:e3e: 06LT2 SPECI FTCATION Title of the Invention SYSTEM AND METHOD FOR
PROCESSI NG FI NGERPRI N/ PALMPRI NT | MAGE Background of the invention ' The
present invention relates to fingerprint/palnprint imge processing system
met hod and program far use in fingerprint collation, fingerprint

classification and pal nmprint collection, etc, In the p~. a”mm mmm"mmw
fox automatically extracting a ridge line information suc l'ine
direction and a ridge line pitch fraur an fingerprxnt/pal xrtpzamhRé« i mage

i ncludes, fair exanple, a 'Ridge Line Direction Pattern Snoot hi ng Met hod

e e oy SHRCHFECARRON o 22 ATMRHANE: o
kavkoshi U oF HETAVERiOe Li ne D roct i on Pat ter i Smoot bt ng Webhod and
“An oval uat i on Tunct (RSt EM AN BEEFROOFQRPEOCRSSING. T\ 01 of cach
i 21 ng e eval uat SN ION T RERAERINTRIERGR S <°Siroot hensa. on
t he ot her B@E?%fgé‘w‘?ﬁ edmientibhcat i on of Fingerprint Patterns by

Rei axati on ormat1 on of directions extracted far each twa
' The present invention relates to fingerprint/palmprint image

processing system, method and program, for use in fingexprint collation,
fingerprint classification and palmprint collation, etc,

In the prior art, 2 method for automatically extracting a ridge line
information such as a ridge line direction and a ridge line pitch from an
fingerprint/palmprint image includes, for example, 2 "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 rinimizing 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 the wrinkle, and it is in
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di nensional |ocal region of era inmage is snoothened by a so-called

rel axation nmethod. In the nethod described in Japanese Patent No. 2, 76~, 3~5,

however, If it is intended to snoothen an image including a winkle,

circunferential regions are snoothened in line the winkle, and xt is in

_Z  same cases that the winkle is rather enphasized, ~n the other hand,

I n the technol ogy described for the classification of the fingerprint

pattern by the rel axation method, although the relaxation nethod is used as

t he technique far snoothening information of direction extracted for each

| ocal region, the snoothening_ is carried out in |ine m&th he_ wrinkle for
dheq

eyl st ppetsy g oty o Jik
area, wit Hthentechaelpgy dﬁ&@ﬁgPa trﬂF i'-h!‘(l‘-gé%s Petieﬁﬂégﬁzﬁaswﬁné Wéﬁm)r of )
b o- bxam i 10 raieriom Metod: althouzBiBe Tefamabion. etBBg 8 disedhas the,

S a6 T 0 S LI R
w thout  r JOBA Py e shidBeblolf il CHffed 3Pif HOgRERE S whRIP O] | TE0P
o o pl A& D of ietdR Wrifitley WHRHPats frofudRlyBRL in SRApS Ad o0 e

det ected fwgidﬁafb ghm!el t8eachhethepnad iadﬁhﬁla(ﬂxn@h and daenvovedariatgd o he

surely a ridge lin ' ected ridge |line candi dates

Xxs determned fromthe

i n one bl qgbh, withdthenreshlt that the wirinkles are emphasized. candi dat e having the
consisteztcy with the deternaiued ridge_|ine candidate and the bloclt are

chosen. The' ri die inventapef ithe pyesentapplicstion propogewin JapanesedPatest w i nkl e
cont i nue’ tApplisatiarycbre-esaminatisinr BublitaBodanth WAV SvBEh "
e o drpensondh oDl RS O3 7RES L, B! SOBREIE o ™
cand! dat gy LEnhRatISBYP BRLARY SO ety 4l thildaputiadny 4 °07 on
fingerprint/palmprint 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 candidates in one block, and in the other
blocks, ridge line candidate 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 correctly

detect the ridge line in a region including many wrinkies.
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Fig. 10 is a block diagramillustrating the fingerprint/pal nprint inmage
processor nentioned above. The bl ack diagramof Fig. 10 corresponds with
Fig. 9 of JP-A-09-167230, but is one obtained by sinplifying Fig. 9 of
rF-A-09-167230. In Fig. 10, the reference nunber 11 designates an inmage

i nput nmeans, and the reference cunber 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 ate adjacent region
group detecting neans. The reference nunber |IS designates a ridge line
candi date sel ecti on neans, and the reference nunber 16 indicates an inage

generation neanEig.H@ds atockgdiagram idbstratingi the fisgerprint/pglmprint 13
corresponds to the first ridge line candidate ima e_selectlngdgprtlon 12,
(he conncolnsge paaseat mponaioabest. e biock dggman:ob e 1n
s s “Softnb ol s R el e rnliielal,

20 et o Bl g AP A S W a0 T kB
I'n Fig. 11;it(x§§l§§é£é§ﬁguf&%§gt iﬂ% ﬁ%&’fﬁ%eﬁkgr ?%&&gﬁz’%m#&f%g an .
|t or rat  ARCRRe &1dcaf pBRAarioh EXGaibA pitack, CYRE iforohER dRtr I\ P07

means 12 dis¢ies 4 gﬁ%w?éumeoﬁgbﬁadetemg M éQris! Qaid ﬂ?@%bﬁiehc¢ ocal

regions (S 1002), and éxtracts fromeach local region a plurality of imges
(whi ch wi Inutabecal 4 eshow’sr anoadjacent gegionogroup-uhgetting, meangandlkiet e

whi ch expresses a ridge tine existing 1n that ['ocal region (S 1003). Tbu

ri dge |i naefereticéanumben s dasighatesoarridge line candidate iselgeticmmeaansdi dat e

i mages thus extracted is supplied to the highly reliable region _determ ning
nmeans X 3)andhthe rqu@enqmu@gnail&au@%e&@m image-gereraosnmeans Hetge

eneration ans. 1, /.. Xn the highly reliable region determ ni ans x3,
AT dge | ithe Hghuy aaﬁabﬁ]rwoe#ﬁseﬁmgimm lﬁgcwms@qﬁsjt@tﬁ?é‘g@n ine is
detected ap .gcal i i ncl udi t ] | L ge ndj dat i ghl
reliable rré‘gggni}l,ﬁ%afghgg‘?&gmlﬁ@&%f ﬁ%ﬂqqtﬂgé pP hﬁi&lt Isllﬂoft‘i"%’l g:&@qel%@qbgnd%/dat e
i mage S i Qhﬁﬁ t j Qﬁﬁﬁﬁ&hﬂg mean
I14, gt ?le( r i%ﬁ@£ﬁ§£%?§?fgﬂ%gﬁle%%g rneaﬁ{si lé%;irm&ﬁéelﬁ%ge gener-ati on >
means 16. poktiondiagledwn’ ROIFIE. & of JRA-O0 1602382 Thedadjaedat atbidwcal

regi ons (adjacent rgglon) whi ¢h adj oin the highly reliabl’e region (~ 1000.
For exanplgroupfdetectisg assameld tndtthemidge inkeycandidats seleatipromeans el ons
shown in the dense hatching i,n Fig. 12-(a))_ were detected, regions

E} reﬁ: ons is:mv:spm&tcehm nax cidgedling cang;dm-imge mesﬁusdpmumfﬁltﬂe
tat ol Showhil B S TP ATRL 87230 oot et e, | o diseri mnated (S
adi avent regr oRieht df & ARuelRRt ufasiii bh orrdior Beliheof M SysieR 0 L
cach of t ioas B85 (691 Fig, 31, thl gl FiphaedsS] £ 5k ;%ﬁfe?g% e
ridge line candldg?%'lnhges, aci'd the n&ﬁbepho the sele@?% e fine

candi dat emrmmfprmtnﬁ hhiigthdey dndesupplies drNihsse on the #oamlofa digitakxanpl e,
in order to performthe ridge |ine candidate inage selection far the

adj acent imgigentd’ fie ddcalyinforrhatonlgkitadtion means 12t(S 10I)ngTheHoghl | evel
of continuity is selected fromthe ridge |line candidate inages "1" to "b".
1n this einfqrmatiomexiragton maans ddodivides theatreeived osiginakbmage into

Thereaf ter, cessi 5705. bn the highl i abl
' ogi on or tieediisBasional;oval deaians (81003 anBoerancer om eralbdobhe -
Candi date_j . 8 | | |.,ad ons. whi ch,. i th
the- i ghi §E00R Aiptaradg, o aARRes (el inl PaRa of “GHeE it binufafe 0 of
the ridge;linencand at e ated: are. ly, i
the exanpBABRoGAS PRI AICE eapRehsER hRRE ind LRisTmE R B OGP Y. 1
adj acent f@%bﬁWﬂUO%?ﬂ‘H@%ﬂ?eeﬂna @hnfilate idbes A Rumberefle Step ~x-~06,

whet her or ot bne ar mare adj acent regions are detected, is discrimnated.
if one ar mare adjacent regions exist, the processing does to the step S
1007, in which in each of the adjacent regions, a ridge line imge is
selected fromthe ridge line candidate inmages. Ins the follow ng, the steps
~ 1005 to S 1007 are repeated) and when it is discrimnated to be "NU'" in
the step .S 1006, since the processing?has been conpleted for all the | ocal
regions, the imge generation nmeans |6 restores a whole ridge |line inage by
using the selected ridge |line candidate i mages, as shown in Fig. 12-(b) (S
1, 008).
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The fingerprint/pal nprxnt inmage processor nentioned above, disclosed in
JP' - A-09-1G7230, can extract the ridge line without being influenced by
wrinkl es. However, since the ridge line inmage is deterni ned for each | ocal
region by inportantly considering the continuity between adjacent regions,
anot her di sadvantage is encountered in which, in a ridge |line having a

| arge curvature such as a care shown in Fig. 13-(a) and a, delta shown in
Fig. 1.3-(b), even if the ridge lines were clear, a candi date inmage having
a winkle having .a good continuity other than the ridge line is selected,
with the result_that it fails to extract the ridge line. _5_, _Brief
summary of the Thesndgedine candidage imagesi thusrextspeted 15 sapplied dadhe

i nvention to provide a fingerprint/pal nprint i|page prqQcessi ng system

met hod andbighlyr ealja i@ﬂ%\ﬁiﬁ@mmmwsa%v m&g% SABEIdate of the

BT T, AR ot U ik D o
A S T N T R
ridge |ine.faviqagsd ﬂo%%esﬁfhflga&“ﬁﬁgeTﬂgeaﬁo\&%.térh‘t@{:lohﬁﬂraoﬁic%i.tfe\ggbil. t he
present i nvent1on are achi éve I N aCcordance wt he present In nti on by

a fingrpri ] ry [ C ' i SF S r
reading a #r%gg?p [ iliﬁttl gai%rﬁ?t% %ﬁﬂaﬁﬁﬁgﬁgﬁggg@% c?lﬁ-\e/i di ng
the fingergétenmined fromrthetpliraity ofidge linlewadidateoimages(S 10020 and and
for extraotirig a plurality of ridge |1 ne candi date i nages which represents
ri dge |i nesypplied eadhe adjacentaegion ggoupsictecting ghéany ¢4 e eidgegline
determ ning neans for determning, fromthe ridge |ine candi date images

t_hgs er_tra@ﬂmhda@ ?1¢@mem _ lcbg;@ima?sen?ﬂ@memgﬂguka i hood of a
it the o KGR il kol M ofiios I, 1S ol
"0 on T RHoRE[aRLER 1o 00 B MBI HLIR R RIORES, LS |
the extrackeexaRIe, if 9f 1S 38Fued! it BiEhighty! Ieablb 1REiOMA frddibnd) o ¥

reliable regi rimnating neans for ni x~at 'ng, each ridge
l'ine i moesHdwa Relthet dénseirittieingotinnPig.! 12-(a)Y owete rdetbords tdpionsel ect ed
Is effective as an inmage representing a ridge [1ne, and neans for

gener at i nregicns| showagm the diletd dmtchiof ih#igi 33(a)) wehichasdjoins the e
highly reliable ~regia~ and t6~e ridge |ine jnmage which wi.re discrimnated
by the di sh;ghl&ﬂﬁa agdans are detecied ast a adiacent TegioimgdNext vekether ng t he

ridge line. According to another aspect of the esent .i ny.ent.i on, ore xs
9 or not one or more aci}acenf Ili‘t:glt:ms are dgtrcc%e(i], is lscnmmatt%

(581006). 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 irmage 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
iages "1" to "6". In this example, the ridge line candidate image "2" is
selected.



provi ded a ~ingerprintlpainprint imge processing nmethod carnprising a step
of reading a fingerpriatlpalnprint in~. age, an extracting step c~f dividing
the fingerprintlpalnprint image into a plurality of |ocal regions and of
extracting a plurality of ridge |ine candidate i mages which represents
ridge lines, for each of the local regions, a highly reliable region

determ ~aing step of determning, fromthe ridge |ine candidate irn~ages
thus extracted, a ridge line candidate i mage having a high |ikelihood of a
ridge line, and a |local region including the ridge |ine candidate inmge

rogi on, a st ep DheteaRts g brSvessiiz pbdRs thife oS ME" Wb BEMENE,
he oot tr AP Bpeiohor M et SekioFor sHBRH B sclabon BEAR 1< BBRT ), )
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sel ected | neifBér théshighly RIS Hothe lbbdn?eg}di?,fofr%?clfttﬁ@ of

getrerating a whol e I"mage on the basis of the ridge line imge in the

highly relselettionedf ahearidgehlinei casdidane iimmee hali béemasompleted] are nat ed
by the discrimnating step to be valid as the imge tepreser~ting the ridge
line. Accoselectpd o Nairelyaint ther example sliowheimpdégent2-i(a)ealli regionkere its
provi ded a_ pragranx for causing a conputer to exeGJhte a procedure of
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by the extitagasng Inrtheefolleyidgr theastepefS10@5 [toc81 002 girenepeateat, adn t he

hi ghly reliable.rggiqn,_a.discrininathg&hprpcedure of discrinminating) far
each ri dgewheneiti imgliserimingted doebe, etime thexstept S0DG6; | sigeel the | nage

t hus sel ected xs vaLiFd,gs an i mage represgntjng a ridge line, and a
procedurewﬁcﬁéﬁgﬁfi fig %PW@PPWHQQ o hﬁh‘"&?ﬁai 108% e JEnage e
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description of Iﬂfeefﬁﬂgéﬂ)ﬁﬂﬂgﬁﬂhpﬂﬁts imhgehprooeestr mentibhcdehbovace to
t he acconpan~ring drawi ngs. brief description of the drawings Fig. 1 is a
bl ock di, aisclpsedfinalPiA<)9-da7230ncamt extracti¢hé inidge lins withoatrbeing | mage
processingnf%ftenx in accordance_ with the present inyentjon; Fig. 2is a
f1 ow chard eﬂ§9dabi}’n@”§ﬁkg%raﬁ%webfﬁl”t |BLRCR G ewHNRECPIYy . 1;
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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,



Fig. Sillustrates the sequence of selection of a ridge |line candidate

the prior art; Fig. 6 allttstrates the sequence wf sal ectian of a
ridge line candidate in t'he conventavnal fingerprint/pahnprint ~unage;

Fig. 7 illustrates t$e sequence of selection c~f a ridge line candidate in
the fingerprintlpalnprint image in the cnboditnent shown in Fig . Xx;

| mage in,

Illustrates an e~aznple of discontinuity in w xich a | ocal
;ridge line direedian in the fingerprint/pal nxprint

as a

changes;

accor dance

S???p'piegf’fﬁ“? g%ﬁm&aﬁf!mﬁ o oR B SReN ERUBN h rgFide dar

Fig. 8

I nformati on such
i rn~age abruptly

>~ig 9is aflowchart illustrating an operation of a second
enbady. ~nmeqt f t he flg&éﬁ r.intl pal nprint image processing systemin

exanpl e Shﬁwge}pﬂnﬁbﬁlmﬁght image processing system, method and program,

which have overcome the above mentioned problems of the prior art.

Another object of the present invention is to provide a
fingerprint/palmprint image processing system, method and program,
capable of precisely extracting the ridge line even in a region having
wrinkles existing mixedly together with a ridge line or even in a region
including a ridge line having a large curvature.

The above and other objects of the present invention are achieved in
accordance with the present invention by a fingerprint/palmprint image
processing system comprising a means for reading a
fingerprint/palmprint image, an extracting means for dividing the
fingerprint/palmprint image into a plurality of local regions and for
extracting a plorality of ridge line candidate images which represents
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 iinage having a high likelihood of a
ridge line, and a local region including the ridge linc 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 rneans, 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 bagis of the ridge line image in the
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Fag. 12 illustrates a processing of selection a ridge line imge in the
prior azt exanZple shown in Fig .10; Fig. 13 illustrates exanples of ridge
lines such a core and a delta, having a |arge curvature. Detail ed
description of the invention Nvw, enbodinents of the present invention wll
be described with reference to the a~cconpany'ing drawings. Fig. 1 xs a.
bloclt diagramof a first entbadirnent of the fingerprintlpalxnprint inage
processing systemin _g_  accordance with the present invention. In p'ig.
el enents corresponding to those spawn in Fig. 10 ~e given the sane

caput - on ARG reliahe fegton wnd 1t FRGEIRRE Bl Ribich wafe BRRERRR ' 1C0°

reading a by YHEXBAHAATAL Wéddd fo B8 effebeivE™the fnfi BfreSenting the

ridge line.
According to another aspect of the present invention, there is

provided a fingerprint/palmprint image processing method comprising a
step of reading a fingerprint/palmprint image, an extracting step of
dividing the fingerprint/paimprint 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 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 were discriminated
by the discriminating step to be valid as the image representing the ridge
line.

According to still another aspect of the present invention, there is
provided 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
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I mmge. The reference nunber 12 indicates a | ocal information e~rtraction
unit receiving the fingerprint/palngrint image fromthe inmage input past 11
fox dividing the received original fingerlrri~n~t/pa~lnprint imge into

t wo- di nensi onal | ocal regions) and far extracting Prameach |ocal region a
plurality of ridge Iine cactdi date i mages each of wktich expresses a ridge
line existing in the respective local region. ,A s described in

JP-, ~1-(19-1~72~a, far exanple, the local. information extraction unit X2
perforns a two-di mensiarial Fourier transformation for each of the

t wo- di nensi onal | aoal, regi ons

o two- di PSR BRge WAGoraoacty of, Hitolesal PREikDS, anbiay, GlANent
Faurier transfornmtion. plane, in,-e a}rgﬁ; frort ~ tﬁs Ia&gﬁstdanqyitude or
the | amestTeEiORgfetsrmming; procedure,of, determymng,  from (ths, nidge "line

_di : et di ' : .
cin o AR Bl LR ARRH M BB, o o
kel | hootigh ikplifibod B AL AUBe Ihé HldHIprlIRgiOR InERIGnE b R IET,

extracted J : ' | | ' a Iﬁﬁﬁﬁ regi on,
and al so f%drhd&gﬁaén%? #gafvg{%%mglgﬁeﬁﬂ%drﬂ 35% tit(dk?%ﬁ npiebgg al | Ne Y.

candi dat e j ¢ dbpiitedule lofedebtitly hiridge diae image wisich dunobey
reliable r%%?%ﬁ?l. itoEllgescrilgjglél’h?n Jp-A—~3%16'7%30, t he ﬁ? h~,y reliable
regi on detgstithatedoto reprebénten gidgs dimey fromeiheeridge line eangidﬂbﬂ' imageke ridge
line -10 for each of the plurality of ridge iir~e candidate i mages in
each twin ektrasted dathe extractingipropedure, for @ach of thedlpcal iragionsnethes: e

i mage having the highest degr of Ijkelihopd O the.ridge line in gach
| ocal regithan thet rhlﬂl'kblsé’ﬁﬁﬂﬁie ht@E10n,r & i&ﬁpymyy'iféﬂs PEPB{PFF' ngfunit 13

o ural | ty scRRBRRnE IR SA HYE8 K ﬁﬁéﬁfﬁn@%ﬁw@&%ﬁﬁﬁ%&%h&%ﬁ O
i acent (ieh U nRge Bk sHeqPUTR Yl oA, ERE RpRESIRERTs AdBE 1)

acent 13- Ene Hff 4 Poff deerd _ |
of ridge 1R BB Kbcedul e e e e oo o

detected hydgddimdimagatin the hipldyorabiable region and the ridge line images
which were discriminated by the discriminating procedure to be valid as

the image representing the ridge line.

The above and other objects, features and advantages of the present
invention will be apparent from the following description of preferred
embodiments of the invention with reference to the accompanying
drawings.

Brief description of the drawings

Fig. 1 is a block diagram of a first embodiment of the
fingerprint/palmprint 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 selecton of a ridge line candidate

image shown in Fig. 2;



detecting unit 14, aridge |i,~ne candidate selection unit x 5 eval uates
continuity, and selects a ridge |line rage which can be estimated to
represent the zidge line) fraz~x ridge |ine candidate inages. A valid
region determning unit 17 determ nes whether or not the ridge |Ixn,e
candi date i mage selected by the ridge Iine candidate selection unit 1~ is
adopted as an inmage representing the ridge line. ~A n inmage gene~rati, an
unit 1C generates a whole gage of a fingerprintlpxlnprint. Incidentally,
the system shown is Fig. 1 executes a data processing by tenporarily

o8 S BB e B g L Y
PO e B A i BB SR EL 0 1
eads a1 naer B 05 BB e JolBon R SHRE I ARSI "

extractio e | ."fhe local i~formatxQn extraction unit |2
di vi des tﬁg{éggclgl f\;lg OIBIiL)SI“ﬁm image iota _11  two-di nmensional |ocal

regions (S202) g .neliﬂ&s&mmrseguea@@ ofVeRlkaTii Df artidpeditie caulidate

plurality of ridge |1ne candidate irn,ages each of which expresses a ridge

l'ine exi Sﬁhﬁheidbm’eﬁﬁohabﬁhgemmnt ifhage;j dge |ine candi date intages
thus extracted is supplied to the highly reliable region deternining unit
1.3, the ridgeFign® ilustratesithessequence of gelection of werndge line egpdidate

det i n~in. it 1T the | ) tj it. .l d .Here, it i
assuned. t in the FEIGespHRYPALRPORt MGEFHAdBe SupRORBeRL SAWAIN IS | nput uni ¢
11 is 20 pixel g . d the L I [ j. S ig. th
ength of eachFiBa8 SHupkateioat srampin o sty e BHch ol Lor's
to 32 pi ls. | t h f { i i | g ndindat e, -
i scl osed PrPaAion el s, e e AtebBn Sl SEPRRRIDERGPIAE, | o
power Spe%{é#é'qﬂrﬂ 1 ‘?:Ha’ﬂ eg€ ~ of the local region are selected xn the

m arBe t po

order fro I’ spectrum point, and a twodi naensi onal sinE
wave coi xespongigg g qst hefloak aghae {tbusorating pni operstior| eftedsexomna ri dge
line candidate ima, ~e i x~ each |local region. For exanple, six ridge lute
candi dat e emipiisnente of xthea fingerprint/palmpsintl 1Mage oPrOCESSHIE FYBEBNML or
chara, cterizxng the sine wave cc~rrespancling to the relative maxinmurn
point is @&F ovithithe pressmdBVeRtddn; t he respective rel at xwe ma~timum

32222@ b2'87a¥h: Figs E'ﬁi ot oSk RO %%?;’%B&Yﬂ%“;,:o?h??q e
T} (ooxcungagpdpafioblh} IpBER prolet g byRtiry i oy J6c o7 | OCF [ PO O

i nformation e-pXagiiy g ABY chArCAMGIIALEE dd'opRERMiohUSEhé Iprtopkese, the

direction) the equency) arid the power i.n proximty of thé peak. - 12
¢xample shown in Fig .10;

Fig. 12 illustrates a processing of selection 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 ernbodiment of the fingerprint/palmprint image processing system in



' The a>o~plitude, the phase, the direction, the frequency, and the power in
proximty of the peak cats be obtained in the follow ng equations (lit (~)~

C)~ O ~d (~)~ respectively. a~:. ,il"'" Z~~~~ d ' ~ri !. al ) ~ 2~
,)~~6,,1~mF(~<<,~t~,o.e~)~n~p~|!,.|)c~at1~
r""t) ~ef~t~"~ 3~ ,gar, sy~ . .i ~lc. Jl =~ 1 ~ ~=1~~ .. fi ... |
""na. ~! ,ilB4va~ m=—..~~ZIFi~ ~)~64~( ~~~?) ~~1 ~ ~]j

Jf ~ ~n r ~y ) 0~ Spr~ximti~s! ... In addition, the full pawear of "f s
qtr ~~ = ~ ,'IF(~~~r ) Ix ... (g) 64 ~~-32 ~~32is also

cal cul at o Bilah PR B pFUREY i ARG 113 AGAGHS CRRFNRRRAE 15 | OV

those shown in Fig. 10 are given the same reference numbers.

In Fig. 1, the reference number 11 designates an image input unit
which can be constituted of a scanner or a live scanner for reading a
fingerprint/palmprint as an image, to output a fingerprint/palmprint
image. The reference number 12 indicates a local information extraction
unit receiving the fingerprint/palmprint image from the image input part
11 for dividing the received original fingerprint/palmprint image into
two-dimensional local regions, and for extracting from each local region
a plurality of ridge line candidate images each of which expresses a ridge
line existing in the respective local region.

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
plﬁrality 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 comresponding 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

-10 -~



~C~) .1) (x~Y) =anC, .i) cos [ ~~c f'a C~, jJ (x cos (dn (i, j) ) +y
sfn(dnda, ,1) ) ~ -phn (i, j) ~ .. This -1~ becAnes a canditdate
represe~thag the ridge line in each local region. The lacal information
extraction unit 12 cal cul ates these paranteters ft~r each of all the | ocal
regi ons: ~a~~~ ~~ ~ph®* ~. ~r ~dn~. ~~~ f~f. ~~ va~~. ~y~~"~~~Cc~, ~~ ... (0~
; 00deeo As described i~a JP~-A-09-167239, the highly reliable region
detextninxng unit x 3 determnes a ridge |ine candidate having a high
l'i,kelil~aod of a ridge |.xne (hi.ghly reliable candidate) and a | ocal
region including the highly reliable candidate (highly reliable xegiori)
(S204) . Thiar eaclyeof the plaralityaof ridgs lie eandidatd imageshén reaphl ywoel i abl e
region; xn.cluding the ridge |line caxadidate thus deterr~'tned axe supplied

tt~ the adfieensionallasal gegion, apdestlects amdge iime condidateyimage bavimmdi dat e
sel ection unit, 15 d the j eperation . unit x6. In the highly reliable
r egi onI det'i#elnh-‘lgi' ’EQPHWB qgﬂﬁgﬁbgeag}f If‘d’ﬂdgq! Iﬂ(’@ﬁ?(wlbioqﬂﬂégglmgelm Ine of
all the ri |i pecapdi.dat e ,i es in h of ,all the.l ocal regiogns is
ev~uat ed, ‘gﬁg"&w’i H&E}glﬁg M&épglq!hﬁ% g\d‘mh33hﬁ el ag e of

| i kel i hoody; s 5] | ' r ch | | .y eqi,on.,.as hi ghl
el abl e, iy SeHOidaE Hnadd Vg tad TuiEdst Amaifde, bR hEBIRRY 0B ) Phed
n Il A . : . . L

Lo di nenatagg it coRBiAAE Sma fud te Vo TIo0al (REG) AB baeeREbEIAH 0.
region, exgroapt it W%fe@ 4 ~nal

Si gla waves harpi%ﬁ%gmun%qgg{fﬁgaggc%ﬂﬁ%ﬁ@g taﬁt 0 é%\}r)aﬁégggf%dr mat i on
pl ane, , i thehhighlyereltable regiomrditetmined Wy tmée%hlgheemamegeé icgnergy in
the vicinity Of peak, and detects a ridge |line candi d2~te i mage having a
u~a~i mum dekpminiag mitk3 orre group of egionsfodiwhich theesglectidn of chige

tvsro-di ngnsiona). .l ,acal, region., as a highly reliable ear~didate |1 mage. _
~p§-';uetwa‘idﬁ¥t& bqeé'g‘FQlﬁPkﬁf@ﬂl-p detecting r~nit 14 selects alt

(o9t ons 20 2o Bhel el BN dodiSh A BB SR e ST e ' ob
ol osel y sqeySeting WOFCl4, BOHOUS, Bnelaahdfhan MAGIORIFHTTY SRiARA LY,
regi, on. s coRtigRRBA A eledte A HdLE 1Y iftdp? Whithiatsh B asGHategdoons are
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
in 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 local information extraction unit 12 (§201). The local
information extraction unit 12 divides the received original image into
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detected, is discrimnated (S206). For exanple, in the e~carnple sho~cwn
in Fig. 3, since a plurality of adjacent regions exist, the pracessxtxg
goes into a step S207. At this case, the adjacexrt region group detecti~, g
uru' tt 14 supplies the adjacent region i~rtformatioa to the ridge Ixr~e
candi date selection unit 15. In the step S207, as described in
Jh-A-09-16723Q the ridge |line candidate sel,e@ion unit x ~ evaluates the
continuity in each adj acent region, and selects a ridge |line candidate
i mage having a good continuity fromthe ridge |line candidate inages, and
t hen, supplies, xhe nunber, o:f the sel ect candi date to, the valid region
det er i ni n§vardiinensiogal log irﬁsgéﬂbe(w; &Jﬁwﬂf@s from @3¢k HWOal | the

990 e SRR SR L TRSEE 0 Rk ot idie B b SRR RS 7,
. 290 St Sl AN 05, SRMACIE 2Rt BT e e ool
processinasigt (koGBS AR (i Brrichba Bobypbiedsd e BN o2t o 1

this proc ' rminig i L (i : ;
concentrat oir?% r%#?dpggtxgr spe?t%%q(?f’ Q?ﬁ?qggcg#e icﬂggﬁt?g %teﬁgﬁppd‘ggtl I ne
1~ ca~15 hedvdlfd ragiﬁﬁ,déteﬁnhﬂ_ﬁgrmﬂge?lmmﬁﬁ @ ehdrationdasit 6ne
candi date i nage, which are exenplified by the direction dn~i ~I, the pitch
fa~ly ~), and tHermHade asbumed, that théaeselationhef thel imape muppdied fiome | mage
to be evaluated and the highly reliable ridge |ine candidate of the
peri pher al thei ighage inputaeni$ Tlets 24 gixelséwsanind the lornl gegion)ihrSEWEES ng,

candi date jnmg | uat ed, and the rid, gc |ine

ggtn\éviegg_tteh@e[h&qmsilgggﬁagt 0§ 1ag r%ﬁg : ﬂ‘bere]ﬂeﬁ@ﬁegwﬂ hﬁ?‘éﬂeﬁr@ld ecéi on
et her aromist EhBPRES 5 34 BEAIS! o 3be i &L PEUofing RENHER dfhe v
candi date . ndidate, 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 Iij
(0163, 05j<63) is expressed as (Eg™ 1), np ), 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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selection unit | ~ is adopted, is determ xied on the basis of the result of
the eval uatian_ Far exattxple, when the conkinuity of the direction is
used, if the direction of the ridge line of the ridge Line candi date inmage
selected in the local region to be evaluated, is d (USdS~t), and if the
direction representing the direction of the ridge dine in the adjacent

| ocal region (the direction of a stun of the directional vector) is d,~
(DSd~, S~c), when the following J(d, dn) is snaller than a certain
threshold) it is determned to adopt the ridge |ine candidate i, xnage.

Y1015 S mplcar o .o i 1 SRR, g o) -~
~2 \Wen the d trati t J ~ he i I
Tage | pewier inpreximiySibecAkcu baahiaiey 2 BBaoNink Skt
t t j.d | i t di ' b total of th
pect rum Ghr@5 Gy P poAdsioeBeB PO mhoe i< omaller than a _ I-
g/t = 2d [F(ES S, 20 9)1® § =126 = (1)
In FLEL D 09

ph 1 ¥ =tan"[ ] 1=1,2,6 « (2)

Re {F(£ 9, ot}

nnll-“
CL\“' ) =tan"[ ] i=1,2,=,6 -« (3)
E':I..g')
1 .
g9 =] (8N H (00N d=L2 S o (4)
64
4 e 4+
valh o1 = = 2F(E, )]
64° (&, n) €{(E 9, 0}t ) D8proximities}
- (6)

In addition, the full power of "f"

iz? o 91 31
e 3 55 IR(E, n)lE e (8)
642 § =-32 N =-32

vt('-. J) =

is also calculated. The image determined from these parameters becomes

as follows:
€n (s 3 (x, v) =an(i' P cos[ 2 = £y G, 3 (x cos(d, & J))

+y sin(dn(i’j)))-phn(i’j)] . (7))

This
{gn“' 4 (xly)}sgl e (8)
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certain thresh~ald, is is determned to adapt the ridge |ine candidate

i mge. Nevertheless) the ridge |line candidate imge is not adopted. 'i~fhen
the t7ldge line pitch of ttxe ridge line candidate inage is used, if the
ridge line pittch is within a range which can be considered to be a ridge
line, it is determned to adopt the ridge |ine candi date imge.
Neverthel ess, the ridge |ine candidate hnage is not adapted. 'This

di scrim nation process can be executed by using the above nentioned
characteristics amount singly or in conbination. In the exanple shown in
Fig. 3, the processing sfarts f~roxx~ the |ocal region "B". 'The solid |Iine

" B " -
i ndi cat es théEONyEA candidate representing the gidge line jn @achdocakragiope Thae
candi date, ,and t dotted line,indicatgs the |ocgl ~regivns which should
not be adoﬂ?@% ofatipnagxiractien é’é‘hﬁageﬁé@‘iﬁ@& &@EMGW?‘?TQ rd@i‘g'f nu~ed
that a rerrarfkc?jfhé ﬁi siont.i nuous | ocal infa~xn,ation as in a region such as

$ core ox & ﬁﬁglgnﬁi gh curvature should not be adapted, so that a
poxtian wh !di .s'cont i, ngi tdy,exi sts is not selected, at gnt®®¥and the

sel ection r[?ﬁ;é‘s'éiyl’p@,fé'o s &1 Vol i i gea b Lkdht i wtibud? ocal r g Pns
Thereafter)| the processing goes into the step SOS) and {the processing is
caz~ried out far tending out all the adjacent regions ad'\*?4&8nt to the

coml et od. 1 ¢S AESGEfHsE, B Tp-A00PIETERS. 1he BRERE) LEIRRIRCKEION ocq

! f X=Np] : ce Holhdid oea
oxghly el CEing Nait o1 PASeRMAC, o HlgR Hie CARMdate WRER 2 igR0 T
regi ons e~tikglihood of %Cﬂﬂgbﬂﬁ@ghg%helyhﬁlm cad@idarey anidea 1oeal réfioall the

a
adj acent regions detected’in th p S207, the ridge Jix~e image Is

sel ected f imcludingh¢heihighly ireliablndandidate rthighly teliabletwmgio@P$S204Rt her or

not the result of selection is adopted, is detexm .ned. In this case, since
the -17  dbraddge lingicendidate thusddeienpined andrthoshighly ireliableeragionoundi ng
t he highly,reliabl

i e B i
| uat ed, i.ny; |t th ' ti h,t di tiort,

he pi o' AMCeRERdiR erbe Reshctine Sifh ¥ ek i Hodaiad SeFbon.

“rage 1 or URcH GG OfF LR SARIANGE Mt RO 1B thb SRR nBUERE rdploA”c"

eval uat ed-dét%rﬁlig{#‘%lhhit' 13etiy egise 6f likefiioddEyPid fRIgecHnerof &l thas shown

xn Fxg. 3, sath or each adjacCent regi on, whether ar not the ridge |ine
i mge shoutidgbdinelocphdifiate durhgesrini ewch ofialkthedtoda) repiomols éviluatedyri d t he
dotted line. In the follow ng, the processing of the steps 205 to S-O8 is
repeat ed, and a ¥idge line gandidate imege having the highestodeguest of likebhaedno

age on 19F Eh6 FI4RS He, Fo SAIRGERH 1TPR EaSHn NG TEELE it SuBigIyHEliatIge |1 no
candi dat e ?ﬁﬁﬁﬁéﬁﬁﬁﬁﬁt | ~, the ridge |ine candidate which is

di scrim na ghly reliable region deterrn~ining unit 13 to have a
hi gh |i kel i hoodyr tg thind kN i L ALAHC inon

obt ai ned from Et Heﬁ%?_gﬁé]’i %‘?garlggﬁ on %iliﬂrag'c% g%ﬁc;.f;ﬂg\ﬁ kx?g?l(ézgg;)fdﬁ@o(? _

i nci dent al e, 16d¥ {rfokAmUgH SXMBUGIPUMEATY PorAfmide tv0dithbRgidaaRoe i n
the step 52~~ nmay be used as a region tc~ be selected. Fig. 4 illustrates

t he sequeriCeumér tisasfuimation foofachawo-dignensiomal docildesgionmegiratts 4 hi s

case. '~ he solid |line_ indicates the |ocal._ regions which should be adapted
as tb, e rirlysalityhef peals careesponding dodtvoslimensionaldsinat waves daving|

Conpar: sorlEEIABEPEEKS, o 2ha 1esyiiant FHuiA AHBBfoBnaton, BLAG. 8 18t ons | s
smal ler t 'B}ae% Qfoﬁufﬁ%efar(égslt Qﬁlsp‘iitﬁﬁgvg} {hré fairgest:)’éné/l\?gtyhiﬁ rt]l'u;f vicinity of
peak, and detects a ridge line candidate image having a maximum
amplitude from the ridge line candidate images of each two-dimensional
local region, as a highly reliable candidate image. '
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-1% arrangenment, the region whic$ was not adapted in the step 524 is

sel ected, and a ridge line can be obtaiaed for a | arger num ber of regions.
There, in the prior art ridge |ine candidate sel ection shown in JP-A-.
09-D723(1, the ridge line candidates are selected in the order froma |ocal
region close to a highly reliable region, as showm, in Figs. ~ and 6. In
this enbodinent, on the other ha,t~.d, the valid region determning unit 17
determ nes whet her or not the ridge |ine candidate i mage sel ected by the
ridge line ca~adidate selection unit 15 is adapted as a final ridge |ine
imge. As are hown,

zjgt ~|be adopt ! L reg 0&@0@%@3&9&@3&3?&&5&% f?&léi?g ;J lhg

Cii'q: ?ﬁ nas adi Eaérgé?‘aﬁaﬁww selisbib Fégidy, (5205)c oy Siattald nig Ris ) Sf: a.
'acax | nt GvaEienuARs Lot t%@ﬁi@@gﬁ%pﬁaaftlﬁﬁﬁgﬂg&%ﬁéw 9%%‘88‘?%# naly. a
parkion iry Wﬁr}ndf"f ogt 'lBth ¥e§iﬂn%t of 4 Firg l‘%ngﬁo‘i‘%ﬁgﬁ] fifk t he

sel ecti on ‘processin I'n onfPy regions R y continU|ty in the

| aeal inf %mlyomnaﬁﬁamgsm@m By TERADRfedioR! areliBuRoted hanadacant!

H
continues at a“discontiriuity |% t"he who e t e image, all tHhe regions

can be selgigs, bSuaeé@ﬁhg_ I, Whetirerir BoPthie 1 inope adjscent’ ﬂ@gmm route
wi t hout seléecting at the discontinuity (See Fig. 7). rf the Selection in a

di scozt ti nietectedeis discriminated (8206t For ekamplecimtiiclexample showaiir e of
the region as in the prior, art ~rneth.od, a candi date having a | arge
di f f er enc&Fign3asinecan plumabity @fadumenmggmm exdstodhe proegssing goeeinice, if a

Subj oot ed & SR SAor A3 8 abheiie ALRBE TAEIY SAOUD HREFERE AL 14 n a
éﬁ%hﬁ?nﬁﬂﬁhﬁpﬁ? ahvg @?fé%&%ef%swﬁt Hﬁfﬁiﬁ@!ﬁ#ﬂ t0u S, S4B s HRGORE. g

t he ordersﬁi B, it is possible to properly select the ridge |ine
fromali e regions an tire basis of the standard of selecting a candidate
having a srn-afh Hefdtep %W'ﬂsﬂek Bed | ﬂfJPJRIOW.IGﬁBO itl‘i@rmgé)!lnﬂﬁ,
since the selection is forcefu ly a vanced even in a local reglfon having a

smal | degicandidateoselectivhyunit 15 devaluates den dotdimmityingeach tadjbegmtbl e tn
the verriztkle was often erroneously sel ected, However, this situation can

be avoi dedegion;, Iaind miwdiamidgﬂ line candmdatanmagaﬂmmmgo IcsmﬁmlitUge liac
candi dat e _i nxa g a sg§¥ i ff erenc i n dire to the ge l'ine
candi dat e fTom Ei &eh Bljcé@ ate S8R Fhein,u SPEB n‘? al i d,

3?%2??22?5%&%29?#1{%23 55 ofe LML %%?@*@iiﬂét‘i‘lﬂsriﬁ'ﬁ% g °"o° 1"

ef fective %f aun.oun,t indicative of whether or not t he xi dge
line dire |on I'S a ridge line, it is possible, by using the direction

| nf oxnxat | on, - For pag iofell titeHAge liteoslididamnisages velsbecdlby o Fidgei bi | i Ly

of failing in the ridge line candidate i nage seléection. Furthernore, the

degree of linekeandidate clelé¢dtéon ivige 15, rlheofzahdemgebncdadmmng niniee 17andi dat e
image is evaluated b discrininating whet her or nut the itch is wthin the

xange whedetérmings w edxeraosnatut dgadopted asra tinal inetqangidatet her or
not the p pec oncent r at one aint so that only fhe xxdge
line candfﬁé@ﬂ%@g itﬁﬁ e t(!@df‘ﬁé‘%‘icqqt 197 SEowR defecting ﬁ-ﬁ# a

predeterm,ned. level are regarded as being valid. Wth this arrangenent,
even if t 'wwinkle having a car~tinuity in ttxe ridge Iine d~urection was

er xaneously se i i i a high
curvat ure oaf e " géé&[fﬁ:néﬂcteFﬁﬂg td%eﬁ]ﬂﬂﬁg ﬁaggggggﬁise ghﬂﬂgegxee of
I'i kel i hoogl i ke ere the
| kel 1 hoo fdgeI higs Cdn%gaan {}cadéptedtin thé\'%a:ﬁayiregtibﬁ dEtefpitinguihi¢ 1
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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detected, On the other hand, if tlae selection resulted in success at the
di scoxitxnuity, since it is not necessary to perfarna the selection |ater)
the efficiency of the processing can be el evated. Now) a second enbodi nent
of the present invention will be explained. The system of the second

enbodi nent has th,e sane construction as that showmn in |~ig. x, bt~t the
processing naethad is different Examthat shown in Fig. 2, Fig, ~ins a
flow chart illustrating an operation of the second enbodi ment of the

fitlgerprint/palnpritzt inmage processing systemin accordance wth the

Do oSt g, ind s 5055 e SEeh b8 5 AR RRRRIPRLLY
candi dat o e Y dreceripiBe0 ) AR AReast BT Dol dou RODARE
Ceroots. anbeEABR L heter AR the'AHRIP TR e et |
Mmoot it HEEY PrlibIR BB Jifl Gandiay, o pRcfineRal HghuEt ol €
cox~r espandyihgld ?@%@ g@eﬁgmw%ug&eaihgrﬁwcess ebBeween thelridpe or

nor e adj acent reqgi e detected) is discrim natlgg (S807). Theree~fter,
simlarly Jige chadidate ingigeost berdvalbatedeasd thé thige line cmiididatenof the gi or LS,

the ridge litre candidate selection unit 1~ selects a ridge Iine imge from
the ridge peripherahdiighlye réliatdesregian fpr whichnthebseleotionrprocessingdaias
candidate i s supplied to the_adjacent region group,detectjng unit 14, the
valid regialreadyt gemmmglewd @t that time)a sre wygiuajedc pad E&Mtormot Tt~ the
valid region determ xaxn. g, unit, 17, t

he selected candidate inma i
eval uat ed thy Hdge-ling randidats: image:selacted S'C—%@Pirﬁgg?\ialénﬁa‘%"é&ﬁdﬁﬁd Fax
each of all . the sel d rihdge . ing candi d j s ' =21 not
"t shoul a Ssteckipn el Lt agoma 1S eERER bR PARD ol HE B e
(SSQ9), arb& %@esult of the discxim,natian is notified to the adj~tcex~t
region gro 81 etecting unit 14. Specifically, simlarly to the $rst
enbodi ment, t hFo‘f?éiﬁngPa' Wheflote’ GoiMingity vl tHe diredtiont Ro ubdd, 1o
i.nfarmatian continuity, the degree of concentration of the power spectrum
of the | oclitectivagef tie tidgerlintpef the eidgeric eamdidategimagn delebted imithe | i ne
pitch of the ridge |ane candidate image, which are exenpl ~ed by the
di rect i onlocak region, tenbiet pvaltded, lﬂedwégﬁdﬂﬁe andigd thecdigctiondat e

i mage to be evaluated and the highly reliaple, ridge J.i ne candjdate of the
peri pher all'eﬁlfﬁﬁ@lliﬂnﬁem%gl@c!@@@i@ ,d,le %Iilr@rmﬁ @dﬂ)‘#’qqliéoﬁ FE8O t he

ot octed (K AESERATAY null B aREcRorl Yotion At (1herln SR fhe TUOC

for deter %Ilbgsgnggf@ggﬂnggﬁ diRalldr tah 2¢epladsl thieshuE At 48 deterniimeddioacent

regi on detect | acent region group detecting unit 14 becones
zero, and aidoptt tHee ligs ardidats dnoaed | Nevbethebeks; ahe midges liardar d.
p' or exanple) only adjacent |ocal regions having a direction diffe, ~nce of
not great eantdidute amagetismot aljoptedol d acre adapted) and when tl ~e adj acent
| ocal regions becones zero, the adjacent |ocal regions are adapted

regardl ess of the d%rection difference, In on, the | ocal

t xansf o~at r=e A | n, I yty of peas
o L pafl-2600/20. IHBIGd-aupI3ingfaty of p

correspondi ng to di wo-di'mensi onal 'si ne waves, on the resultant
| rauriex transformation plane, in the order fromthe | argest anplitude or
tlxe |argest evéhen the degree of wongentragioaof 1ha RoOWernspechram of the

vodenonsiong <1 aes vaues, e obSREng 8 Wbesbesk oot gt g
eval ual es ool b (A0%bkR%fe Witk TAGE byoy! cedl DR BRENST OV

spectrum of the corresponding local region image is smaller than a

ddi tj
i .nfar mat#a:dggt ragt|2dn—Rdal /22 perf\ﬁhﬁﬁealad'wlénhiﬁgﬁéll anal “Faux7i er
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pra~iamty of the peak, as being valid, and i~f the region considered to be
valid in accordance with this standard becane sera, the z~egi a~ ors adapted
regardl ess of the energy in the vicinity of peak. Thereafter, the
processing returns to the step 580a the processing of the steps S806 to
S809 is repeated. At this time, the evaluation is carriod attt with thte
sane Evaluation standard in ttte step S$OC, so as tv determ ne whether ar
not the ridge line Candidate inmage is adapted as the ridge line image. Iri
the step 5807, if it is discrin~i,nat~ed that aae ox nore adjacent regions
do not exist) xt is changed to SC=SC+1 (S81Q), and thereafter, the value of
"SC' ("1 dertaihithreshold, itds demrmmadwotadqpt%eduiyrlﬂlqmdaia%MEES" (far
exanple, "Z") (S811). In,this example, since,the value of "S~" is not
greater tHNavernheless, thesidgeshine caadpiate amagads not adapteds t he step S806, sa

LQELVL?: ?Ec’fﬁii'iégaﬁésiﬁg. e i epﬁmﬁggﬁﬁé’ cllpecling sRBHAAE st 'Sritsﬁi;?eﬁf‘éﬁ’
Bat ¢ cd | ﬁéf%%rﬁ@éﬁi%bﬁ%ﬁé Bt Be r?@@ﬁ‘)&rn@%‘iﬁsr%?g@l?% ;uﬁder
. ' St Fo 0 . -

adsacent - ngR DG, RLiT ctPfbihed o Qfofh BRE BRY 1ol peida® iabe: "°

processi NG ' : a{%ge ﬁﬁgg i Lion xs carried out
with the %@%Ebé%g{lgﬁc}%dnngggggar SO a etl%hgé?gra*jﬁ ne whet her ar not
the region is ifptdideritiinafion pAsessasanTbet exaatedboy aising theeaboverer

sel ection standard is, far exanple, whether ar riot the direction

di f f er encankationtd gherdoteristicamount singlylor intdombinationt eval uati on
standard is that tire regions are adapted regardl ess of the direction,
di f f er ence. Fuluethemmée shown ta digaBothe praocessiag: stars from et lasal

standard is that only ridge |ine Candidate |nage hawi ng.a XL pum ener gy
peak in tﬁégmfbxﬁﬁt&b@fs‘? lﬁlfg}n%ﬁét%&ﬁ hgqag(;eggmbve. cbegrﬂaqyl';l t

current eval uation standargd is t th [ e P - aga [ | ess of
the ener gﬁoﬁ’%‘?‘h@s\’ﬁ it g_eyﬂBF %@Z&atph&lﬂgﬂgtdg&tew "i?&'. egdtggﬁggé.ﬂt

g o0, PeSRERR Ghfeh shobBLERE RO B TR e 1 MBS |
step S 811ca§e,g ittik detétimtinkd that A redarksbl§l discontinedwriocal inforfitationtdkl 1 t hat
the value o SC" is greater than the value of "5", the inmage generation
unit 16 gdner ségionauchtasl @ corelge al deltn havipg ohighheuteetire shiouldeotibtge 1 ne
candi date selected by the ridge |ine candidate selection unit 15) the ridge

line candiafiptedihseithat ar postion wherg discoptinuity BXuS \is 1t sgleetedeodt i an

deterx~xining unit 13 to have a high |likelihooq re senti.ng. the ridge
line, or tWEe 388 theselecHRB: PLACCSHE 8tF W&ﬂqﬁmghﬁbﬁgphpﬁpl}?ﬁﬁ? n
extraction gnit 1;2 (S812). In this enbodi nent, at each tine the region,
which is C6R¥Mered to be valid by the valid region deternmining unit 17)

becones zero, Hgﬁrgxﬁeﬂatthgn 6@@5%%% ggté%eﬁﬂi{?:gp@rgtgﬁssgoggrHﬂdvgid'd i's

chat xged. In t Irst et nbggl ment, I 0S~ sut xaunded by the

di scont i nyjrbpesdifi@ i§ Papdbd Bdirt for fimding clacall ithe kiacimatgionrgdjacent be no
| onger pe:ijfrg}rgrresgﬁgbut In the second e%bodi_rrent, i X the sg}ectiﬂ%in of the
ridge |inaociedlobal gegiomder ovhuicht theeseldetioneprocessingehath alneady dredrs
sturounded by the discontinuity, the selection a~f the ridge |ine candidate

i mage can coenplétedhc &nl the exemplgiofgFigh d, Shisnproceasingrcorsesponds Jodosal i d

xtecr . eBidineF osesonh iEnIEQs REIERIIE gisyiiones, of the outhid B | x xage

'he ' ad) aciBEl, Hiablc BRiohe SR GehEfr, Of Aok BRe bF imbRE SdiAkFnt 000G, "

whi ch can be; Se! ket PRRMTRiTRED in'the SiBpo6205MaRl foRedchiar olf af - 24
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
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candidate image is unconditionally carried out teamthe |local region for -
whi ch the sel ection has not yet been conpleted and which is adjacent to the
| ocal region fair which the seie~ctian was conpleted. Thus, the ridge |ine
sel ection can be perforned for a portion which has becoxue surrounded by
the discontinuity in the case that the sfiandard is the direction
difference_ Furthe~nnore, the degree of |ikelihood cf the ridge |ine of the
selected ridge lixte candidate imge is evaluated by discrimnating whet her
oXx not the pitch is within the range where it can exist as a xidge |line, or

lﬁéik d} ?‘;22 @@Pblﬁﬁ epbieL i {ia3@6{‘%&@5ﬁ%‘iﬁ%ﬁfﬁi%wsifﬁéﬂﬁﬁéi@;ﬁéeaér d
Chen, i aay SBBAbIE EiGnp ot BIELORAnGMRYNF ieCldca MM R V4! ¢
sel ecti on ﬂfedﬁ&cﬁéﬂ%egg}&%?@ahq?ﬂgmsé B8 $fer o aboVe iy evalubted; #he i ed cut

fromthe local region f sel ection has nt~t yet been conpl eted
and ~uvhi %ﬂﬁuﬁd?asfeﬂfc lotal infomastion suchtheodirebiien, thee pitehesmid the was
conpl eted. Thus) tho ridge line selection can be performed for a portion
whi eb, hasplhesedretween-the ridgkline zandidatel imege t0 el avatuatedrama/the, ridge t hi s
ernbodinet~t, only ridge lire candidate ixna-;, es having a nmaxi rum enexgy
peak in t Hénpreandidate dmagecofdhe, peripheralsadjacent image fior wabich thseu i f
the winltle having a continuity is the ridge Line direction was
erroneousl%ﬂi%@%l’gﬂlﬁisﬁmﬁhﬁ%ﬁgﬂﬁp glatseyaatedge quality and a high
curvature of thg ridge,lijm, the selection is not adopted because = is

' many cases t he&%ﬁe‘fé“#m ‘H&é’fﬁfﬁﬁ%l%t% ?{% e s%goﬁs 6588%11! he

maxi mum p I R C [ty er, S i ¥l can be
det ect ed, % i-ﬁ%@&ﬁﬁ%wﬁg%ﬁ ﬁfaﬁ:ﬁ@f géé{‘ﬁgg'f |‘§%&I§§ u&t §§E itﬁgsla%éggmat t he
di scont i nyj i i t; PRt Xﬂh : ion
Later) t héﬁﬂe ﬁ%?%‘%gyu%?dﬁ%ab}%g@m ngé‘%gﬁsggwgﬁ% at%gghqgiel‘%,ﬁﬁaﬁe | ocal
regi on whigdttetblinee meﬁmcﬁﬂbvbmg;rtha processing of 1he etéps0H205 ftotS20F iglge |ine
candidate image is unconditionally carried out fromthe |ocal region far

whi ch t he repeated, candhdf itds discriminatednpl thee dtep $206 dhat therj 4o to the

| ocal region for whjch the selection was conpleted. Thus, the ridge |line

sel ect i on adiacery Tegiathithe imageqgenerption it WA igemerates Bewbale Bdgedintied by

t he di scontinuit nder .only,the,standard t.hat the en IS . Xi mum peak
| nci dent allmgeaoﬁa&ﬁg?ﬂ% 06?/‘9& dgs ﬁ'%%?f&‘aﬁﬁfesgkﬁfi‘f{’%\bep?aggﬁ{ﬂe P

i nventionj A Uk i NG..L: t hod
For - pr oceSendfatk BRI 1, Bk bRl BB ERIF R b Ruiied IPY

it is a f li 5 18 e 01;@%” ividin
a fi ngerB%ttlﬁg]apﬁéll@?:t%%laiggg%%?Pgégrgumlggiegtieito}gl g‘?:a reg?ol%)ifgtgnd of °
et xact i ndilkelifiood:Fepresefting dhe tidge lim)brdtteclooa dnfomhatibn clairt s
ridge lines, far each of the local regions, a hl8h| y reliable region

det exxni nifrempbedesal informationr extraction anitrd2 K8209Xge 1i ne candi date i mages

t hus extracted ~ d | i,ne candi dat.e i ~xxage braving a high,likolihoad of
a ridge line, d&“Fﬁ&rl the gemion which was dit 4‘1‘(‘2}@& @%@%M‘Hiﬁ@ i mage

havi t he_hi ghs | lkel | h t h id | i i ghl i gbl i on,
a pr ocedurmags i, HiE stak 8205 b 159 2 B oefin Toche Betecled o g 4" "

f @ ri . . s . o Ced b
ho. oxt r abrSAE sheBauchofiof teselifion E 8IS lifle SHRRBEIMARLD", 1L
hi ahl . . C oI S ing. F
elagh )r/i Egyﬁﬁnﬁcﬁbﬂ%ﬁgﬂgm%%@%ﬁetﬂﬂ or qggﬁ)ﬁ‘e’@;élgge I nt(=!\Jein:7:]rlatge()r
ttaus sel adbpted as vise ridigesling chndidate, dmpuesdotteddirie jndiestesithe losdld a
pxocEdure of generating a whale inage on. the basis of the ridge line inmge
in the hi pégipnsavhichl showddinot benadoptedrasdhe ridges linsagadidateni Ab seeme

discrimuatad by the discrimnating_procedure to be valid as the, iunage
r ep~; esenEPAPATHON befyecan Fl&.“ﬁ@d%&ﬂ-i%rfbﬂ rapwber of dotted Hpemegions present

inver~tian, it J.s pessible to precigely extract the_rid lipe,bath is a
regi on hal# nﬁnﬂlﬁﬁ 2&!?5’2‘\1 e13a8?i Qé!fpysﬁﬁa’& A8y F{wt %e-a Hhe thisne and
in aregion including a ridge |line having a |arge curvature. Irlarrrely,
since whether ar not the ridge |ine candidate i mge sel ected by the ridge

| ine candi date selection unit is adopted as a final ridge |line zanage is
determned by the rralid region determning unit, it is possible to prevent
an erroneous selection of a ridge |linggin a region wh9.ch should not be
adapted. Here, a region which has a large curvature, such as a core, a
del t a,
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or a proximty t~f a wal X-l1ike pattern, and which i.s a remarltable

di saantinuous portion in tt~e local information, is a region which should
not be adopted. Accordingly, a portion in which discontinuity e~, nsts, is
not adapted at once, and the selection processing goes in only regions
having a highly continuity in the local. infonu~atiaa. However, since the
regi ons continuously changes aad continues at a discontinuity i~x the whale
of the image, all the regions can be selected by selecting the continuous
portions as a bypassing route without selecting at the discontinuity. 1~
the selection in a discontimuousbéﬁgxo~n was aarried oyt w t hqut

consi der i rJTARgEIMSNG, e region; W Was 09t adepted s st NP3 is
candi dat e ' a r di,f ferenge ihn .a l,ocal jnfornmati,on ust be
celectad. WA And 3 8ef Hue GRS artaed R o latker Binbes dlabdlonk e : <
sed, the candi e [ | S.e peGt : , DL yesse, i n ot her
l|;o~r raans, par Itl-?cu éﬁﬁi}gﬁ&gﬁtwﬁh@ﬁe‘f@fﬁﬁﬁ‘ﬁﬁ%@@éﬁhﬁ’ jlEliﬁxlaver) as
0 th : : : ti : A : i ded
by changi o eB12a0g e APse lind GlndiBnfs' it teblorbtin the Ui Bbh 6 Jopal, |12
-, 2'7 ' ' f lrati HEAS ; q§§§ f qﬂﬂ?rd of
sei ecting rggggﬁg}dggftg %gﬁlgg rghg?b%%lgﬁ ?%‘?lé(?]\?g 1|Bn I kgcagd]lshggr mation. Zu
the prior eabodiahent; direthecoteri hand,s e vedid rédivnadearatiaisy amit 172 | acal
xegi an having a snal|l degree of ~c~ntinuity) a ridge |ine candidate inage
attri br ~t algterminesbwhether o0 rotnthe ridgedine candidate ymagselented Bynwtheer, this

situation cats _be avoided in_this ~vent3c~n. The invent=an_has thus been
shown and r@%h%&amttfﬂtme&@ma ygit b iggdapted as gofinakhsid ver,

. . SPEAPLES Hege

lgtet ZPFSLS%‘“ 7} A8 dalbais SPERALI FIEE S RO fetieliiiot Whiatl shovlshe rmy
: Lt i . . Al - 4 ' 1. A

finger pri Ao oRtal S RERE 8 AL e PR B FhskBreianifpd of o Bdel”

readi ng aq?éﬁﬁﬂﬁgkg dpal xnprint inmage) an extracting ,~a,ear~s for

di vidi ng the |ngerp$$$&lpalnprirrt I mage into a plurality of |ocal regions

and for extraclhnhig a:dsa¥ gk iisy cohsidede@ thiabea GRpdos dvhidHEpas a"‘ﬁx“%@

represents ridge lines, tor each of the local regions) a highly reliable
regi on deturvimig,gsuinas & corajet deltapiong proximity cofr & dyall Hilee patierh,dat e

| mages thus .exjracied, a rjdqe |l.ine caadi date,inmge having a high
lilceli hoaedowflbp 4%56@5@%%@8@@%@@% uh&h%ﬁ?q?é InFETRAteD | i ne
candi dat e, : e ' I kel i hopd ,of the tidge |line) as.a,hig~y
ol abi e FeATEEioHiich sBulL ARk bp AHobhRF ATcotaiBel et BopioR te Fhihn bo
esti mat ed ' B [l ' f ' ' i | mages
extract ed%@@m%ﬁ’ilhggﬁe%%@egairto‘g%‘%:ﬂeﬂgf’d ﬁ%:s lgggf)ﬁra}élé)l Sgssqhgt her

t han the phagli [ ViR a hicl hAtiRA{t, ﬂ?ﬁmﬁ ‘
discrirniEg??}%5?ﬂ?§?ggggﬁﬁ§?%g%a?PEEBFﬁgggﬂFHXEQSe ectgg?ﬁ&%et‘g¥Lor not
the ridgeThuse simege théuregiohectendtinaoaklycthamress avd domipudemesaenting a
ridge line) and neans far generating a whale ixt~e.ge on the basis of the
ri dge |i ndisceptingityiin theewhplgof the imapecall dhe segionsannbe selegted byie i mage
whi ch di i nated b id di i i nat | t to he effecti

e e Sc1ah5 e KRy EonaLs Zadoph a6 2 By Passing role WiBobf selecing % | ° °°

the discontinuity (See Fig. 7).

5

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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2. A ~nge~rprintlpal npxint iruage processing system clainmed md aim x,
wherein said discrimna~,ng neans disorinunates, as being valid, the ridge
| i ne candi date i mage having a difference between the ridge Iine direction
of a ridge line ixns,ge to be evaluated and the ridge line direction of a
peri pheral ridge line i~rnage, said difference being not greater than a.
thresha~l d. -29 3. Afingerprintlpalmprint ~rnage processing system
claina.ed in Caim1l, wherein said discrimnating neans eval uates the

i kel i hood of a ridge |line of the ridge |line candidate i mage on the basis

of a ridge |ine,pitch or deyl ation t r tg. ey 3

di scrinr. i%f’éstpeagﬁ%g%rﬁgm%d{mﬁqmt Iliéﬁ‘f"’i g‘g&gﬁﬁﬁeafziﬁﬁﬁg‘gﬁnﬁﬂﬂw thvi ng
the Iikeli frd : ] a r t Is A
finger p~ar%§ﬁﬁgrw r&%ﬁ'ﬂéﬁiﬁgg‘gfépé%%egéf tﬁgfésbys ngrri? Ci?l gﬁ%gféj #) ?@Pﬁt@r
wherein sai | @l ] ' t ' tpdietBrdl of or
determ ni ngy%ava%i %H?ggli%éqngra({mee‘%f;r@?ﬁ%@ﬁe&%@gﬁaﬁ%?ggh?g be srgl %:‘{:t ed in
a validr %@lﬁﬁng B Candiddte thving ecadbll differeneein adooal ivformation, In
fingerp~rint/paltTnprint inmage processing system clainmed in Caim4,

t wher ei n ghiedprios art, éine¢ ithg sedectionliis doicefullyeadvancadeeven\inl adocal e ri dge
lit~, e candi,d~te image having a difference between the ridge |ine

di rect i on region havipg Rismall degree of wontinuity ta tidgedline candirdate limage
direction of _a [ [

eriplxeral ridge line imge, said difference being, not
greater t fesiibutabletntheywrinkle wag ﬁgfeﬂcfd'égn‘i’@siléﬁe & Wevel a valid
region dis¢rxmnati,frt cessin bgcones zero, said discrimittating
~, eat ~s diséwpﬁlﬂni%b%g,gqﬁeaﬁgi% %QPP&',I’%FHQ ridge |ine candi date inage,
regardl ess of | ffer 1ir ' ' j ' [ T oAy
fingerptintl pamg?gi!lr_ i&%gg%‘ p%%@@gy%g?%%éspgﬁ]@aéﬁgdggn}ag? %Q’altlll%%_,
wherei . A Siidl] HigferbAbo3nl AiredAANE ta! Hake ikl andidglc heageoin an i dge

line of the ridge |ine caadi date image on ~e basis of a ridge |line pitch
or a devi adjmeneiotdl is seertiedmas being dialid, iandrwhetherasr et itgs wal i d,
the -30 xidge ~e candidate i mage having the |ikelihood of ridge |ine not

| ess t handisqonsiiatity a$ evaluased (fromnthei differencodnl direfiom tSinpe iscthect ed in
a valid region _discrinjnating, processing, becones_zerp, said discrjimnating
means di s&i%gﬂ dtne candidate; sglection it hecomean Pﬁé’:&’éﬁ'd' iepsls

regardl ess_of the l.ikelib~00 f rfidge,lhes..H ~Nn Fint] pal.gri nt

| ~t nage p?’g&‘&ti g@@Y@rﬂfogﬁlﬁ qOF ﬂ‘%l %erﬁlggevﬁlé? éﬂ‘ﬁ%ﬁ?’b ]‘lé%[ I on,
nmeans per --'dﬂqﬂs' b O gL S 'ﬁﬂﬁiéﬁ ty Hefedtocal
regi on, e;@rlégg't f;s g&%qlﬂlr al tgg{@ t&a%b%?égspon |%ﬁt%0@;e%?%e}2nt o

t wo- di mengh@ndilscontipuley aehich Haie pobesibiligntof-gailimy i ahief ddpeatinen pl eas,
in the ordex frt~mthe |l argest axaplitu~de or the largest energy in the
vicinity oangdidste imagecsaleekion. tFurthemmore; the alegresiofelikelirood of the

cc~rrespoz~di n? to the peaks as ridge line ﬁ_andi date imges, and said

di scri m ndgeglingant theaselgcted nidge linggeandidate dmage a5 evaluated BYving a
The 1ogl ofimiug whether G2l th Bitcth i FAER U pies Wit dt beBceas
Prmgee aceRistel 3uFdY AL, BY ORRERRMAIE sFhothes Of BRE, el politl ] 8 o
Peading: o DesRE T cdiiceh Rty B bifo pomit!do RAC Oy MENIARS Hheodidigatl . o

the fingejrpages haviny the degregcof likelilodl notldss thad almedeteradned $eveld of

extracting a plurality of ridge tine candidate inmages which represents
ri dge |inass régardedcas beinghwalidc aWitke ghisnarrangérngnt,yeven ifathee wrinklen
determ ning step of determning, frr~mthe ridge |Iin~e candi date iynages
thr~s exthaeingia continuity in the pdgailing dirpetior Was erguaouslygelagtrdinhaod of
R 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
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ridge line, and a |ocal zegian including the ridge X~e candi date inage
havi ng the high likelihood of the ridge line, as a highly reliable region,
a step of selecting a ridge |line xxnage which can be estimated. to
represent a ridge line) fromtire ridge |line candidate irn, ages extracted
~by the extrac~g step, far each of the |local regions other than the highly
reliable region, a discrimnating step of discriuuinating, fnr each ridge
hne i mage thus sel ected, whether or not the zidge line imge thus sel ected
is valid as an i mage representlng a ridge Ilne) and a step of generating a

wk~ol h f I hi ghl i abl
Fegi on andkaodi A it Sther Bandnlf e SplECHOBCHRS tEaIIBSs ' qssI "fhe 2 ©
o *A br oo setsiuEy,csinge i i‘%h‘é&%@p&‘@rﬁ?&z&r@mﬁn&ﬁem b Fath 81 g o
9, A prog .

fi ~ I fol I d of

ext raot | ngTRCISGY .t ths 15POSesifl 8ot 1 lEfbletl O 1oges Iﬁ?tﬁ”?ei)‘?esé’m s
idge |ines, Ajweapliagboll ShUAMedCHrOy RebAl iHvERbA LY 81 O

determ ni ng procedUre 0 etermning, from I ne can te i mages

t hus extres‘cgfﬁnea ri sm% g belﬁaﬂf"ﬁfé%ebbhﬂa@mWIﬂSnﬂ HusOlthé i baki hoad of

aridge lin and a | ocal reglon including the ridge |line candi date i nmage

havi ung t genbirabtionv bsetlidiosisowh in riig.i Hobukithe, pescessimghinethied ijzbl e

region, a procedure of selecting a ridge |line inage which carp be estinmated
to represdifferentifiom thateshowmin tig. 2i dig. 19 isca fowti chaare illustipting anr act ed

by the extracting procedure, far each of the Iacal reg~iorts other than the

Pl ghly Leppegﬂtmn I@@m S@Qﬂckﬁmwmrﬁg ec h Pﬂ]dﬂB@PLil&ﬂEﬁa]tl ng,
i ?nragg:f nuBTaGSElnE 8 Stet i peraidance Milth i Pfsﬁﬁﬁ%ﬁiﬂq%ﬁﬁtﬁ Bl 9.1 212; -
 mage xz-8 %Pé%?@%ﬂ sPerbng Bty Hleby §200 3655 204 sBwaom Fig 4 s

di scrirni he ~di sczi xninating praeedr~re to be valid as tt~e i nmage
representin tHe iI'dge |ine. 3~ . Ah. A3. Au. Au. AUE. A. A" 2. Au. A A

s2.A A Ay AL As idsl ieliahté chnA@iaté ahd2 Ayghly/eliabR Acpios!inéfading
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not it should be adopted as a final ridge line candidate is discriminated
(5809), and the result of the discrimination is notified to the adjacent
region group detecting umit 14. Specifically, similarly to the first
embodiment, the valid region determining unit 17 evaluates the local
information continuity, the degree of concentration of the power
spectrum of the local image to the ridge line candidate image, and the
ridge line pitch of the ridge line candidate image, which are exemplified
by the direction, the pitch, and the phase, between the ridge line candidate
image to be evaluated and the highly reliable ridge line candidate of the
peripheral highly reliable region, and determines on the basis of the result
of the evaluation, whether 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
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. In this case, the valid region determining unit 17 evaluates only
the ridge line candidate images having a maximum energy peak in the
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~— proximity of the peak, as being valid, and if the region considered to be

valid in accordance with this standard become zero, the regions are

adopted regardless of the energy in the vicinity of peak.

Thereafter, the processing returns to the step S806, the processing
of the steps S806 to S809 is repeated. At this time, the evaluation is
carried out with the same evaluation standard in the step 8806, so as to
determine whether or not the ridge line candidate image is adopted as the
ridge line image. In the step S807, if it is discriminated that one or more
adjacent regions do not exist, it is changed to SC=SC+1 (8810), and
thereafter, the value of "SC" ("1" in this case) is compared with a
predetermined value of "S" (for example, "2") (S811). In this example,
since the value of "SC" is not greater than the value of "S", the processing
returns to the step S806, so that the processing of the steps S806 to $809
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 (S§C=1)th eveluation 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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maximum energy peak in the proximity of the peak, are considered as
being valid, the current evaluation standard is that the regions are adopted
regardless of the energy in the vicinity of peak.
In the step S807, if the adjacent region becomes zero, it is changed
to SC=SC+1 in the step S810, and thereafter, the value of "SC" is
compared with the value of "S" in the step S811. At this tie, if it is
discriminated in the step S811 that the value of "SC" is greater than the
value of "S", the image 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 (S812).
In this embodiment, at each time the region, which is considered to
be valid by the valid region determining unit 17, becomes zero, the
evaluation standard for considering as being valid is changed. In the first
embodiment, if the region is sutrounded by the discontinuity, the
selection. of the ridge line candidate image cen 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 in 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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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 in the case that the standard is the
direction difference. 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 range 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. 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 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, 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, sitice it is not necessary to perform

-95 -



10< 10< 10<3<yl0%& ()-, 10%& ()- !3& 10%<& ()-abcXdde#f} r<~\= 10!*

10% 0' 0& ()-* 10% 0& ()-! 10%0& ()-  10% 0& ()- | 10%0& ()-z |
10% 0& ()-z#ffffffg hxh~_@ 1013 10%<& ()-33L 10%& ()-F 10%<& ()- 10'0
10' 0 10' 0<z10% 0& ()-'* 10% o' 0& ()-xhiMiii:jdE~ @ 10! 10%& ()-

109%<& () - GBFL0%& ()-3S 10%& ()-33 10%& ()-33 10%& ()-:]j}j kckkk% dB~_@

the selection later, the efficiency of the processing can be elevated. 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 under only the standard that the energy is
a maximuin peak

Incidentally, a computer program in accordance with the present
invention is a program describing the procedure for executing the method
for processing the above mentioned fingerprint/palmprint image.
Namely, it is a program for causing a computer to execute a pro'cedure 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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which were discriminated by the discriminating procedure to be valid as
the image representing the ridge line,

As mentioned above, according to the presemt invention, it is
possible to precisely extract the ridge line both im a region having
wrinkles existing mixedly together with a ridge line and in a region
including a ridge line having a large curvature. Namely, since whether
or not the ridge line candidate image selected by the ridge line candidate
selection unit is adopted as a final ridge line image is determined by the
valid region determining unit, it is possible to prevent an erroncous
selection of a ridge line in a region which should not be adopted.

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 local information must be
sclected, 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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ridge line from all the regions on the basis of the standard of selecting a
candidate having a smell difference in a local information. In the prior
art, since the selection is forcefully advanced even in a local region
having a small degree of continuity, a ridge line candidate image
attributable to the wrinkle was often emroneously selected. However, this

situation can be avoided in this invention.

The invention has thus been shown and described with reference to
the specific embodiments. However, it should be noted that the present
invention is in no way limited to the details of the illustrated structures
but changes and modifications may be made within the scope of the

appended claims.
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Claims:

1. A fingerprint/palmprint image processing system comprising a
means for reading a fingerprint/palmprint image, an extracting means for
dividing the fingerprint/palmprint image into a plurality of local regions
and for extracting a plurality of ridge line candidate images which
represents 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 including the ridge line
candidate image having the high likelihood of the ridge line, as a highly
reliable region, means for sclecting a ridge line image which can be
estimated to represent 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.

2. A fingerprint/palmprint image processing system, claimed in Claim
1, 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.
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3. A fingerprint/palmprint image processing system, claimed in Claim
1, wherein said discriminating means evaluates the likelihood of a ridge
line of the ridge line candidate image on the basis of a ridge line pitch or
a deviation of the power spectrum, and discriminates, as being valid, the
ridge line candidate image having the likelihood of ridge line not less than
a predetermined level.

4. A fingerprint/palmprint image processing system, claimed in Claim
1, wherein said discriminating means changes the evaluation standard for
determining a valid region at each time the local region to be selected in a

valid region discriminating processing, becomes zero.

9. 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 ridgs line candidate image, regardless of
the diffe:rence in the ridge line direction.

6. A fingerprint/palmprint image processing system, claimed in Claim
4, wherein said discriminating means evaluates the likelihood of a ridge
line of the ridge line candidate image on the basis of a ridge line pitch or
a deviation of the power spectrum, and discriminates, as being valid, the
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ridge line candidate image having the likelihood of ridge line not less than
a predetermined level, 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 likelihood of ridge line.

6. A fingerprint/palmprint image processing system, claimed in Claim
4, wherein said extraction means 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
Fourijer 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 comesponding to the peaks as ridge line candidate
images, and said discriminating means evaluates the ridge line candidate
mmages 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 ridge line candidate image having a high likelihood of a
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ridge line, and a local region including the ridge line candidate image
having the high likelihood of the ridge line, as & 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 extfacted 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 were discriminated by the discriminating
step to be valid as the image representing the ridge line,

9. A program for causing a coinputcr 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
relizble 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
discririnating, 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
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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.
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