj acent rshigwandneKigt 3, lbealpregiensi 6f a0dist isiiigle Mufirifoss28M inéhg{ehi S
case, the adjacent region group detecting unit 14 supplies t(’he adj acent
regi on i nichosedyisnreunding thedbeghliyneelizbldirdgion avel detbered u9iddjddent! n the
step S207, as described in JP-A-09-167230, the ridge line candidate
sel ect i onTeioNs 1 5Seecacdiagly, whethenoir mattond or encte adjazeanregivagias, and
selects a e having a good continuity fromthe

rj dge, l.i nge candi dat.e |
ri dge i ndetestidds S?%%Pdm%aerﬁors@mupbs inHbe rexaoplecthawe insel ect ed
candidateto 4 he valid region.determnin nif 17 and the image , generation
uni t | 16. Ei)g %as&(\:/eoplggp;%eo% @(ﬁ&@emﬁ ??Lgl‘g%uﬁil{ﬁét@ei P\@&ég‘?lﬂlﬁl@gﬁsel@%%y t heI
ridge |Ii icpat .ectjon unit,.15 the.valid region _determping unit
17 gdet er%%rtl ' Gg]?hg}tsgﬁﬁn@tsgi E‘H‘? saqimte@gé‘%“ EPPRdetectge We{]‘i:a%di dat e

supplies the adjacent region information to the ridge line candidate

selection unit 15.

In the step S207, as described in JP-A-09-167230, the ridge line
candidate ‘selection unit 15 evaluates the continuity in each adjacent
region, and selects a ridge line candidate image having a good continuity
from the ridge line candidate images, and then, supplies the number of the

selected candidate to the valid region determining unit 17 and the 1mage

generation unit 16.

For each of all the ridge line candidate images selected by the ridge
line candidate selection unit 15, the valid region determining unit 17
determines whether or not it is adopted as a final ridge line candidate
(5208), and notifies the result to the adjacent region group detecting unit
14.

Now, a specific processing for determining whether or not the final
ridge line candidate is adopted in the valid region determining unit 17,
will be described.

In this processing, the local information continuity, the degree of

concentration of the power spectrum of the local image to the ridge line
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(S208), and notifres the result to the adjacent region groeapn.dekesjisng unit
14. Now, a specific processing for determ ning whether or not “the final
ridge line candidate is adopted in the valid region determining unit 17,
will be described. In this processing, the local information continuity,

t he degree of concentration of the power spectrum of the |local inmage to
the ridge line -15 29 August 2005 candi date imge, and the ridge line pitch
of the ridge line candidate inmage, which are exenplified by the direction

do(i. D t o Ly : oF ) _ Cd

I ioﬁlla candi adg&%l%alg&elg %’ Egaev]ﬁai gla(%ééd]%%ngﬁ? Hggﬂ%ﬁlb]li}bg%ﬁ%%ltgﬁri%g: [ %2
di dat e i El]iﬁgt, iRk @]201, bhikgcRitd

gﬁgcleegi ﬁglﬁ{)a oc’:?gﬁsii@l}llap@%gtéin en t iéjyrtlhgg% Ilrrllre aﬁdit((;’(l?{lr‘be1 i ejfgﬂge

eval uat ed thegHase hgéﬁ befigesin st gtggg 12le EARIIdRE! itAASE 2 bR SRlared! 1 DI €

region for which the sel ecti on pro I ng has. already been conpleted at

that tinmeandatiee diighlintreHabkndiddetiigd candi®ite bhahei ﬁéﬁphbﬂaﬂ Rigliydat e

i mage selected by the ridge |line candidate selection unit 15 is” adopted,
i s det er nrelablenreghen Iffs secorid taned swodeding prowessiryg | between. thieorideganpl e,
- when the continuity of the direction is used, if the direction of the
ridge |inkingf canglidatedigrage te beaavaliated andghestdge it candidate bfdhe regi on
to be eval ua,he]d, is d (0Sd5it), and if the direction representing the -
di r ect i onP8FPhgEalfughly reliablenregionatgrawdich e selacigmoprogeassingihaect i on of
a sum-of the directional, ve¢gtor) is.do (05dn<_ic), when the follow ng J(d,
da) is .snﬁﬁ'%&y .IIWQH %?IBBIG({%& @ttm%ﬁh,mte‘f@u@éderaﬁﬁnﬁ@wf exapt the
Lage s et IRFaat*tRhE siReted By the Fidpe fine “Sndidate | ™9°
- selection unit 15 is adopted, is determined on the basis of the result of the
evaluation.
For example, when the continuity of the direction is used, if the
direction of the ridge line of the ridge line candidate image selected in the
local region to be evaluated, is d (0<d<w), and if the direction
representing the direction of the ridge line in the adjacent local region
(the direction of a sum of the directional vector) is dp (0<dy<n), when the
following J(d, dy) is smaller than a certain threshold, it is determined to
adopt the ridge line candidate image. Nevertheless, the ridge line

candidate image is not adopted.

126 —2d.|/2 where |d—da| <72

.J(d,.dn) = —]2d —2dal/2 where |d—da] >m/2

| - When the degree of concentration of the power spectrum of the
local image is used, if a ratio obtained by dividing a total of the power
spectrum of the ridge line candidate image by a total of the power

spectrum of the corresponding local region image is smaller than a
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J(doda) J2d -2dn 1/2 where Id-d.1 <n/2 -x-12d -2dn |/2 whey "1
>7/ 2 \Wen the degree of concentration of the power spectrum‘%l%ghtsﬁ%amﬁl ocal
image is used, if aratio obtained by dividing a total of the power
spectrum of the ridge line candidate inmage by a total of the power

Zﬁégég 005 ceRnim s :%%ﬁ%?@été’ﬁ%@%ﬁ& SoptiDg e Tom iR ishes o
~ candi dat . t h | | i ' ' '
adopt ed. fv%g?%%ﬁ@eﬁ%lééﬂm FAES Be crtgldath imaeh §a ABF RISRER e | mage i s
used, if t ri ' itGh i s.with . i.ch '
be a ridge Fi n;%ﬁ?n:tﬁgagj[ggflw%ég%g a‘@S@E&@g%FY@c Egl?@%&ﬂ?@%%@%ﬁf{ﬁggg?
Neverthel esge (6 ibbA9fe Hifdh KARELIRG Ohich & eBh&Hterddts be

n be execute using the a

di scrim nation proeess ¢ ove nmenti oneda
characteri sty unt sl 1 NtaC | ' Ni; 'ﬁ{%@in
Fig. 3, ther ocggigf 25 1§tg%egn'lﬁ’lﬁ%drinrt{)hgﬂﬁgggﬁéogggkohhﬁgg@%tfél id 1ine

i ndi cat es t RipvicpiRlessetePAdg¥Mlingtanideddtd ibfigedidqRitedopted.he ridge line
candidate, and the dofted |Tne indicates the local regions which should
not be adopted aThidhelisdiiaénitioe pravdigienn. bé rxiebuted bgseasinigt thies abever m ned
that a remarkably di scontinuous local information as 1n a region such as a
core or a delgmidied clmracterigtics amatnirsengliyoor it corhbhwtioadopt ed, so that a
portion where discontinuity exists is not selected at once, and the

sel ection proceshi the guemple shown i Big. \3, dhetiracessing staats frosytlambocal
Thereafter, the processing goes into the stef) S205, _and the, processing is
carri ed out ragienf {BYi Hheosolidline hdigatescthe loca)i regionsvaaich: shewdi e [ ocal

region for which the selection progessing has already heen conpleted. In
the exanpl eadeptedgas the rifge lwedwgﬁga@, @aﬁlrt@g;fg?mc? ﬂaeuagbﬂates the foca

regions which should not be adopted as the ridge line candidate. In this

case, it is determined that a remarkably discontinuous local information as
in a region such as a core or a delta having a high curvature should not be
adopted, so that a portion where discontinuity exists is not selected at
once, and the selection processing goes in only highly continuous local
regions.
Thereafter, the processing goes into the step S205, and the
processing is carried out for finding out all the adjacent regions adjacent
~ to the local region for which the selection processing has already been
completed. In the example of Fig, 3, this processing corresponds to local
region of a second innermost encincture positioned at the outside of the
highly reliable region. Next, whether or not one or more adjacent
regions exist, is discriminated in the step S206, and for each of all the
adjacent regions detected in the step S207, the ridge line image is selected
from the ridge line candidate images. In a step S208, whether or not the

result of selection is adopted, is determined. In this case, since the

-17-




regi on of a second innernobst encincture positioned at the syjgideoghsthe

highly reliable region. Next, whether or not one or nore adjacent regions
exist, is discrimnated in the step S206, and for each of all the adjacent
regions detected in the step S207, the ridge line inage is selected from

the ridge |line candi date i es. In.a step S208, whether of. nQ h resul t
of sel oot i ofdiaceRlBeRIOn IS i Uik pesom oRSTRsk spcahctis suigpwading The highlyh

0, AR SR AR ORI R P .
LAl B RN B0 S e
L P S AR GNTRE i AR BRI GiE
i mage for ‘A"]Ehértahﬂﬂla&eigg%? BbPERASRSd BEd 'ﬂ?ériﬁgé'ﬁnefc%ﬁﬂggtgglgﬁ% @f"ﬁiieuat ed.

As a result, the proce g starts fromthe region . ( inFg 3
so that for p%ﬁ?he?&ll_ adpieent 9aiage. fohevhRh Qhe NGdledtitd pré@ssingNBas Ga
shoul d be adopted, is determ néd as shown by the solid line and the dotted

line. In tbeniphét’bd,vﬁgegaluahd. processing of the steps S205 to S208 is
repeated, and if it 1is discrimnated in the step S206 that there is no

adj acent regi on, Ase resuliythe provessing startsnfroml thegregsomt' €8 aa shbwirein Fijge | i ne
i mage on the. basis of the ridge |ine candidate selected by the ridge line
~ candi date sé@l ot that foni eachsadjabentr refjon, Whethem odinkit thewhidgr lise image
discrimnated hy the highly reliable region determning unit 13 to have a

hi gh |i kel i Bldhendoptad isdetemained agshpwmeby the soliddinevend therdatadakinen
i dent al | J1 thenlloRg N bRFesESwag Gighe suppiedsds I8 srepienend e i n
the step 205 ymay. be 4Pt BRe Bop P08 th fErd5: 5! Shodht egidn! hegd' °°
generation unit 16 generates a whole ridge line image on the basis of the ridge
line candidate selected by the ridge line candidate selection unit 15, the ridge

line candidate which is discriminated by the highly reliable region
determining unit 13 to have a high likelihood representing the ridge line, or
the local information obtained from the local information extraction unit 12
(5209).

Incidentally, the region which was not adopted as the ridge line image
in the step S205 may be used as a region to be selected. Fig. 4 illustrates the
sequence of the selection of the ridge line candidate image in this case. The
solid line indicates the local regions which should be adopted as the ridge line
candidate, and the dotted line indicates the local regions which should not be
adopted as the ridge line candidate. As seen from comparison between Fig. 4
and Fig. 3, the number of dotted line regions is smaller than the number

of those shown in Fig. 3. With this
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sequence of the selection of the'ridge line candidate jmage in this case.
The solid line indicates the |ocal regions which shoAY ‘gégléﬂbp%@ﬁ as the
ridge line candidate, and the dotted line indicates the | ocal -regions

whi ch shoul d not be adopted as the ridge |ine candidate. As seen from
conpari son between Fig. 4 and Fig. 3, the nunber of dotted Iine regions is
smal l er than the nunber of those shown in Fig. 3. Wth this -18 29 August
- 2005 arrangenent, the region which was not adopted in the step S205 is

sel ected, arff*a0EGIgAL, regiom svhishawasdnobradopted der thsinhep 205 &gi ons.

Here, in th i art ridge..line candjdate selection shown in JP-A-

09- 167230, %?Z@%g@cf p Q%hawapéze abtained éor 2 darger tiwmberdef rdgions.a | ocal
region close to «’H‘%' g{ﬂn rel.i abl e region, as _shown in Figs. 5 and 6. In
this enbodiment . b fih the prigF arbRdge e gandidateogeloationshowmimdPuAi t 17

det erm nes r ri .line candi date i mage sel ected by the
ridge line \ggﬁg%%(g @gﬁgé]@ﬂe:fgﬁﬁl%eﬁ e, Iﬁ@r@é lalstha_gqrdﬁaufmm@bqﬁl ne
o Saopt d- T dlosd o MUY Rlfabdé redio) by dhabicinofilisng & bndnrthige |
l'ine in thi smbegli | Bnt tHeS o8 Chahll. | ' d that a region whj ch has
aI I arlge C:Jrvat urgl,amé’u?ﬁ gise'sg corlel?hg’ Ictlg? ﬁ%ﬂﬁoggél%ﬂr QQFWLBEIIHH -li ke

pattern, . adeterminds wheeharevmnie e ridi E‘(nlggﬁ Bgﬂ%ﬁ@@h@%@%&ﬁ%yﬁ%‘;'

information, is_a region which shoul

portion i n EgeHinaicandiddte welgctbon st 15 19%d t daajl‘in@‘fﬁgea the
sel ection processing goes in only regions having a highl'y contin y in
the local iIHagemiison resulhuas skownein Figse 3 agd onsthe velion Wsich Sitanges and
conti nues at Z’@ di sco&t_i nujty in the whole of the inmage, all the regions
can be sel 89t Ptediis selested. bo amtn prexens misuhtderssanding GfHRSEdpg route

Wi thout Sehﬁ%tiinnﬂisa}cgion.

In this case, it is considered that a region which has a large
curvature, such as a core, a delta, or a proXimity of a wall-like pattern,
and which is a remarkable discontinuous portion in the local information, "
is a region which should not be adopted. Accordingly, a portion in which
discontinuity exists, is not adopted at once, and the seiection processing
goes in only regions having a highly continuity in the local information.
Thus, since -the regions continuously changes and continues at a
discontinuity in the whole of the image, all the regions can be selected by
selecting the continuous portions as a bypassing route without selecting at

the discontinuity (See Fig. 7).

If the selection in a discontinuous region was carried out without
considering the nature of the region as in the prior art method, a
candidate having a large difference in a local information must be

‘selected, and therefore, if a standard of selecting such a candidate is used,
the candidate selection is subjected to an adverse influence in other

_portions, particularly, in a region where many wrinkles exist. However,
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.the discontinuity (See Fig. 7). If the selection in a di S%ﬁgﬂép}[ﬁ)sr egi on
was carried out without considering the nature of the region as in the
prior art nmethod, a candidate having a large difference in a | ocal

i nformati on nust be selected, and therefore, if a standard of selecting
such a candidate is used, @ the candjdate selection ({,s subpj ected tqQ . an
adver se i nf asiamthe showe esbodisrentoifghe sglection) ajrthg diseoniimuaty wravmded nany
wri nkl es exj st. However, -19 29 August, 2005 as,in the shown, enhodi.nent, if
the sel ect i By CRaNgIHE es@é‘ﬁl‘io%tﬂ‘f%}?%' ,&v@imﬁﬂ%@d}%‘%eﬁq}igﬂe{e}% Hdze of

" eoi ons on e TR e Tatonsior i b oL dne stpig Lol SePtint @ ARG o
EZ?LLt ?'l)fn: CBEVIRG  Srih ifschek B Rl nfollubliGin ™ By Bhion hifis® Mg
winkre wasSORdt W fofebl o RRa il Boal RERAM IR H FRIEalel 10

avoi ded in L Snts [ t: ! Al B to tHRNWnR hne
candi dat e i%ﬁ%@tﬁmg a%#ﬁ?&aﬁ{cﬂl@gr er%g%lméggl I‘ECE(I) on to tt?rewrgiggg%hl i ne
candi date i gRggediRlyANslditad e Molveval, thisdishlatich ' 4Rr Hed avsidedi g Vidki d.
and whether or not “it I1s a discontinuity is evaluated fromthe difference
in directi ogmbSiingdti N the ridge line candidate selection it becomes an
effective characteristic anmount indicative of whether or not the ridge
line direction iAlsw inithis embodément, ohly padge bhe carididats imgge hireingiarsmnali on
information, to precisely detect the discontinuity which has possibility
of failing differévece imdiretiior to dheiritipedineragrdidateetmage in aBadjacanidocal t he
degree of |ikelihood of the ridge |line of the selected ridge linge |
candi dat e iregigm isrepardadasebelng validrand wlethey atheethBrisar dissontingityilsch is
within the range where it can exist as a,ridge line, or by discri rH'nati ng
evaluated from the difference in direction. Since in the ridge line candidate

selection it becomes an effective characteristic amount indicative of
whether or not the ridge line direction is a ridge line, it is possible, by using
the direction information, to precisely detect the discontinuity which has
possibility of failing in the ridge line candidate image selection.
Furthermore, the degree of likelihood of the ridge line of the selected ridge
line candidate image is evaluated by discriminating whether or not the pitch
is within the ré.nge where it can exist as a ridge line, or by discriminating
whether or not the power spectrum is concentrated at one point, so that only the
ridge line candidate images having the degree of likelihood not less than a
predetermined level are regarded as being valid. With this arrangement, even if
the wrinkle having a continuity in the ridge line direction was erroneously
selected in a portion having a good image quality and a high curvature of the
| ridge line, it is not finally adopted because the degree of likelihood of the ridge

line is small. Namely, the discontinuity where the selection failed, can be

-20-




whet her or not the power spectrumis concentrated at one I%%ﬁ hat
only the ridge |ine candidate inmges having the degree o@li S;tsﬁ)ggd not

| ess than a predeterm ned |evel are regarded as being valid. Wth this
arrangenment, even if the winkle having a continuity in the ridge |Iine
direction was errqneously selected in_a portion having a good inmage

qual ity and deteetgd. & vheupthesthands ifrthegselection yesulted g Sueerss| gt Hpt ed
because the degree of likelihood of the ridge Iline is small.. I\farrel)ﬁ_,l t he
di scont i nui tgiseRtIBIEYL SIR dcis ST mecesry danpedorothey solggtian lgtess the
detected. On t.he other, hand, if the selectjon resulted in success at the:
di sconti nui t&! C?P%Q?ﬂ}ep@c%mgrfé‘eg?sez?‘iﬁ%?d) performthe selection |later,

f)f:t QEfLiEisEEfyi A L e s e o
_ _ CentDPER

b ocess ng AAIBRecs antr cRBRn lohenaeCaRl, RSt hos) hBGlsallE o,
ohart 111 UStUQIA0GAR ARAEShORNGh I 1, 36 0 pRICLI P Rledild 108 frent

fingerprint/palfprint Tnmage processi dystemin acc nce wt

present inv | ' 1859 ih8sati e
steps 5201 @@%ﬂt%}%o@g?nﬁ%i%fﬁ%?@?ﬁ%pect%I\l/éélﬁy. Ifta igﬁ y Pgrlllbgg?é;
candi date angogndichitiodiehnt o e Rapiayisingian inbige Poabising eystabl in
candi dat e a[s‘eé determ ned in the sitﬁ%p 804, a variable thlgg isggget to "0"
(zero) (S80%ccodanceaditholhe, pichentailiveption. Tedrigh Yribepsteps 880Ingo 8804 14
selects all regions adjacent to the highly reliable region (5806). For
exanpl e, i n donesporaity thestepars20d t6iSR043hotvmcal FigeRjirespectifely. first single
i nnernost encincture closely surrounding the highly reliable region
correspond to thdfadighbnteliabls caxlidateranden highdy rel{ﬁnlhercglon lnchl%m&
adj acent regi ons are detected, is discrimnated (5807). Thereafter, .
simlarly tdighlyereliable candidaterasedetarnrined in the step S8H& awprable: "Seyions,
the ridge line . .

J set to "0" (zero) (S805). Succeedingly, the adjacent region group detecting unit

14 selects all regions adjacent to the highly reliable region (S806). For

nor e

example, in the example shown in Fig. 3, local regions of a first single
innermost encincture closely surrounding the highly reliable region
correspond to the adjacent regions. Furthermore, whether or not one or more
adjacent regions are detected, is discriminated (S807). Thereafter, similarly to
the first embodiment, for each of all the adjacent regions, the ridge line
candidate selection unit 15 selects a ridge line image from the ridge line
candidate images (5808). The number of the selected candidate is supplied to
- the adjacent region group detecting unit 14, the valid region determining unit 17
and the image generation unit 16.
In the valid region determining unit 17, the selected candidate image
is evaluated by a (SC)th evaluation standard (SC=0 in this case), and for each

of all the selected ridge line candidate images, whether or
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candi date selection unit 15 selects a ridge line imge fr i i ne
candi date i mages (S808). The nunber of the selected candiggiémgg{%ﬁgﬁlied
to the adjacent region group detecting unit 14, the valid region
determning unit 17 and the inmage generation unit 16. In the valid region
determning unit 17, the selected candidate image 1is evaluated by a (SCth

eval uation standard (SCE in this case), and for each of all the selected
it should be

ridge |ine_candidate | nages, ether or -21 29 August 2005 not
gt 3f RAPUTY he evionted Garaifinal sidgo dinsceamiidateois dic@oiainatedd  ne

adopted as

result of iscrimgnatian is notified to the adjacent region group

det ecti ng E%@%@“%g}é ifP§®£|9§Fhesﬂﬁqr&nmau@1 apddtified toetheoddjazent t he

valid regi -det L i it 17.evgl uates the Jocal __information

continuity, lﬁg gg@ée&%ﬁ@ﬂgcgmq i?'r o%B@ClﬁfK@l eweimilagycto wheoffirshe | ocal
itch of the

i mage to t ' [ [ e e, .and the I dge |ine

ridge Ii nea?gggl g%ltka’ ﬁ%ﬁ%ﬁﬁmﬁ%ﬁna@%ﬂﬁg fingy 15b9V@]I\’@tQﬁ thetlosal the
pi tch, andnfbemabRse. n ' | ipne candidate i e to be

eval uated and the i gcrﬁ{%ﬁ’agﬁg glfsg%ge I‘%ﬂ&%‘é’ﬁ&@’t@o‘? ttgé PSSY¢hher al
hi ghl y.r elspebtrent effi g | 'gﬁg%r ' basi ¢ 40f the result  of the
eval uat i on&gﬁher or rﬁmjtihe ri‘?gg??ir@%mg’i %(gd?{ﬁab‘@aggi apdethe by the
ridge |ingl ndgtiects of eleé ridlpeUlihé i i d S I t gr m ni ng
whet her or not i_tq?;s adopt ?gfligles useccqiiﬁgln(?%lﬁﬁ L‘tﬁ}@%& Jlgglein%qrée’é”frgﬂﬂﬁﬁ ected
by the adbachetdireatianm the putchdahd ¢hé gﬁay@,i Eet%eh%egi’é%éﬁpe’caﬁaﬁdat}:f it
becones zero, the standard is changed to a new standard. For exanple, only
adj acent MBa&E P eMaluated apdtheihighly veliablef fidge iR eAndidatdogaher than a
certain thr esﬁoql?g are a%ii%%ed, and when the adjacent |ocal regions.
becones zBiiPhesal haghly. [oEegioneand detenmmines dupthedb asig afdhe st t he

di recti on_.gj ce. In . addition, the | ocal
ofttld 8{’2&3%011, Whetﬂer or not the ridge line candidate image selected

by the ridge line candidate selection unit 15. The standard used for
determining whether or not it is adopted, is used until the adjacent region
detected by the adjacent region group detecting unit 14 becomes zero, and
if it becomes zero, the standard is changed to a new standard.

For example, only adjacent local regions having a direction
difference of not greater than a certain threshold are adopted, and when
‘the adjacent local regions becomes zero, the adjacent local regions are
adopted regardless of the direction difference. In addition, the local
information extraction unit 12 performs a two-dimensional Fourier
transformation for each local region, extracts a plurality of peaks
corresponding to different two-dimensional sine waves, on the resultant
Fourjer transformation plane, in the order from the Iargest amplitude or |
the largest energy in the vicinity of peak, and extracts the two-
dimensional sine waves corresponding to the peaks as ridge line candidate
images. In this case, the valid region determining unit 17 evaluates only

the ridge line candidate images baving a maximum energy peak in the
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information extraction unit 12 perforns a two-dinensional FoNRRRE2005
transformation for each |local region, extracts a plurality of peaks
corresponding to different two-dinmensional sine waves, on the resultant
Fourier transformation plane, in the order fromthe Iargest anpl i tude or

i mensi onal P& :”eéﬁéa@i‘sthhe b T ”Lé%ﬂéf\fz@icﬁ@cﬁﬁﬁ?%égalﬁhicg@‘a‘?@qéﬁc@nh?dalt e
I

{A[J'Ejzfdggzg cﬁﬁ‘?ﬁ%sg{%ﬁi‘&éﬁi 3 %@&‘ﬁﬁ%ﬁf%ﬁ%@l féiﬁf%ﬁ%%ﬁe%g 29

gu ?aégéa%vggm?ssd}ws b HEVIGPS) ditheoR! gion -

consi dered I'n accor andard becone Zero,
regions are ado P@alﬁi?sef

Thereafter, the ;g‘;lg%ggg?ng et E?ér%jsn%o t he sctg)ghﬁ:'I %ggg%% 5?8@%%1% t he
st eps S806 %@%@@SB%&GW‘M géatbﬂ'ﬁtftlh@‘hméhme%'lﬁ'@dm’i’is tﬁn@ardiit“v‘d out

with the sane eval uation standard in the step 5809, so as to determ ne

whet her - or witht the Remiel latudtionsstaaiet datie stepHB00ssGEORS detepminidwhettege | i ne

image. In the step S807, if it is discrimnated that one or nore adjacent

regi ons do ophotethesidge like candidato datgt ds Sdoed|as (e ritge, limninagedaahe er ,
t he val ue of "SC' (" 1" in this case) is conpared with a predeterm ned

val ue of " Step 1580 7eianis| discrimititgd thasena pr moretadjacen segibas doi motextiste val ue
of is not greater than the value of "S", the processing returns to

t he step Ssias cgangeubto B ot 45810y mdtheee&ﬁ;@pshe 53be ob"$8Hq"1¢in
repeated. In this case, however, in the step 5806, the adjacent re

whi ch was Wi 6asedds sempared ¥eith eHaredeterminedvalyeiofn' St e §Kﬂm¢3ﬂ%r%e)<anpl e,
Feqi on to HOSIY Besetaal, since dos Ve oSaSeans Se"&egﬁ-%ah S AREOE her
2 :Rgi’ d;? re gggggg gﬁ%éslsﬁghl%u%%s%%ﬁe s{epgéi?&é 3% ec&%dprbgestsrl}(lag ?)%%ﬁ)e sStgos8 the
S806 to S809 is repeated.
In this case, however, in the step S806, the adjacent region which was
never selected under the former selection standard (for example, a region
shown in the dotted line in the example of Fig. 3) becomes a region to be
selected under the current selection standard. On the other hand, for each of
all the adjacent regions detected in the step S808, the candidate selection
processing is carried out. In the step S809, the evaluation is carried out with
the (SC=I)th evaluation standard so as to determine whether or not the
region is adopted. In this case, as mentioned above, if the former
selection standard is, for example, whether or not the direction difference is
not greater than a threshold, the current evaluation standard is that the regions
are adopted regardless of the direction difference. Furthermore, as mentioned

above, if the former selection standard is that only ridge line candidate

image having a
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processing is carried out. In the step 5809, the eval uati o Agafz@ddgsed out

wth the (SC=1)th evaluation standard so as to determ ne whether or not !

the region is adopted. In this case, as nentioned above, if the forner

sel ection standard is, for exanple, whether or not the direction difference

IS not greater than a threshold, the current evaluation standard is that

the regions are adopted regardless of the direction difference.

Furthernore, as nentioned above, if the former selection standard is that

only ri dgemariquanederity peaknimgthd) proxignay -Gtk pbaklaie ¢0abidwred asm ener gy
peak in the proximty of the peak, are considered as being valid, the

current evedingtvabid, shexodmert esahiationt stendadi isrthavthe eegdphedre ndgpted! ess of

the energy in the vicinity of peak. In the step 5807, if the adjacent
regi on bedegaglless of thetengrgyHarffeovicinitysaEpeak. i n the step S810, and
thereafter, the value of "SC' is conpared with the value of "S" in the |
step S811. At Enithetst%,SSG?, if thesadjacent; segiombedomestassositas dgngedhat t he

1o et BSECHE  HonS16S0l b th ASoF ET2
i dge. i nEOBHFaw AN KRGS SSTim AR step B LT BRI i iERii8 [ ogi on
or the Iodctithingted if e Sed KA e 8, AIOR e BCTIE HebiBg iR HETT o™
consi dor o3 1 OfeSya M EHEPHSTEAioR a6 befaldl e HOR rdl fils O
o the 11 IopEe A Da s AT gHc TigR? JIAETHAILAY sERchR) Y, M HRgL LRI N 1y,
ItO Q(raf o?ﬁle St’mﬂcﬁdatef seléation dag 13, ke ¢l HAé eahdilate GHicR ¢s discriinffited

by the highly reliable region determining unit 13 to have a high

likelihood representing the ridge line, or the local information obtained
from the Iocal information extraction unit 12 (S812).

In this embodiment, at each time the region, which ié considered to
be valid by the valid region determining unit 17, becomes zero, the

evaluation standard for cénsidering as being valid is changed. In the first

embodiment, if the region is surrounded by the discontinuity, ihe_a

éelection of the ridge line candidate image can be no longer performed,

but in the second embodiment, if the selection of the ridge line candidate

image cannot be advanced because the region is surrounded by the

' _discontinuity, the selection of the ridge line candidate image can be

advanced by changing the standard for selecting a valid region, so that a’
ridge line extraction can be performed ili a larger extent.

Furthermore, in this embodiment, only ridge line candidate image

having a small direction difference from the ridge line candidate image in

the adjacent local region are considered to be valid. If the local region

which can be selected becomes zero, the selection of the ridge line
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but in the second enbodinent, if the selection of the ridgg;Af%gnggmﬂidate
| mge cannot be advanced because the region is surrounded by the

di scontinuity, the selection of the ridge |ine candidate i nage can be
advanced by changing the standard for selecting a valid region, so that a
ridge line extraction can be perforned in a |arger extent. Furthernore, in
this enbodinent, only ridge line candidate inage having a small direction
difference fromthe ridge line candidate inmage in the adjacent | ocal

regi on ar ecamdidateifdgé 9s Macvalitihndlly Eﬁﬁé&%ﬁ ﬁ'&% frflfé_ l%l gggﬁﬁgggf 2005

sel ected becones zero, the.selection”of e ridge

candi dat e whidle the seleetiogiKadsonet Vot Béed cofh éfedfﬁﬂd”m% 2h!i9Gal; i@p for

whi ch the sel ection has not yet been conpl fgled and I|ﬁcﬁ 1?3&‘&3{:%&@9 to
| dge

the local theglocal regiontiorhwhivh gl sdetGonweas cofpletedd. THAYS thd Lge'
i ne selection can be performed for a portion which has beconme sutrrounded

by the di Jéestselectigni nanhbe cpefornmd tfoe st poddod whithehasli becdinen

difference. Furthe rE;re, t he degree of |ikelihood of the ridge Iline of the
sel ect ed SUWgEAING atle dliseoniiayityi in dhel casee thaty thelistandaidnas i the whet her
he. range where it can __exist as a ridge |ine,

R R R G N MR WL TR
of 1 kel | 1B dotheoBetecidd HEP A eAiOdale Hnasd, & regpalen By bel ng
el ect i ondner{ohisidfg, B Al S8 Dl ER, WtiRThE e GRS t E8Rr ed out
nd whi chorat ) 30HdRe Bhey Bt By diScABRlG" wiiifien O 6L tRE kR ae
GRTEA ST i Son i org b vt en R R kit |
images having the degree of likelihood not less than a predetermined level
are regarded as being valid. Then, if the local region which can be
selected becomes zero, the selection of the ridge line candidate image is
- unconditionally carried out from the local region for which the selection
has not yet been completed and which is adjacent to the local region for
which the selection was completed. Thus, the ridge line selection can be
performed for a portion which has become surrounded by the
discontinuity.
Moreover, in this embodiment, only ridge line candidate images
having a maximum energy peak in the proximity of the peak, are
considered as being valid. Even if the wrinkle having a continnity in the
| ridge line direction was erronecusly selected in a portion hairing a good
image quality and a high curvature of the ridge line, the selection is not
adopted because in many cases the energy in the proximity of the peak
- does not become the maximum peak. Namely, the discontinuity where the
selection failed, can be detected. On the other hand, if the selection

resulted in success at the discontinuity, since it is not necessary to perform
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di scontinuity. Mreover, in this enbodinent, only ridge |ineagandbges e

I mges having a maxi num energy peak in the proximty of the peak, are
consi dered as being valid. Even if the winkle having a continuity in the
ridge line direction mas erroneously sel ected in a portion having a good

| mage qual i d a hi te of e rld%g line selegtihgn i s not

ad?p';) ed becI F?\tl% eE’a Na é‘Tré‘WeP g RTQ sg}g)%‘n}ntbpflgyat[e e PeAk  does
ol 1 eq.  cantrifedBre BT Hich 2% e.sdtps BuEpRdsrhy i Rif-t g ofifie ) "
success at ﬁp gqgrz Q{xﬂi&é‘t‘% X?lagenlt%he e(g &tfﬂ)‘i’fal @fegﬁﬁﬁa Yut B tHe' Beat® 29

August 2005 on I'cl enc processi ng can be

el evat ed. {gegio? %Jvﬁﬁ:h' #el&@ﬂbﬁ hGtyERBeBs ugrert@& ADACYMESh 38" O,

t he sel ecti ridge T'irne can ate I mage is conditionally carried

out fromt h&‘c(l!]'a@éﬁ‘ﬂ to fIROIRA] fr@%m\ﬂ"fd‘rhwhfﬁl fed s6leclBnRRgs BBpletedd s,

conpl eted and which is adjacent to the local region for which the

sel ection v fdpwlRiecsbledtivie cantbepeifdaitieli fog spoaidn whichhaschguomher med
for a portion which has becone surrounded by the discontinuity under only

the st andarshirtdandédbyeaherdiycorsintyranderonbethe ftaedarndijhatitheichengplisy, a
conmputer programin accordance with the present invention is a program

descri bi ng 4 maxinmurgeak (periodxecuting the method for processing the above

mentioned fingerprint/palnprint image. Nanely, it is a programfor causing
a conputer to exﬁ‘tmd@lta llys @ceampartes pr@gmmumga@pqrdﬂgee plv’lthtﬂl}@apfﬁﬂen t

I mage into a plurality of Iocal reglon and racting a_plur y of
ridge |ine loaeationtis & prgaamadl esqu ingfheareceds é:wxq%%mgfthe a]PP f the

ljgtc 2'r mr ﬁ?lngt%r{c pgﬁglf;ewglné, (rggg a ﬁge ;r?elllt?gng t nrge%?ﬂlty rﬁn?gr%z% image.
| Namely, it is a program for causing a computer to execute a procedure of
dividing a fingerprint/palmprint image into a plurality of local regions
and of extracting a plurality of ridge line candidate images which
represents ridge lines, for each of the local regions, a highly reliable
region determining procedure of determining, from the ridge line
candidate images thus extracted, a ridge line candidate image having a
high likelihood of a ridge line, and a local region including the ridge line
' candidate image having the high likelihood of the ridge line, as a highly
reliable region, a procedure of selecting a ridge line image which can be
estimated to represent a ridge line, from the ridge line candidate images
extracted by the extracting procedure, for each of the local regions other
than the highly reliable region, a discriminating procedure of
discriminating, for each ridge line image thus selected, whether or not the
ridge line image thus selected is valid as an image representing a ridge
line, and a procedure of generating a whole image on the basis of the

ridge line image in the highly reliable region and the ridge line images
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candi date i mages thus extracted, a ridge |line candidate i %ﬁﬁy a
hi gh Ii kelihood of a ridgeline, and a | ocal region incl u?ﬂ‘gu eidrblgdge

line candidate inmage having the high likelihood of the ridge line, as a
highly reliable region, a procedure of selecting a ridge |ine inmage which
can be estimated to represent a ridge line, fromthe ridge |ine candidate
| mges "extracted by the extracting procedure, for each of the | ocal
regions other than the highly reliable region, a discrimnating procedure
of discri wihich e dis¢riRdsiet Bth dirifififtidd Bocithie Bhe YARHNRY of not
the ridge line image thus selected is valid a n 1mage representing a ‘
ri dge | nthe immgearelplrmrﬂhrgetwﬁqFa%ﬁg_i ng a whol e i mage on the basis of

the ridge line image in the highly reliable region and the ridge |ine

i mages -26 29 Agusen@onsdwibove waceordlisgriorithet pebsent tinwedtionr iifi Rat i ng
procedure to be valid as the inmage representing the ridge line. As

nent i oned ROfSRIe t quedisedy t extraet the sedge i linebothnini 4 regiopdssiippe to
precisely extract the ridge |ine both in a region having winkles existing
m xedl y to‘ﬁ@ﬂk@“r\s GrIsking miFedly i together withn ar eigigenlinenandding eegiddge | i ne

havi ng a l.arge,.curvature. mely, sjnce whether or not the ridge |line
candi dat eipﬁﬂ@éﬂ%é 'éégéﬁﬂlﬁz WHlg | ¢ icosvataneli dNamelyesiaceiwhethert i s
det or mi i % i tBe rideq Hp saBigaterinasecidneton e e fidarsling cradidate of a
nasa | ar seleBiBnai} B dBhfrE S bl fuge it Hhagtis detgrontierlcy dhea
'ocal 1 nf SAnd, fegton Weicthlifhg S fH BRYBI do° BRI RE e RRERR ngi y, o

portion i selablie ofl @Y 1idiihYa f‘e:g'iéh%vhjicﬁ shdtid adPRLSlhegnce: and the
sel ection processing goes in only regions
Here, a region which has a large curvature, such as a core, a delta,

- or a proximity of a wall-like pattern, and which is a remarkable
discontinuous portion in the local information, is a region which should
not be adopted. Accordingly, a portion in which discontinuity exists, is
not adopted at once, and the selection processing goes in only regions
having a highly continuity in the local information. However, since the
'regions continuously changes and continues at a discontinuity in the whole
of the image, all the regions can be selected by Selecting the continuous

- portions as a bypassing route without selecting at the discontinuity.

If the selection in a discontinuous region was carried out without
considering the nature of the region as in the prior art method, a
candidate having a large difference in a Jocal information must be
selected, and therefore, if a standard of selecting such a candidate is used,
the candidate selection is subjected to an adverse influence in other
portions, particularly, in a region where many wrinkles exist. However,
as in the present invention, if the selection at the discontinuity is avoided

by changing the order of selection, it is possible to properly select the
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having a highly continuity in the local information. Howevgraugishgsst he
regi ons continuously changes and continues at a discontinuity in the whole
of the image, all the regions can be selected by selecting the continuous
portions as a bypassing route without selecting at the discontinuity. I|f

cons der | ngtilge e B gHl (e Dgna Pl e ihcotala et ASlectiag a
ColSerea, arundflate abETe A SSUCR RkoR nog odl BB, Bbfnebfver,
d, h
tﬁg;eréo?t e, W?eiec {4 ey iﬁ%ﬁlﬁ%@%@%ﬁﬁ%ﬁﬁa | £ "
di scont i nui Pyvl sé avol 3 &%%‘l&}mg’%ub%t‘?kh or deragg hh ?ﬁdf&ﬁ? lmage
possi bl e t 0,0F@RGIHIY 18aheChrinife was ofleAltiSectl s&laﬂ@d lnaevévreenﬁﬁbl the

regi ons on t e basis of the standard of selectin candi date having a
smal | di f f esghisifon Ba beRdidéd itHiRih®htdm t he prl or art, since the
sel ection was forcefully advanced even in a | ocal region having a snal
~degree of conti nTheVinventiofldris!thne beendhdsire ahdalscribet rwithitrefdrente td he
wrinkle was often erroneously selected. However, this situation can be
avoi ded in thd spécifienenbodirmieats. fdewieiven, ashduldsbdeeted ithainthengretentr i bed
with reference to the specific enbodinents. However, it should be noted
that the prisention fsannoowaydimitedotontlye Hetailsedf the iHusaated stsuoturese
illustrated structures but changes and nodifications my be nmade w thin
the scope obut ﬁhangp@Mdeﬁiqﬁlormgnmgbst neles vathinnthe scopa of the
flngerprlnt/paI%P q |nage processi ng system conprising a

appended claim
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means for reading a fingerpriat/palnprint image, an extracig g amss for
dividing the fingerprint/palnprint inage into a plurality of Idcal regions
and for extracting a plurality of ridge |ine candidate inages which
represents ridge lines, for each of the local regions, a highly reliable
region determ ning nmeans for determning, fromthe ridge |ine candidate

i mages thggigxtracted, a ridge |ine candidate i mage having a high

| i kel i hood of a ridge line, and a |local region including the ridge line
candi dat e] i magg hAMpHrintfodtiniidti kiehad® oprotedshify I sggem | _@%m;ﬁﬁsiﬁ%hl ghly
reliable region, means for selecting a ridge |line inage which can be

esti mat edmeand eforesending 41 figgerpring/palmprint Nenapedgen | éxteactimpdirdedrss iforges
extracted by said extracting neans, for each of the |ocal regions other
than the divglihy thed | fibgerpriatpalmprantdiisegeniintt i ngplweadity fodr lottad c régionst i ng,
for each ridge line inmge thus sel ected, whether or not the ridge |ine

i mge t huand efarctexdracting f@cplurelity aff ridgge linpreandidatey nageyewhicle, and
means for generating a whole imge mthe basis_of the ridge |ine ina?e in
the hi ghingpresengs| idgeglives.afer teachy iafgdhe i ncal nergionsi @ highly reliable

O L DLt el SO B, e g8 U ldnge
g;ffé' "t it hus) extiackide @ qigetelioe domdiiie yided v e Bifton °
' h h ghl l;i abl [ herwi,;sq-.i | i d

o TSR AL LBl R AN O AT
g&c "Vl i qangidege} iﬁé%jﬁ*ﬂ?’ﬁ{é S i, e CbE b HREE Sl 5 4 miBhke

mo1 . =t print7 par npH _RTOcEss , ! d
the 2o FGNABIE aPelfh ol 1Pl \RIDEERA Tidu S M TUBEES whRIP oA B
bet ween (RGP0 rBfresent a ridge line, from the ridge line candidate images

extracted by said extracting means, for each of the local regions other

than the highly reliable region, a discriminating means for discriminating,
for each ridge line image thus selected, whether or not the ridge line
image thus selected is effective as an image representing a ridge line, and
means for generating a whole image on the basis of the ridge line image
in the highly reliable region and the ridge line image which were
discriminated by said discriminating means to be effective as the image
representing the ridge line, wherein said discriminating means discriminates that
the local region of the ridge line candidate image is valid if it has at least some
degree of continuity to the local region determined as the highly reliable region or
otherwise is not valid, and said selecting means does not select the ridge line
candidate image in the local region that was discriminated by said discriminating

means as being not valid.

2. A fingerprint/palmprint image processing system, claimed in Claim

1, wherein said discriminating means discriminates, as being valid, the

-29.




direction of a ridge line inmage to be evaluated and the riggg.Lid8o0s
direction of a peripheral ridge line image, said difference B I ng not
greater than a threshold. 3. A fingerprint/palnprint imge processing
system clained in daim 1, wherein said discrimnating neans eval uates
the likelihood of a ridge Iline of the ridge |ine candidate inage on the
basi s of Ld | i ' babi e HepWBén S t BRé

di scrim nf;l%lgls3 ﬁglg E’gﬁ%@aﬁwg‘? f]% rgdgeg?t;fﬁfeeﬂggndi dat gni ﬂnggeﬂiﬁ%%/i ng the

| i kel i hoogiredtidd ddea lride: Nidle [Rage ttbabe evaligddt &idrithedidgy dine 4lireétion
fingerprint/pal nprint ihage procéessing system clainmed in Caim 1, wherein
sai d di scéf ra priripherdiesidge | iuersnage, evaidudiffaontd rissing| notf greatéetthani ai ng a
valid region at each tinme the valid | ocal region beconmes zero in the | ocal
regi ons afhreshedd. to the highly reliable region. 5. A fingerprint/pal nprint

| mage processing system clained in aim 4, wherein said discrimnating
nmeans di scrimnates, as being valid, the ridge |ine candidate imge having
a difference between the ridge line directiop of a ridge |ling.i e. to be
eval uat ed3and Andingesgnt/palmprint dmage PEPCISSHS i SYSEA @'ﬂé“éfllﬂggg?%ge,

0 ST i R T
e cancod i B LG SR ol S Wil S

IC: (Eielmi h goa f@"Aﬂ%ﬁ%t&rngf‘sPz’%%p@%étﬁuﬁ%c&‘@%ﬁ‘?ﬁ"ﬁ%ﬂeﬁhé meanr} eva Ugles the
11 ooHagh o bARagd Sl i A ROGA ERLE BABGRL Rt ek

di scri m napesierdinhRievip! i d. the

4. A fingerprint/palmprint image processing system, claimed in Claim

1, wherein said discriminating means lowers an evaluation threshold for

determining a valid region at each time the valid local region becomes zero in

the local regions adjacent to the highly reliable region.

5. A fingerprint/palmprint image processing system, claimed in Claim
4, wherein said discriminating means discriminates, as being valid, the
ridge line candidate image having a difference between the ridge line
direction of a ridge line image to be evaluated and the ridge line direction
of a peripheral ridge line image, said difference being not greater than a
" threshold, and if the local region to be selected in a valid region
discriminating processing, becomes zero, said discriminating means
discriminates, as being valid, the ridge line candidate image, regardless of

the difference in the ridge line direction.

6. A fingerprint/palmprint image processing system, claimed in Claim
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ridge line candidate image having the likelihood of ridge dg AgnRPs0odseSS
than a predetermned level, and if the local region to be selected in a
valid region discrimnating processing, becones zero, said discrimnating
means discrimnates, as being valid, the ridge |ine candidate imge,
regardl ess of the likelihood of ridge line. 7. A fingerprint/palnprint

i mage pr ogesdicrein vaidbisaliminRng "mehak evaAuawiettn Nikuditbokofag tridge means
performs. a two-di nensional Fourier transformation for each |ocal region,
extracts hnglofrthe tidgefline aandidateriasqpgm dnnthe basisf 6£neridge vitnelipihsopnal
sine waves, on the resultant Fourier transformation plane, in the order
from t he 4 ateyeéatiomngf theipower spectrima; gast deserimynatess as hdiognivalidptheeak,
and extracts the two-di nensional _sine waves carresponding to the peaks as
ri dge |i nadgehimedeandidategunagahaving the tikebihoatref ridge dinmsot legsuthessa t he
ridge line candi date j mages hayi.ng . a _maxinmum ener eak in the proximty
of the pdmﬂemeddevgﬂi and ahthe logalgegienite fba%lép%‘éf 8y 2 Rl 168190 in a

val id regi.on .determning process becone zero, said discrimpating nmeans
bval uat o IBREMIGLEE | PSRRI e oML 52650, 15Etho IRPRMINRaGR: dNEdss of

1 BB P o e o LACLRGAIL S, b,
processi r [ {

| mage, a ti . dividing the fingerprint/palnprint imge into
a plural {}pg)ih{eqﬁbocogfof%@%gﬁlneand of extracting a plurality of ridge |Iine
candi date i mages which represents ridge |lines, for each of the | ocal
regions, a highly reliable region determning step of determning, from

the ridgeylin ' ' 2 i dge
e LSO A A bRl MR S S RinESl e D o
region ingl yehdigin Nenidll dafraktion R fbimeea hawbidinidisibhah Faoledét hood
of the ridge line, as a highly reliabl'e region, a step of selecting a
ridge |ineandfegmativrchfor each local region, extracts a plurality of peaks
corresponding to different two-dimensional sine waves, on the resultant
Fourier transformation plane, in the order from the largest amplitude or the
largest energy in the vicinity of peak, and extracts the two-dimensional
sine waves corresponding to the peaks as ridge line candidate images, and said
discriminating means evaluates the ridge line candidate images having a
maximum energy peak in the proximity of the peak, as being valid, and if the
region considered to be valid in a valid region determining process become

zero, said discriminating means evaluates the ridge line candidate images as

being valid, regardless of the energy in the vicinity of peak.

8. A fingerprint/palmprint image processing method comprising a step
of reading a fingerprint/palmprint image, an extracting step of dividing the
fingerprint/palmprint image into a plurality of local regions and of
extracting a plurality of ridge line candidate images which represents ridge
lines, for each of the local regions, a highly reliable region determining

step of determining, from the ridge line candidate images thus extracted, a
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can be estimated to represent a ridge line, fromthe ridgedAngscrgs date
I mges extracted by the extracting step, for each of the |local regions
other than the highly reliable region, a discrimnating step of
discrimnating, for each ridge line imge thus selected, whether or not
the ridge line image thus selected is valid as an inmage representing a
ridge li xﬂﬁghe ' i ihoReEoPA ridie his iandaf lodahe
ridge I|i ﬁdgﬁamglga?az{(?ﬁ%&h gh yhé‘gilqgg%iﬁég@?g{%})n and the c}%Eédge | i ne i mage
whi ch weregich fetidihaanedidye liecatididiortnnigio haviagehe il #ikelihood af thée

| mage représenting he ridge line, wherein in said discrimnating step,
the | ocal ridgsline, &f a bighlyirdfigbleiregions ansiéslof seleoting ai ridgt kne imagavdiclas

being valid if it has at |east sone degree of <continuity to the_ |ocal

regi on detaeriné estimatsd tth ecpricsgit v nidgé dimee fraami the Bdgetdine oandidatesimages not
valid, and in said selecting step, the ridge |ine candidate inmge j$s. not
sel ect ed ¢xtradted lbyctile extatimgtsten, foreach fo:t&,lﬁ pealtregiony othgrdhan ting

step as being not valid. 9. A programfor causjng conpuier to execute a
pr ocedur erebablgi reginm @ discriminaing step/ gadlisprmyaatings Jer ieﬁ&lp) Héieg& lipeyfmage of

ot bRl el i e ity T
ol e RN S04 el LA I

| lh: nﬁl cap ﬁét‘&q ﬁ'ﬁ%énﬁgsﬂﬂgtl"? Rﬁh@gﬁlﬁpkefe%ﬁ%%gﬂg&ﬂ?he ilggée ?éne, -asi 2h
can be eot Rl tTER b3 it ARGAHfifuie RERT6HENIR & #3nidddTchRRERING 2
o IR S s ntom ot e aitne

gfel ggfg&td%%%n(g%@;%t the ri %@Pﬁ%@‘r’%&gﬁ %ng&gaeq leegtﬁe%di?gﬂe%?gfas an
i mage r epicptinnityRe tHe 16k eegibhletdttfingd B decHiphly oélidste esgivh v otherwise

as being not valid, and in said selecting step, the ridge line candidate image is not

-

selected in the local region that was discriminated by said discriminating step as

being not valid.

9. A program for causing a computer to execute a procedure of dividing
a fingerprint/palmprint image into a plurality of local regions and of extracting a
plurality of ridge line candidate images which represents ridge lines, for each of
- the local regions, a highly reliable region determining procedure of
determining, from the ridge line candidate images thus extracted, a ridge line
candidate image having a high likelihood of a ridge line, and a local region
including the ridge line candidate image having the high likelihood of the ridge
line, as a highly reliable region, a procedure of selecting a ridge line image which
can be estimated to represent a ridge line, from the ridge line candidate images
extracted by the extracting procedure, for each of the local regions other than the

highly reliable region, a discriminating procedure of discriminating, for each
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whol e i mage on the basis of the ridge |line inmage in the hlmmgwbg@@le
region and the ridge line imges which were discrimnated by
discrimnating procedure to be valid as the inage representing the ridge
line, wherein in said discrimnating procedure, the |ocal region of the
ridge line candidate image is discrimnated as being valid if it has at

| east sonedglelineémage dunud sebeoted; wiethéreor hotothe ridgy kine dabge thueselostedlis
highly reliable region or otherwise as being not valid, and in said

sel ect i ngvalicbesdur spagheepreserting aeridge dintatand aagmoedurmtof getierating an t he
| ocal region_ that was discrimnated by said discrimnating pr ocedure as

bei ng notWwhelé tmagsestthe bases eftheondeerinmRouegs/inthe higiohrretiablenagimR NT

| MAGE ABSTRACT A.fin erprlnt/pal rint inmgge processing sysiem,and nethod,
for |ocaanF§Aé13¢ d‘ﬂ@g? zl}e d’éﬂ?&est Whic mwr@”ﬁgﬁcr@mmmi We&l%mq@ymnaatmgge
l'ine dgﬁ V\:HICh Cﬁ g}rra.tedto repr esent ag.'rd elln i s selected
(15) OFF B 1 ClAgE, Eepreseting the, sides ling, whgrgingp

N Sfiﬁ?. filfribefifs prog ,aﬁ%aéar?@%&éfﬂ%gehsﬁﬁieﬁ% Hofi ImBEE s <
e i SRCTRUBGECR Rk 6 Bhab¢l5R s nt el Srihitfnaly B fpe

local region determined as the highly reliable region or otherwise as being not

valid, and in said selecting procedure, the ridge line candidate image is not
selected in the local region that was discriminated by said discriminating

procedure as being not valid.
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