; €3e8N8| 6TNVF- i PROCESSI NG METHOD BACKGROUND OF THE | NVENTI ON Techni cal
Fleld Of The Invention The present invention relates to a
fingerprint/pal npxint i nage processor, processing nethod, and processing
programto be used for fingerprint identification, fingerprint
classification,va, and pal nprint identification. Description of the Related
Art Conventionally as, a a nethod for automatically extracting ridge
i nformation including ridge directions and ridge pitches froma fingerprint
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e based on the energy mnimzing principle rein evaluation functions
are setmmﬁlWMMMMﬁwmons extracted from each two-di nensional |ocal region
set on aking the degree of reliability as a nmeasure, and the
eval uati on *Gwmet i ans are m rBACKEROUND GETOPAR NQvEP@ATORe other handy :n in
fingerprint pattern classificatian by neans of the _a_ relaxation nethod,
i nfor mat i orfexrhmiic&ltFbekdesf xaheelnfreatioach two-di mensianai |ocal region
set on an image i s snoot hed by nmeans of the relaxation nmethod. However, is
the net hod di scl dBkel presaptuntsvephiont r@lhtesatooa No a755335, when
snoot hing an i mago includi ng creases, surrounding regions may al so be
snoot hed |rﬂdwmm*e/mlmpsiehsmaqeepmoc:a-sgorra prokasisiad wmeddsel,. | n
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this netmiiééﬂﬁﬁéik RetaRy ﬁ%nﬁﬁﬁp¥éﬁttGlﬁﬁﬁ}féFé§§8§itH@@-&ﬁlﬂ@r ddtoss a

wi de range éﬁﬁ#*é&gﬁﬁrlnt in parallel to each other at simlar pitches
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Therefore, the inventor of the present invention proposed a
fingerprint/pal nprint inage processor which can
Desoription of the Related Art

Conventionally, as a method for automatically
extracting ridge information including ridge directions and
ridge pitches from a fingerxprint image, for example, a ridge
direction pattern emoothing method and device are disclosed
in Japanese Patent Publication No. 2765335, and a
fingerprint pattern classification by means of a relaxation
method was proposed by Xawagoe et al. in the 22nd
Information Processing Soclety of Japan (first term of
1981). The ridge direction pattern smoothing method and
device are based on the energy minimizing principle, wherein
evaluation functions are set for directions extracted from
each two-dimensional local region 2ét on an lmage by taking
the degree of reliability as a measure, and the evaluation
functions are minimized for smaothing: -On the other hand,
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in fingerprint pattern classification by means of the



extract a ridge imge froma fingerprint/palnprint imge w thout influenoes
fromcreases in Japanese Unexam ned Patent Publication No. Hei-9-157230. =n
the processor disclosed is this publication, an inputted
fingerprint/palnprint inmage is divided ii;to a plurality of blocks, and a
plurality of ridge candidates are detécted from each bl ack, and anong the
detected ridge candi dates, ridge candi dates that can be securely fudged as
ri dges and the bl ocks including the ridge candi dates are determ ned, and
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even in regions wth creases. Fig. 1 shows the rel ationship between the

parts of tparaiQwiERiH iNU\Ch T45REE Proidn PAMOPEh Mg | ARJEmBGECeRadudihyy. 1
corresponds to Fig. 9 of Japanese Unexam ned Patent publication No

Hei - 9- 1672 3readassy eurdoundhny w@ianatmon &lge Beismooshanl Lhi ed draw ng
of Fig. 9 of the sanme publication. =n Fig. 1, reference nuneral 11 denotes
an i nage i aowondance nefth arsmsaserededlt benoirsemphasibednépesaeson
extracting part, reference nuneral 13 denotes a highly reliable region

det er ni ni ngMp&he axnst degaribadeinl fingerprint patberacehasedfioatdonup
detecting part, reference nuneral 15 denotes a ridge, candidate sel ecting
part, and P¥f &eeRE ofu ke relaipkien mekhodngehe chel axphiopamethed, dgn,
the highly_reljable reagion, determni Barf 13 coryesponds,to the first
ridge candii¥&fe 85y SNt 598 sppething TR E ’évﬁpuéi"?ﬁﬁtbﬁﬂﬁ 13,
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divides the inputted original inmage into two di nensional |anai regions
(S70a), andreagescmsmya s emphasdifgd) mages that are candi dates rendering
ridges existing in each |ocal region (hereinafter, referred to as ridge
candi dat e i mages Fhegefore Nohe dnventing wfirthatprasenit t inventient r act ed
ri dge candi date i mage. The extracted ridge candidate i mages are supplied to
the hi ghl yPrOPPSSAe & ddngestintvRaimpiint image | precesser duhécherddt i ng
14
part ’ aggtraat a ridge image from a fingerprint/palmprint image
without influences from creases in Japanese Unexamined
Patent Publication No. Hei-9~167230. In the processor
discloged in thie publication, an inputted
fingerprint/palmprint image ie divided into a plurality of
blocks, and a plurality of ridge candidates are detected
from each block, and among the detected ridge candidates,
ridge candidates that can be eecurely judged ag ridges and
the blogks including the ridge candidates are determined,
and candidates in other blocks matching with the determined

ridge candidates are selected. The ridge patterns are



i mge generating part i6, respectively. In the highly reliable region
determ ning part 13, ridge candidates that axe highly likely to be defined
as ridges anong a plurality a ridge.candi date i mages and | ocal regions
including the ridges (highly reliable _regions) are determ ned (8704), and
the ridge Candi dates and | ocal regions are supplied to the adjacent region
group datecting part 14, ridge candi date selecting part 15, and i mge
generating part 16, respectively. The adjacent region group detecting part
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reliable regions a, as shown 1n Fig. 3A ,when the highly
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| i ght hat ching)."adjacent to the highly reliable regions axe detected as

adj acent r ediaiddg MM ridgds dnelorst Witiiued wibth t@schuebReref so
adj acent regions is one or nore (S706). For exanple, in the exanple of Fig,

3A, since tihathwsEmliddtedjdeantoare hosedsraly ejudged oas, ridgepr aress
progresses to S707, and ridge inages are sel ected anong ridge candi date

i mages for dedevted aldnd reamdijdekes meigiirsg dedtelr tEe bfetactedde candi date
selecting part 15, and the imge generating part 16 is notified of the

sel ected catmcdataten ans selurtad anony oher ckecalacandbiateseon
processing is parried out for the adjacent region A of Fig. 3A,  a candidate
havi ng hi gWh@xebmdit pacrmas Rassiile kP rawér%'@mwaﬁe'eechagédqest B¥engh
6, and in this case, thﬁ candidate image ~ is selected. Next, the process
returns to i@ FEILORF AR GREARES 10 a highly reliable region ar a |oca

are ne fE'e?CH i “ﬁ“sﬁ{%ﬁ}ﬁo e Sefene TERSTOREGR, OF Fhe
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is one or mare in S706, and when the nu er 1s one or nore ge imges

are sel ect eplAYaALRG m@ma@ﬂ%ommﬁeﬁlkéﬂléﬁw regions in
B707. Then, proessing from S705 to 8707 is repeated. then "is fudged in

806, pr oqempigﬂaas.mdmg‘.arl dkl 4 mPImaHISerLﬁ@abfthﬂgL negef the
generating part 16 creates a whole ridge image by using the sel ected
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i mage processor disclosed i n Japanese unexam ned Patent Publication No..
Hei - 9- 167288 3Rapgo AnRYh kARt a'tﬁipj%renqe inumeraki b2 cdenotrer acloerdges

wi t hout i nf,l gence f,rom creases, however, sjnce ridge |nages axe determ ned

for each | 384 107 BFEERGHNS RA N HIRRTENGH { Py ehe deppsas as
core shown iﬁh%vp%}%’a%#%‘ﬁr'ee“%r?é{%d ik #“#qﬁ.i%arreﬁ‘é SPheBenEe nitarel
ncl uding e 33‘%?%’&%%%%?‘#4 e tor Wil MeCLEEnG TBAFE, "0 | Ve ot
r'dge.eXtr%@E@&@ne@HMﬂﬂaééizigﬁaéﬂﬁéﬂﬂjéwiidga candidate selecting
part, and reference numeral 16 denotes an image generating
part. Herein, the highly reliable region determining part
13 corresponds to the first ridge candidate image selecting
~ part 12, continuity evaluating part 13, clustering part 14,
and clugter evaluating part 15 of the same publication. The
| adjacent region group detecting part 14 and ridge candidaté
selecting part 15 correspond to the optimum ridge candidate
image select;nq part 17.

Fig. 2 is a flowchart showing the operation of the



The object of the present invention is to provide a, fingerprint/pal nprint
processor and processing nethod, arid a programtherefor in which ridges
can be accurately extracted even fromregions including a m xture of
creases and portions iincluding ridges.wth high curvatures. In order to
achi eve the abovenenti oned object, a fingerprint/palnprint inmage processor
according to the present invention conprises a reading-in part far
reading~-~.n a fingerprint or palnprint as an image; as extracting part for
di vi ding t hg-ddaiiP d ERP| DI 1 in iFTRAE 3 Nithd GeRlgd SHPANE ek exiracting
ri dge candi'date i mages show ng ,ridges fromeach local. region; a

det er m ni NGelpdd-11Pra deimfdim Nt HSaTieri st | 88088 ihaienr enti ghpplliekel y to
be judged as ridges anong the extracted ridge candi date i nages axed | ocal
regi ons i ndtudiong:lidelotsirinfexineaboh dageraotins pardi y2| ¥n the fekmabl e
regions; a judging part for judging whether |ocal regions other than the

hi ghly rel icdblae dispitals mage i (BE0EXc| Wievcloardl girsf ayrmert bors eextrac € ineg

m xed regions with a m xture of creases and ridges; a selecting part for
sel ecting qexti dét ddivides thatinpettedporidinal simagei igbe &womg the ridge
candi dat e i mages based on eval uation criteria provided for each Bridge
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j udgi ng whet her | ocal regions other than the highly reliable regionis are
ridge excl debermiggimnsparie! 18l ngldge exndidate sblectddng pary 04,Chpase
and ridge m xed regions including a m xture of Creases and ridges;

sel ecti ng davdjed gemearaiyiasy thart al @, sopgpsetiivelyhovin itigeshigioly ri dge
candi date i mages based as evaluation criteria provided fax each of the
ri dge excl ¥@lhiakleiveaiomdetamining paryel ¥y xeidgegoandidatesgehatat i ng

a whal e i mage Ré-s‘-'g{j on the candi date ipages of w ~n the highly reliable
regi on det &R %%met%é?ﬁii%?%n$%§%sr%@%%téﬁ°nﬁ ahplyspddting
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i ncl udi ng the e Idate i mages as"highly rell e regions,

j udgi ng wWheldieicdras Ateg s Q,:rﬁuﬁﬁ hgdcddeing heabt 0Dd y Fedbabbenaeaneas are

ri dge excl usive raglans including the existance of ridgés only ax crease
and ridge wededtien @t k8 Jdnd fnadetgenerating cpaes d6¢g ridges;

sel ecting candi date i mages that are supposed to show ridges anong the ridge
candi dat e mespectiazsdy’ on eval uation criteria provided for each of the

ri dge exclusive regions and crease and ridge m xed regions; and generating
a whol e i mage baShe adiseent region graue detesting paty 14 £inde abddion
determnin R;F):reacess .and the candi date jmages selected in the selecting

process. BEesEnsr (Gdigeenhwegirns ) adj !F%e%t g‘FBcT(hﬁi hégRd¥showi ng a
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are found, the regions (shown by light hatching) adjacent to
the highly reliable regions are detected as adjacent

regiong. Next, it is judged whether or not the number of



_ g _ fags. 4A acrd 48 are draw ngs show ng exanpl es of portions such as
care and delta portions including ridges with great curvatures; Fig. 5is a
drawi ng showi ng the construction of a fingerprint/palnprint inmge processor
according to an enbodi ent of the invention; Fig. 6 is a flowhart show ng

t he operat of the enbodi nent shown in ~F@& ~Fig. 7 is a drawi ng show ng an
exanpl e of a fingerprint/palnprint inmage having regions including a mxture
of creases and ridges and regions including the existence of ridges only;
Fig. 8 is a, drawing showng the results of judgenent of the

fingerprint AgahaprEntregiegs de Eing of mpre r(E&Ji(E) f eFour exjamidiang imarthel 7
of Fig. 5 and Fi%ﬁ 9 is a drawing for explaining power of |ocal inmages. THE
PREFERRED E&BEMPIENPS @thﬁmvaglwmnhmmwmmc&dﬂmm;imstm
present invention are explained belowwth reference to the acconpanyi ng
drawi ngs. FWREe §had angyalihey PACSRiISRg PregrERaas & i and ridge
fingerpx~is-t/pal.nprint_inmage prace~sar relat~ ng to an enbodi nent of the
i ~xvent ~. an*3geR-axe sglepked; among Migice fandidatendmages HEon sach of
oonpar ~eat s ~. N the_aany~nt9,onal processor of Fiqg. 1, Iri fjg. 5 the

i mage i nputag;thTﬁHBP‘G& c ZRFdPRES dﬁt\?é’t?éiamert%lkigq &%1144&@@ print
ox ~aa, | npr o an.lam a | pputs _the f ~. r,~rint/~al prjnt r xQ
w i mage . T%giﬁgg'éflgi ﬁF %ansu' 0%% F?’&ct“maﬁ& r%%j.%gﬁ%i? HJe"
fingerpriatipa HNLFOL G~ Laage, . d, Pr he inmage input part,
into tmo,diégnéggﬁglB;,%gglsggéfgggsﬁagﬁgﬁé&gﬁ5%w§ﬁ%ﬁblura~,ity of ridge

canddate | mage’ soebREnplAgCanBK_oahitdakl Fe18Rdi A6 AU g 4R each

| Cal reg,ian. Fax exanple, as disclosed I n Japanesé Xam n t
Publ, i cati apaileie8ebut~fof28he kHYacentakrediBhOnTRE 3 L£XHCtd Ng part iZ -

applies two-di nensiaaal ~'c~urier txans~armto each two-di ner~sior~al

7.0ocal regioandidatachaving-highl cohginuity is seleated among ridge
candidate images 1 through 6, and in thie case, the
candidate image 2 is selected. .Nekt, the process returns to
8705, and with respect to a highly reliable region or a
local region selection for which the procees has ended, all
adjacent regions that are neither highly reliable regions
nor regions selection for which the process has ended are
detected, That is, in the cage of Fig, 3A, all regions
adjacent to lower sides to the previously found adjacent
regione are found. Next, it is judged whether or not the
number of adjacent regions is one or more in 8706, and when
the numbher is one or more, ridge images are selected from
the ridge candidate images of all adjacent reglons in 8707.
Then, processing from 8705 to 8707 is repeated. Whem “NO" is
judged in 8706, processing has ended for all local regions,
so that the image generating part 16 creates a whole ridge
image by using the selected candidate images as shown in
Fig. 3B (8708).

In the fingerprint/palmprint image processor disclosed



of peaks correspand~.ng to different traa~di mrens~, onal s~i ae wavet 3 anong
peaks at the Fourier txansfarxning plane in ardex from peaks with greater
anplitudes or anergy in the proxim-,ty of the peaks, and regards the two
d~. nenai ar ~a~, Sine waves aaxrespond-~. ng %o t he peaks as ~r~.dge candi date
~.mages . The hi,c~hly reliable region determ.r~~.rig part 13 determ nes
ridge candi date inmages that are highly li~tely to be ridges anong the
plura~, ity a~ ridge candidate i, magea a~ each | ocal region, which have been
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reliable region determning part~l3 se~. ects ridge can te Irmages w-.th

the great escontinmiinge it dert dfyiond | a® SIHBoFEARE - aegsageh%ﬁh

| . oaal region. The adjacent region group detecting part 14 detects a-~.|I
b7.ocks ( 7incdudiag wisiges hattinrgreawt tdervdtuss . susk-as. 8hkechega. ona
determ ned by the highly reliable region determn~, ~ g part 1~ nor | ocal
regi ons ~. n%wahiwmga ddaditidthe idelges dtvoren bixerF gl e4Bpdimagag | ocal
regi ons adjacent to the local regions in wh~. oh r3.dge cand~. date 5. nmages
have been sERBgidatescincimding areasemtwitle add costcsinubtyechayrbd to as
adj acent regi ?L%)F(%F The xegian ~eafiure j udg:liélncgi part 3.7 judges all adjacent
regions as t8 Aerafhekythate imagemsing et keldges ceveni when bheture

of crease arid ridge i es based | ocal ir~farmat~ion dramthe | aca7,
i nf ar mat i orgg‘gg Fa Pn%’ ff.s"égﬁﬂ%t‘é}ﬁ faidgtr pE BEAgR whet her or
not the reg'bg_g%agq:go | ocks including a mxture f, creases and r~, dges are
made so that If a value resulting by div~ ~ling the anplitude of a r~.dge

cand~.date inmage with the greatest anpl~.tude'ar energy around a
carxasporrd~.ng point at the Fourier ~alaae by the anplitude of a candi date

with the seaor~d greatest anplgm!‘abrerﬁg@&mfwfbﬁ coxx~espendi ng poi nt
edc~t er m3ned t

at the FQUier plane is smaller than a px hreshol d, the bl ock

is judged as a crreheecobfideti dge thea. E@@glantoa_lﬁ,vem_q_oh f1d NG \Sroviad
| arger, the black is judged not to be a crease az~d ridge m™xed ack. The

sui tabl e rifipgenpuintypaimpréati pyoperscts sl eicvdss AL Me¥KbAAt A8 hased
urn evaluation criteria that are d3,f~erent far each |oaa/7. region ~.n

accor dance R¥egramcthesafor dn whighnwidges wan hegismvdmstely éxglgidgedar t
17. the processor 5.af Fig. 5,, -,~~ .. tenmpaxaril,y stones data at the
i ddl e st agEvoF %F%e§§9ﬁgnFn1iB°&u§F-&ﬂaQe“ﬁ-éﬁ‘vw,'-'-'@e ofhstresanm)anlich as a
menory as ~r d,.eads-qut th atg as necessary fax dais
pxaaessi ng?qgg?&%aﬁﬁ&gvgiﬁﬁeF&agSH Ufg"t?‘hi:“'ﬁ SORVaInRRE ent i s
expl ai ned i n det o L€ the flowhart of F~ g. 6. ~a Fig.
8, first, the i n%;é %‘\%%% Bér%séga&r;gagﬁggi ﬁgavementionecf objetit, a
fingerprint/palmprint image processor according to the
present invention comprises a reading~-in part for reading-in
a fingerprint or palmprint as an image; an extracting part
for dividing the fingerprint/palmprint image into local
regions and extracting ridge candidate images showing ridges
from each local region; a determining part for determining
candidate images that are highly likely to be judged as
ridges among the extracted ridge candidate images and local

regions inuludiné the determined candidate images as highly



fingerprint ax pa~,nprint as a digital a, mage, and supplies the
fi,ngerprint/palnprint original imge tc~ the |ocal ~,aformatian
extraat~.ng part la ( 8201 ) . The local. ~. nformat~.an extracting part 12

di vi des the abQvenenti oned i nputted orig;nal I mage ~.ntQ two~di nensi anal

| ocal |egions 8200 , .and extracts a plurality ~rf ridge candi date inmages
Showi ng ridges existing in each two-di nensic~na~. local reg~. O from each
t wo- df nensi ona~. ~, ocal xeg~.on ( 5203 ) . Th,e extracted ridge candi date

y 1 el | {57 padd)! i t GhaLAE t 13,
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of one side of the ~.ocal region becanea approximtellr ~"through 32

pi xel s. Thef x@hurld I 0¥k dd&ld N dipd £; | AB@8TecBEngephrtOfQg i N , 7apanese
unexam ned Fateat i~ublicati,on Na. y, 9-167230, a p~.uxai~.ty of image
pover specalectinemmmiidates Miadenathdegaresgupposddr t8r shol-rgdges

poi nts axe detected, and two-di nensional s3,ne waves Gorrespdir~g to the
extrene  haongibthes midgeandisibte inages caskddaor eévaymatdbnea~ah ~. ooa
regi on. Fox exanplr~, six ridge cand~, date inages are extracted from each

| ocal regi GFitesia mﬁéx&mmqhmuq@ aexelusive vaybonasndecpender g
to the extregﬁ )0~. nts, t hereof are cal cul at'ed based on the extrenme points
of each caf® gediacach FeEQR Hatnd i esnerating: PaLEnLpar aRBEEASING

5. a~. ned. ~.S 45 d-.sol d ~o~th Li d,J
nexam ned FFAREHE Hotpee, FA & 5, S854£9SNE TRRGSP. ofnERe: ALSBLY di nat e
~al ur ~ b -1 ot ' = 5 ToaTqLas, 4 O-]1 c63) at
(el o P E T HoREh Yefuem ity 1SBLP s 56, Bamafef, afabes” °
i r~f ox~mat igeAl REd 3/ ggg% %&%%ﬁﬁ%ﬁt es the anplitude, phase,

di rection, frequency, e pea)c. the anplitude is

Grheni o0 1Y (ol st i s Salgy!phaeiuifr A (1
according to the invention comprises the steps of reading=in
a fingerprint or palmprint as an image; dividing the
fingerprint/palmprint image into local regions and
extracting ridge candidate images showing ridges from each
local region, determining candidate images that are highly
likely to be ridges among the extracted ridge candidate
images and local regions including the determined candidate
images ag highly reliable regiong; judging whether local
regiong other than the highly reliahle regions are ridge
exclusive regione including the existence of ridges only or
crease and ridge mixed regions including a mixture of
creases and ridges; selecting candldate images that are
supposed to show ridges among ridge candidate images based
on evaluation criteria provided for each of the ridge
exclusive regions and crease and ridge mixed regions; and

generating a whole image based on the candidate images of



foymula (3), the frequency is calculated by foxnula (4), and the power
around the Qeak ~.a calculated by formula (5). a~.5~ = 2 ~F(~t ~~~}~

~la ~})~zi = 1~ o~ . . 6 -1 1) t~i,~y ~In~~~a Phni'j~ = tan"'' Re
(~ri~~y ~cf,~~) i ~1~2 . . . 6..nr ti,~ ... ' dc~i~~~ ,~ tan-i ~1
-~ 2.6((3)~ .j)~r . a ~Cc~~if =~ (~~r~ )z~ (~In~-)2i =
1~~r . . . 624ci,~l 4nc3 g ... van - ~, ~x c~ nl~~~ni~~), nn~~n no~~
to s~ ~~(~~t~)~ () - 14 Furthernore, the whQ-, e power of f is

cs,7.aulated by formula (s). 64 ~F-~a n~-3a An i mage ~i eter~r~i ned by these
paraneters'theehiqhkxeﬂebiabbEInesion determining. spepaangdi the) aos~2~~n(i

~) I~ cas(dn( sin(dn(i ) - phn(i . Formula (8) expresses
candi dat e |¢n@ﬂmg§havﬂmnges~se£ested aachgeaaalectgnqnstepn|l (fir ~~~nmi
.. (. g) The local ~.a~armat~, orr extx-~act~ 3 part 12 cal au7.ates these
parameters ( FarﬂﬂxﬁtREEWQr? f &r PERERAN{ 8@QQT ia§a§°rE§e éﬁV@nt19n63 ~3

S §mit )~ ~h~i i)~ ~= Ji-o-=a ~
nent:gnéd |9P% H%S%QQR€§§F1F@dgﬁﬁan?uéuBFPEEFé A er div;dﬁ? O >

fingerprint/palmprint image into local regions and
extracting ridge candidate images showing ridges frém each
local region; determining candidate images that are highly
likely to be ridges among the extracted ridge candidate
images and local regions including the determined ocandidate
images as highly reliaple ragions; judging whether local
regions other than the highly reliable regicns are ridge
exclugive reglons including the_existence of ridges only or
crease and ridge mixed reglons inoluding a mixture of
creases and ridges; selescting candidate images that are
supposed to show ridges among the ridge candidate images
bagsed on evaluation criteria provided for each of the ridge
exclugive regions an& creage and ridge mixed regions; and
generating a whole image baszed on the candidate images of
the highly reliable region determining process and the

candidate images selected in the selecting proceszs.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing a conventional
fingerprint/palmprint image processor:
Fig. 2 is a flowchart showing the operation of the
conventional processor of Fig. 1;
Figs. 3A and 3B are drawings for explaining processing

for selecting ridge images of Fig. 2;



No. Aei-9-16p30, the h~.gk~7,y reliable raglan determ ning part 1~
deternf.nes ridge candidate ~, mages (highly re~, ~. ab~. e can~l ~. dates )
tk~at are highly | ~.kel~r to be ridges arid. local regions including the
determ ned ridge aand~. date i nmaged as ngpgy reliable reg~. Qs 0204). The
determ ned high7,y re~l ~abl e candi dates dnhd h~.ghix re~.~ arile reg~.ons
,including the highly reliable candidates are supplied to the adjacent
region graup deteot~.ng part 14, suitable ridge aand~.date se7.ectsng part

18, and ~.nmac~e ¢ at i,Rg t . ~ , ~. i able raglan
determ ni ng part ?gag&al‘lg'ata%? éﬁ%;%r%wégrﬁ& 5&%%(}%@#%% acFﬁg t ha

deqrea$ of ; h f ' o f . i aas,
a.r~d sel echrlﬁg-éhfSQ%%r?g arﬁf?ggicaéﬁ%lﬁ r@%gﬂhajr ?J%Zn%l"g ﬁl %hffa ?%e of

| ~. kel i hc~agith Bfeaid carvisd@rdy;om each |aocal reg~.ori, and regards the
selected imagas as highly reliable candidate i mages. ~l,s algorithmin thin

case, as mentionepigrest e abeverEng aheRriRied lthe” Fonsrud¥dligEensi onal
Fauriex traasfQ mis applied to each twa~di mez~sicna7. |s~cal region by the
| ocal . irif @ingetrpodneypadatirigtpdntagl prasvk o aodirdney feaks at the
Fourier transformng p7.ane, a plurality of peaks correspo~rd~.ng to

di fferent tGabgdipsntand thiendnvendsiamse extracted in axder from peaks
with, greater anplitudes or energy around the peaks, and t-~ra-di nens~. anal
sine waves car xesPafdi Aigis. 8 Edewchast shewlagtded apenstipn cahdiliat e

i mges, acrd uriiher pore, a ridge cand~.date ~, mage with the greatest

ampl i t ude aRMBRGPREE FAGWR: ARdFd&e Simges of each two- di mer ~s~. anal | ocal
region is regardegy, a h-, ghly,reliabl e candi date ~, mage. The adj acent
reg~.an gr QUp detgej%gl‘ nz Ssr?‘ g-?ﬂ‘%fmgnﬁgc’&’%nﬁ Bc SR8 @F @adj acent

regi ons) adj ' =y, nell gbs. e . .region S20S~.. For exanple, as
spawn in Fi Sﬁggkpﬁﬁ’éyﬁ?gﬁg?iﬁ‘é :*&aag?ehlﬁ&a’fiﬁfe@}% W]d’éﬁf‘%aﬁ ah3. ng)
are detect egixtg8b08E b i t ) j th i ghly
reai abl e rggi gﬁsggrg d‘e:tﬁgg\tgga éghag?'ggg%t %E& eaglg'%??si%ﬂﬁg%w:‘t@%j nt

reg~. Qn groepigeéncéi 09 padbeddchagyes whether ar not the number of

adj acent reg~, Q~s thus detested iS one or ‘nore (5206). Tn the r~xanple of.
Fig. 3~ the nunitRigof8alifaaedrawtggopBoiwingothet FaBulRe o0 Judde

process prag~ra-~-ses to S207. ~'uxthexxnc~re, when t~xe nunber of adj acent
regi an~ i s @h, the fingesprint/paimprincatimage] odgiFigng 7 hyard rbaiivh
notif~.ed of infarmati ap an the adjacent regionB, and otherra~.se, the

i mage generSRHErPaivdging -parholvi pEdPEgs bheand-formatioa. rn QO7, the
reg~.c~n feature judgi pg, part 1.5 judges whether Qr not tk-~e respective

adj acent reg-~, ané JcJ)q ' tﬂeigd?a@-'@ ‘t’ii’*ﬁg oF 8¥blpiniagr pgwerBofndbgal ng B,
m-. xture Ofi‘ﬁféﬁes and ridges based On the local region i~xfarmativn from
the laaal infornatiar~ extracting part 7.2, and notifies the suitable ridge
candi date se~,eoti.ng part 18 of the results of judgenent. Concretely,
anong extreme pa~.nts or~~ the inmage power spectrum of the adjacent

regions, |ay uB~. N PERCRRAFERRED' HEBOBEMENAE bIOTRE MERAION Vi ng

predet erm ned conditions, a, Judgenent 5 a ther yr not the

adj acent regi ons Te prgi@fted efbodindits 6F XtHeCpLbaEhe23RTaRRY R Q%@S’
The pxedetex~i.ned aond~.tionB are that the maxi numvalues exist 1r, half

of the frediaiBinghdebwoeltherefarencebts yheuascophhgihgnagawlaws!
spectrum are symetric based on the orig~~n, and e~rist in a spat~, al

freque~xoy Hghd & Het & drawlng|ghowingvbheeconstauegiandof~adge~ (
concretel y,f A spat~ ai frequency with approxi mately 0.25mt through 1nm as
one cycl e) . TRELNE [(RAATRTIRE image cProgeseer nuelakingntopan. nts anmong

X e AR A S AR B i ik e At
va7.ue 'i. qu_% é‘ét ég% atl of 2/£I i s~nore than pr edet er m ned
t hr eshol d, St he regﬁt 4/3 ‘%Jﬁ"t}b%cﬁ)% LUPRODRAES A8 gﬁetﬂﬁxﬁﬁn‘?ﬁ&tiﬁn?; and
othervvise,Pt:I&\, i i Sadf LIdged region Jj.Jnaludi t he existence,of a
ridge only. e{or :gt?cissf‘lj Hgfihrre?dr% ,%ige'r é‘.’tqi é@f%%@%‘é&?ﬁs ear
the extrem pajdtifex aRPIDYIH linX Dedly-D 4 FtngdBakihg gul xen the

an

power spectrum sum around the highest maxi mum value”is"v “the power
spect rum spalmpadmdt tde 220 ol and eEAp K | EhE) FEhyerpeiNe/ phimbbenyal ue
of v2/vl is nore that a predeterm ned threshold, the region Ts judged as a
crease and ridge m xed region, and other~rise, the xagion



~.a judged as a region i.nalud~, ~rg the exi $tenae of a ridge only. mhe
power spectrumof a |ooal region may be aa, ~.oul ated by the region featuxe
judging part 17, ax the pd4wer Spectrum cal cul ated by the local infarmatiac
extracting part 12 may be used. As nentit-~nad xn Japaz~ase ~l aexarni ned
Pat ent Publ ~. cat~. an ~To. Hey.-9-167a30,10-~har~ u~~ng t he ~. ooal

I nformation extracting part, xidge candidate imge attr~. bute ~.aformation
may be used. i Wrext, the sui~,able ridge candidate ~e7.ecting part 18

sel eots aar~di dates anmong the x~,dc~a oandi datr~ i mages of each of all,
detect ed adimagi: Mh§ desal-dnfermation muracting jpagentat ivides the
regi on featuxe ~udgjag,part 1.~ (i32p8) . Concretely, in regions judged as
~. ncl udi ng EnFsERE Y Palmpxing endoinalcimage| daphsked frogy thed imagepy
regar di ng qontinui%g w~.th surroundin ridgf caEdidaLes as inpartar~t, and
in rag3. ans-RRgREES IRk uW?lD‘g NERRLOBRT |y LOCRL cEREAANE: SRA-BREXACHSH Dby

the 71 dge dhRina b P ok FLASE Jeridi aafdCIREGRe: SRbmEndcEiRERe oo
“Then 111 PR IR el BRLE oGS EUR 8Bh Thohn uadion, 46

en it i Sy UdgEd har" g ) i
roan 0o, r el ebld 7 S| Grdulghed 18 uReupe DAERRREnad ERkaRE 1T [ 0ge

candi dat e ipBIE BT NG ML L E6FLLEL £le A508all dHBorRALAoRASE Where the
rc~g~.on is judged as a r~eg~.or~ inal,uding the exis~tenas c~f a ridge
only, a ri dstraxetitigiadart TyeappTidli effoldimens L6ahLapodii bex eRatatarn)
between the nean direction 3,n the proximty and the direction of the t~th
ridge canditdatesdhreys-dipSnignak choesl raghonm extsabest adpdaralikgge.
aerein, ais a constant, and SN(n) is shown by follow ng Fornula (I~).
va(ir~~ S-pf Peaks coxrespqnding to diffepent' two-dimZFheicoafableeri dge
cand~. date selectingggart 1$ thus executes candi date sel ection processing

fOr each of¥aYeP1 SRATE RRAKS Ao rishe FRuRLEY ftrans ferndngcpAaneedhonrderup

cand: dat o Phom kel s G G002 At P deg Caf aneRavatd Bheh respect to

hf gh~, ' : [ 7. fi f wh~l ¢h t

e ontied PRI AN Ad0R , [E £00a0ds “Ehe o HiBhnaigaRl s lnR0 re
~. | i | ted. That

o ok v Rk resbdriding ¢ S AR OES 0aE UBNaRRE eI EEEY T

sides of previt-nney Higwle 3diacae rf&g}i;ﬁgf el bifithg Bk 130 S7a- 1t

i.s judged whether or not the nunber of acent regiohs 1s one or nt-~re,
arid when tla¢ermines ridge candidate images that are highly likely to

be ridges among the plurality of ridge candidate images of
each local region, which have been extracted by the local
information extracting part 12, and determines loocal regions
including such candidate imdges as highly reliable regions.
As mentioned in the abovementioned publication, the highly

| reliable region determining part 13 evaluates the ridge’

' candidate images in each two~dimensional region regarding
the degrees of likelihood of being ridges, and selecgts ridge
candidate images having thg highest degree of likelihood of
being ridges of each local region. In this case, the highly
reliable region determining part 13 selects ridge candidate

images with the greatest amplitudes among the ridge



num aer is one car mare, the region feature is judged far eaoh c~f al

adj aoent xegians in d207, and in 08, based on the resu~,ts of the region
feature judgenent, candidate selection pracess~.ng ig executed by using
d~,ffaxe~,t criteria adapted tt~ each of #?i adj acent regions.

| ~ereiriafter, the proces~~.ng from 2d5 % rough 520 is repeated in the sane
manner, and ~,f "NO' i.s judged in 6a06, the i mge generating part 16
genex~~tes a Whole fingerprintlpal nprint ridge i mage based on the r~, dge
cartd~. dat V. I d h ihi,abl e ridge candi date i mage
seleatir~gq§%é@ﬁq?€€ ?T% ggcgﬁdﬁﬁgﬁe%8¥ﬁ%tEﬁggghﬁeen j udged as being

hi c~h~.y |3-ke'y’TKESﬂ&yﬁééﬂﬂefegioﬁhQrBhﬁhaétéQEEﬂE|9&&%9&@”d§%@%%@ ning
part 13, and laaal information obtained bx the |locall Information extracting
part 12 (~23%) .bhocks hehoohl pegoessinehagdareHaesither—highly Caldeitlie onal
ri dge ~and~, date se~, ectf.nc~ nethod disclosed in (TaQanese Unexam-.ned
patent ~ublreptonsndébermined- bF6¥R80highiyoyetiaplei deeiow detdririnimoe
derived' froma crease sonet~. nes becones greater than that der~.ved froma
r~.dge ~. n pa¥eglaimeéenclodabgregionst inewhfichr zddge candiadadgesimazmet hat a
crease ~,s erroneously selected when ueiag the enargy of a ridge oat~didate
i mge as sdiang -bepn selectedaamangt hecsihzegions, adjemsentn ticedilendocal
iac~.uding r~.dgts pnléb raheg se~, eotion ~. s made based on only continuity
with ridge %ﬂg’.‘%a%% hehetifgeapndidatpodBRraREgNENE beeR selEcteSuoh

as a core L5 h hi g idge.curvature, ~.f _noise aonpanents having
gr eat er ex?é%g$i§§%%é$ft?%ﬂ?teeﬁﬁﬁﬁeghgioﬁkstPE@ FREGEEeS 5 88such noi se
aonponerrt e d rg i xacki ~. S — d._=in r~..dge
candi dat e ?a%%céx@%n%éggo@%ki v%tggﬁ%ﬁaégc%é%\lxg% 1%%%%4\&@5#5%@?#8&% han
ener gy deriyged dcdr bhel S PSSR ke U t et her
it is noise or é%?}ﬁéggggéﬁé?%ﬁ %ﬁeeéagﬁkfﬁégsggfﬁ8ﬁe?§§ﬁ§$h&?iss%r t hough
ener gy _haviskbdles InaRidiay &omCitNAbUbesceaRslCanacdiligl’ inaedy nagelCl] O
in a case where ao creases exist, such selection Is not "possiBle ~, n a case
where creasms kol keformitekosf Brém thet hocalesafbragRodneRtratiag
reg~.on feature judging part 1.7 judges whether regions are crease and
ri dge mi xe®ar&e-ddrts or regions including the existenoa dt xidges only,
and the su~,table ridge candi date sel ecting paxt 18 seleots i, msge
cand~, dat es basefnrraLa LRy i rdgemments -2 50 vhotberaorenok kbei on, eo
core,or delta ina~. udinc~ neat ridges with

t hat t ti h

hi Sh g\ﬁ(ra_ca%?_r@”p’?ﬁxt%tbsfﬁ(’:@a%ae&?%%imd@e@izs‘aﬁree°§c6maﬁeﬁyagxl_t radged
oo~ ono. " A A iR rh P 8S" £SERRISS By ALFRAERRERm: Trmge
e F . . g g LA

el Ui~ ng SEGAS, (6% "8 Audle fodiddhng nRERTwEDR, FhEDEReARRRE DL re
fudgi ng_palsaplld dicin & ety '@l Ca SU0LPeapBnbifly o AiCallinkad! €

xi dge candi date se~.ecting part 18 ~aelects ritge oa ates based on

eval uat i on Fenidier- gl driemtbyreheli el cohd@cbregnchhaiahdacywexsl ghve regions
and crease and ri.dc~e .' mxed regions of ~“ig. B. =n a region ~. noluding
a ridge onleeasind greairasts camp Liendé-oot | enetggnatoumdi a egpkespdntidnyhe
smal | region image of the region, a pair of packs are found to be

symet ri caPOing @t e Reurier plane gis, snalllergthan anpredetermieedy is
concentrated on_t he peaks. However, is a Fourier traasfoxmed inage c~f a

region si SRQid ny the hipckdie niudgedesraocteaser anderidge miugds, a
5, it f K j ved f th d derived ~ th id
Popear ot Lblosy s Hh e falhe Ha larestncths PieekrisgJudgedrhetar or .
wh | | 5.t k t ect ed | i F i
ranstor modd Re e Kl adl o ffe hited PHREs” e, A A . oo
tent ‘Fubzal el G ¥ Yo LS o (/A7 Loy | i i i i ly,
Post enor oo Srgdetle. ditedeiing bare ¥ Be1oduh TE1408, REHLARREST RESES 'Y
di 1 exenoe oh @Rdlkdiitsp W 1R 1l RIee a fP AV £ BREREC P08’ Bkn Bchle ot her

hand, regions including a mxture of crease and ridges, the energy

d+. fferencectdioredn Hueorddine with Ntie Pedsubrd bbeisagendntnyyRepear
beaanes small. ' Therefore, in the present enbodi nent, by eva~, uatinc~ the
scal r~ of gegiocn rfsatmre tjwdgire gawhyell7 Wdltike procargor e o gibyps Hire
regions including a m-, xture of creases arid ridges. Furthernore, in the
oonvent xc~aal ridge aandidatc~ selerat~,rig fiethod di.solased in the
aboveneati oned publication, as aforenentioned, energy of a ridge candi date
i mge ‘derived fromcreases nay be greater than e~xerg~r der~.ved from
ridges in a reg~.on including a ~t3.xture of creases and r~, dges, so that
the G eases may be erx~oneausly seleoted if the energy of the ridge

I o Y. - o T




- 2 3. ~udgi~, g whether focal ragion~ other than the h~.gh~.y rel,iab~.e
regions are ridge exa7.usive xeg~.ons including the existence of ridges
an~.y or ax-~ease and ridge m xed regions including a m xture of creases and
xi dgea; sel ecting candidate i mages that axe supposed tQ show xi dges anong
the ridge cand~.date inmages based on evaggaL~.on critexia adapted to each
ri dge excl usive reg~.on and crease and r~.dge m xed regi on; and generating
a who~. e image based on the candi date i mages of the highly re7,iable region
determ~. ni ng process and tk~e aandi, date images selected in the selecting

process. As t@ﬁ@ﬁr 12240 yah\he A I Hife IRIAIY aPidgo ot apElgeaReingaxe
et he

made a~ to wh r regions i1.~xaluding a mxture of creases and xi dges or

regi ons excligtio/@l Ytdtage dhividd | (GRS shvh candiltlade 4 mgesrarassel ected
anong ridge candi date i nages by changing eva~,uation cr~.teria between

these two r pgeerzary,hemd daaid-out riltgalats@e macedsary fan data
accurately extracted fromeven crease m xed regi ons or Xxegions including
ri dges wit hpricgiesaimat ur es. .. ~el, WHAT IS Ch~AIMEp rS: 1. A
fingerprint/palnprint ~ mage processor conprising: a read-, ng-~-.n part for
readi ng~~. n a fi ndemri eongrets qranation af ithg oresent @rbesiinagt paft
for dividing a_f~.z~gerprint/palnprint inmage into |oca reg%oné agd
extraat ~. r r @¥pladged dry defiid widnirafarenre 1 ha FlPUchprEegE Bid. 4
determ ning part for determ,n~. ng, candi date ,i nages that, are highly |ikely
to be ridged ambRgTife Oxt ?&Etsé"d F&’&g m@gﬁdii@ﬂ"g: |3‘?&'3:e§'€crr%?4%&’d¥ ? agl ans
I ncl udi ng t det erm ned oand, i d ~ e j el L apl LQns; a
Fldgi ng par FAERE TR P PR T Hhr% | ey e P b et b HEH FrBHELAR

hi ghly relighkle ~:ﬁ:f]:s_i i ' e:gd,% L& ~Chad t he
exi stence o%@‘ﬁ d%‘e ? yrgérf%gre Se rgarigi“ ge :Fn X &?e%‘f’oﬁisl&i %‘8?8&~ ng a

~ b.xture of ¥RINRA G Gtr{aSing oot e0d | (ERPRY | f19ie SRsaLLti Ng candidate

i mages that are supposed to show ri‘dges annar~g ri dge candi date i mages

based on et ralferinisdicl idtioialinp a4 Ct2 ekl dés ttive r abdgementioned
inputted original image into two=dimensional local regions
(8202), and extracts a plurality of ridge candidate images
showing ridges existing in each two-dimensional local region
from each two~dimensional local region ($203). The
extracted ridge candidate images are supplied to the highly
reliable region determining part 13, region feature judging
part 17, suitable ridge candidate image selecting part 18,
and image generating part 16.

Herein, when the resolution for input images of the
image inputting part 11 is set to 20 pixel/mm and local
regions are set to bhe equare (=zee Fig. 7), the length of one
gide of the local region becomes approximately 8 through 32
pixels. When ektracting ridge candidate images, as
mentioned in Japanese Unexamined Patent Publication No. Hei~-
9=167230, a plurality of image power spectrum extreme points
of local regions in order from higher points are detected,

and two=dimensional sine waves corresponding to the extreme



excl usive regions and crease and ridge m xed regions; and a generat~. ng
pert far generating a whole i mage based an the candi date ~. magea of the

h~, ghiy reliable region determ ning part and the candi date i mages sel ect ed
by the se,leat~.ng paxt. 2. The fingerprint/pal nprint ~. nage grovessor
according to Claim1, wherein the fudgi by part ~udge~ 25 wh~t ~xer or not
| ocal r~gioz~s are regions inc~. uding the existence of ridges only or
regions f.ncludir~g a m xture ofi creases and ridges baked on, power
spectrumratios at a p7.ura7.ity of extreme points of the |ocal imge p4wer
spectrum Boifke hrengewarided ma7 nigge mandideaie duegas 0f @ah dorplo
Ca~.m1l, wherein the fudging part fudges Wether or not local regions are
regitrns i megudnng For examplenceisf riddgecapdidase dneges M€ ri dge m-. xed
rec~i on~ based on s ratio of the square roots of the pc~t~rer spectrumat a

pi uraXity exterctede fFernheraly laaal FegiciyecNRFh QPATATEP S mges . 4. The
o ek W B e St 1,
based on  BPIBE S Ehedmpomnk i clibabd L RaeE o GHE WHEEh DIt o
The 11 nger 560 AR slldy dla ALRULH. CP00 T 0o any one of di at s

a through 4, WY~QLEZduw @1 tﬁ%ﬂ% I's mMGERLg f OX
direst aurrer~t % e_c:){laénf_{l?eéfjn tdggﬁoorere s@ajﬁgr(uém . T&]e' %eRs.
f~.ngerpri gii/sRAldERe i tHEP VAP ed (Fip shdde [OnfRYmPNEd ObafthAt TS ~
t hrough ~4, wherein anong power t~peatru~,a extreilcd4a poi~xts, the fixet

max~. mum eFubdieardion Nond Hehie-SegTes AX Fires e wiedis: e iddomi idtte a
ra~ngs ire which frequencies are effective as ridges aro usod for

~. ~a~. u~: ' values »If7 theha-fihgeqikioR /pdomml rregiomgei pr p2eb€63, accor di ng
to arry one of C~.a,ins 1 through 6, wherein the selecting part uses
caz~ti aui t P<Ji<63 )s @ty dhediFapnd-em gl e dirmtasst aso ot Eudrd~. 3 £ A sel ection
in regi onsnL(Hgl,udi ng.a m-.xture of creases and ridg~a, and errgl oys

A y
continuity Jm OB didiqpmanion grbramling (RaY Falscaklelatesi a
far seleati i_n_r.eqions ~,.aal udi ridges only. 8. ~ fingerprint/pal nprint
i mage pXOCé:gl%I AT 'ccﬁﬁﬁﬁqhi‘ﬂ%:?q%@%?'epgt%qu?’é%h.??&gp‘gue% afoun
fi ngexpxi rrhﬁ,]eo?ﬁ%@é nprint as err 3, mag~; dividing the fingerprint/pal mint
i mage intca locCal regions arsd extracting r3.dge candi date i nages s~howirrg

Xi ;ﬂlggelf§~txoaaah 786 anfAdhifde 4¥ VUYL B! £l 4BOET, (ORL GHEad’ ON!Y
is calculated by formula (2), the direction is caloculated by
formula (3), the frequency is calculated by formula (4), and

the power around the peak is calculated by formula (5).

s . 2
ald = 2 Iﬂgg.ﬂ)' n(:.:n)' 1=1,2...6 +-(1)
_o] ImfFEn, néey
ph? = fan™? LT 0l = 1,2...6 < (2)
4 Ret’(&ﬁ‘fj)’ ng’-lj’) ree

d(’-yj’ = tan-l "n—g."j—’ = 1 2 () vee (3
o] = E_l(i'.j) - P Sf 0 v ( )
o

f‘(‘irj) = Ej:Z'J(gg-’j’)z + mg-d))zi =1,2...6 v (4)

anel

Vaﬁ'lj) -

RE w° o+ (5)
64 (ﬁm)e{ﬁ&'”.n&{*’j’salosatoa}zl &



be ridges anong the extrs,oted ridge aand~.date i nages and | anai reg~.~ar-~s
~.aal uding the determ ned candi date i mages as highly reliabl e ragl ans;
judgi,rig whether ~, Qaal raglans ether than the higk~~,y rel ~. abl e regions
are ridge exclusive regions including ridges n~,y or oreaae and ridge

m xed regions including a mxture of c«ehées and ridge ; selecting

candi date i mages that are supposed to show ridges anong the ridge

aand~. date i nages based on evaluation criteria adapted to each of the ridge
excl usive reg~.ons cad crease acrd r~,dge mxed ~ regions; arid genexating
a whol e i nage basPBdrtherandiedathe-wimdes pofverhethifgllsy orae'lldtﬁltﬂ’mtgdw on
determ n~. ag step and candi date a i mges selected in the seleoting step.
The fiz~ger fermulpal(@)ri nt i nage proaassi ng mat had accardiag to C ai m 8,
wk~erein the judging $tep judges wh$ther or not |local regiaris era~ragi ~an~
~.nclud3ng th r~g@$3ha 1of mlg%§;m§r~lx ar reg~.o~ns including a m xture

of creases & g%ﬁ—b% spetttBdmreties at a plurality c~f
e~ctrene palnts of Afe =Toédri nage power spectrum 1Q The

fingerprint/ rint, i mage pr SSi I~ nethod aacord~ tea Claim8§,
wher ei n theAﬁuﬁggﬁﬁ ge :ﬁﬁﬁﬁﬁéiﬁh éﬁ%ﬁﬁ%s éé 2g~. ons

I ncl udi ng tEe EX|§tence of ridges an~.y or excess and ridge m med rea~i ons
based an a } g=4f the square roots of the power spectrun1at a

p~. ural ~ | of ot pe
The fi. nger pgﬁr”' bfﬁ -%1 nﬁgé’%ﬁ’ﬂﬁ@nﬁ' ﬁ‘gt( ac‘c @ ngﬂa)g a a| m 8,
wherei n the judging step+ u t han yaX gl ilo rngqﬂg are regions
i ncluding r.~dges only or&rggﬁgﬁgq?ncﬁ)a? Eﬁ R ?qdra & crea$es and
r~, dges Formula (8) expresses candidate images showing ridges in

each local region.

: g
TR STy
The local information extracting part 12 calculates these

parameters (Formula (9)) for each of all local regions.

€3
{{ &) ph(i %)) d(ll]) f(:-l:l) va(i'j) }n-;_ t(ilj’ }[—Oj- v (9)

Az mentioned in Japanese Unexamined Patent Publication
No. Hei=9=167230, the highly reliable region determining
part 13 determines ridge candidate images (highly reliable
candidates) that are highly likely to be ridges and local
regions including the determined ridge candidate images as
highly reliable regions (8204). The determined highly
reliable candidates and highly reliable reglons including
the highly reliable candidates are supplied to the adjacent
region group detecting part 14, suitable ridge candidate
gelecting part 18, and image generating part 16. Hexein,
the highly reliable region determining part 13 evaluates all
ridge candidate images regarding the degrees of likelihood

of being ridges for each of all local regions, and selects



based on ratios of suns of pa~aex spectrum conponents ~.n the proximty of
a piuxality of extxene points of tk~e power spectrum of .local inmages. 12.
The fingerprint/pal.nprint inmage processing nmethod according to any os~e of
Clainms 9 through 11, wherein extrene po£§t§ except for d~.rect ourreat
aanponents in the power spectrumare usg8ld. 1~. The fingerprint/paiznpririt
| mge praoess~, ag nethod according to any one of Cains 9 though 1Z,
wher ei n anong - 28 power spectrumextrenme points, the first nmaxi num

extrenme point and the_s n |_mum I ~ Nt s = | Le & '

whi ch freqﬁgﬁc,ra §ea§3‘“§$'%§g’ﬁn3'§a rhf‘aﬁéiég‘;‘} gﬁ L%rgad ?%#é%va ulé%}?go%ﬂggd The
firigerprinpt/ FiNtass, i tggqg a =y one of
Clains 8 tﬁ%oﬁ%hﬂg 5‘ Eﬁgggﬁ'%%ﬁf&%ﬁg S ecg?'ugéel_{s&afo%‘?{#%?%ew th
surrc~uadi gg1bbied fest AL TIRRIY M TP iRl RO Mages £o~. QNS

I nclud~, ng a m xture of areasea "and r~, dges, and enpl oys continuity and sum

ancmmt of ener gy agf alligéad thandindall d RORS, afs Werittidifed Oin Selfe €otion in
regions inc~.ud,ing ridges only. 15. A pxagram for causing a conputer to

carry out bbeverertittedaubldicatibmg twd+digmenaiotdd-Bouwpiént ~ mage into
~.ocal regions and extracting ridge candi date irdages show ng ridges for
each | ocal tragiadornddEcappliied ¢, eauh- ma-cdimemebondht lacal htggionl bkel y
to be ridges anong the extracted ridge candi date i nages and | ai cal regions
i ncl udi ng the decédminfcmatadn- extradtine pat hlGhl §nd camowabpbtaigedns;
actdgi.ng whether or nc~t |ocal regiolxs other than the high7.y reliable

regi ons ar @efidgétetdiey Faprdaritdrangfoming £ Iane nea j1uEaLhbE of regi ons
L PR R LR F AT P S R Y R R R I
are extracted in order from peaks with greater amplitudes or
energy around the peaks, and two-dimensional sine waves
corresponding to each peak are regarded az ridge candidate
images, and furthermore, a ridge candidate image with the
greatest amplitude among the ridge candidate imageg of each
two=dimensional local region iz regarded.as a highly
reliable candidate image. The adjacent region group
detecting part 14 finds all logal regions (adjacent regions)
adjacent to the highly reliable regions (8205). For
example, as shown in Fig, 3A, when highly reliable regions
(shown by dark hatching) are detected, regions (shown by
light hatching) adjacent to the highly reliable regions are
detected as adjacent regions.
Next, the adjacent region group detecting part 14
judges whether or not the number of adjacent regions thus
detected is one or more (8206). In the example of Fig. 3Aa,
the number of adjacent regions is more than one, so that the
process progresses to S207. Furthermore, when the number of

adjacent regions is one or more, the region feature judging



ri dges anong the r~.dge cand~.c~ate ~. mage~ based on evaluat~.or~ criteria
adapted to each of the r~.dge exc~,usive regions and Crease and ridges

m-. xed reg~.ons; and geaeratir~g a wha~.e i mage bs, sed on oandi date

i mages of the h~.gh~ly rel ~. able ragi ox~ determ n3nc~ prooess and

aaz~di date ~.magas sel ected i x~ the selk§t=.~ng process. 1~. The program
according to Claiml~, r~herein the judg~.ng process judges whet hex or not
| acai regions axe rag~. Qns includ~. ng the existence of ridges only ox
regions z~xaluding a mxture of oreases and ridges based an power, speotrum
rati os at papkuldl isynotidiedemd Jaformesiiamen dhe adiarenb weaEMett rum

~.y . The program aacord~.ng to O a, m15, where~.a the judg-, ng, praags$
j udges wheehndx othegw.se,04de @m§§§ngﬁﬂﬁ?ﬁﬁiﬂﬁuﬂﬂFtn#ﬁﬂiﬁﬁékFiﬁégéx? tence

of r~.dges only or crease and ridge m-,xed regi ane based on rati o of the
squar e r ootdeofnEREmadionex EﬁeﬁggﬁstFbeaFegigPuFﬁﬁﬁﬂfﬁﬁquéiﬂﬁn9ﬁﬁﬁnts of

(he Poner <SPl O Sl AR s o Bhne e et S T
eciarie Tt 9950 0 ol Bepd O VAR AL A e leg oS
~, ~nit f, I [ f; ' : ~t of
proxs e RS T d S O Nooe] HOGREReoRRRLLN! of
wher €i Nt N@pad$nR0 INCRAC SH A RIS %ﬁﬁcﬁﬂégﬁéﬁ@piﬂ agndi AEELEELET eNt

conponents ~.n the pt~wer spectrtun. 20, The prodram according to any one
of Cains Llhel BiAugibhle Siddd idl X de EWEIng NSEEE UTB e¥E T €A PoOi Nt's,

t Y~e f5.xst maxi mum extremne point and the second maxi mum extremnme point
W thin, a resgdtenofhijuddaneaiinncronoretedyt camone edtreme points on
| the image power spectrum of the adjacent regions, by using a
power spectrum ratio of two points satigfying predetermined
conditions, a judgement is made as to whether or not the
adjacent regione are regions including a mixture of creases
and ridges.

The predetermined conditipns are that the maximum
values exist in half of the frequency space eince the real
number values of the image power epectrum are symmetric
bagsed on the origin, and exist in a spatial frequency band
that ig likely to involve creases and ridges (concretely, a
spatial frequency with approximately 0.25mm through 1lmm as
ocne cycle), The mazximum values at the two maximum extreme
points among extreme points satisfying such conditions are
used for judgement. That is, when the highest maximum value
is pl and the gsegond highest maximum value is p2, if the
value of p2/pl is more than a predetermined threshold, the
region is judged as a crease and ridge mixed region, and
otherwige, the region is judged as a region including the

existence of a ridge only.



,. $Q _ridges are used for eValu~.tic~n. 21. The program accordi ng' to any

a~.e of C3,ains 15 through ~U, whexein the selact~.ng pith eurrout~d~.ng

r~.dge cand~,dat~~ ~.n r~r~gions inolud~.ng a m xture of enploys

ccr~tinuity and sum anount candi date ~.mac~~s as crifieria fQ 3, nal udi ng

r~.dges only. grocers uses cOntinuitx asjgriteria for ~e7,eotion creases

arid r~.dges, and of energy of ridga~ aeleat~.on in reg~.ona .Af.A .
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Concretely, in regqions judged as including a mixture of

creasee and ridges, selection is carried out by regarding
continuity with surrounding ridge candidates as important,
and in regions judged as inoluding ridges only, selection is
carried out by taking continuity with surrounding ridge
candidates and energy sums of the ridge candidate images as
evaluation criteria.

For exemple, as mentioned iﬁ Japanese Unexamined

Patent Publication No. Hei-9-167230, when it is judged that
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following Formula (10).
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The suitable ridge candidate selecting part 18 thus executes

SNn) = e (10)

candidate gelection processing for each of all adjacent

' regions, and notifies the adjacent region group detecting

| part 14 and image generating part 16 of the pelected ridge
candidates.

Next, the process returns to 8205 again, and with
, respect to highly reliable regionsg or local regions

selection for which the process has ended, all adjacent
regions that are neither highly reliable regions nor regions
selection for which the process haz ended are detected.

| That is, taking FPig. 32 as an example, all regions adjacent
to the lower sides of praviously found adjacent regions are

" found. Next, in 8206, it ie judged whether or not the

number of adjacent regions is one or mare, and when the
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10: uaVK@ ne 211 adjacent regions in 8207, and in 5208, based on the
rasults of the region feature judgement, candidate gelection
processing iz executed by using different criteria adapted
+o each of all adjacent regions. Hereinafter, the
processing from §205 through 8208 is repeated in the same
manner, and if “NO” is judged in 5206, the image generating
part 16 generates a whole fingerprint/palmprint ridge image
baged on the ridge candidates that have been selected by the
suitable ridge candidate image selecting part 18, ridge
candidates that have been judged az being highly likely to
show ridges by the highly reliable region determining part
13, and local information obtained by the local information
extracting part 12 (B209), and then all processing ends.

Herein, in the conventional ridge ¢andidate selécting
, method disclosed in Japanese Unexamined Patent Publication
No. Hel~9-167230, energy of a ridge candidate image derived
from & crease sometimes becomes greater than that derived
from a ridge in a region including a mizture of creases and
ridges, 8o that a crease iz erroneocusly selected when using
the energy of a ridge candidate image as selection criteria.
On the other hand, even in reglons including ridges only,
when selection ig made based on only continuity with ridge
candidate images in adjacent local regions at a portion such
as a core or delta with a high ridge curvature, Lf noige
components baving greater excellent continuity than that of
true ridges exirt, such noise components are selected and

ridge extraction is failed. 8ince ridge candidate image
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& O 10 Ry adkivad Hroi r Tdyds, "It §80poss 1bie to make fudgement
as to whether it is noise or ridges by using the magnitudes
of energy. That is, although energy having no relation to
curvatures can be used for ridge selection in a case where
no creages exist, such selection isg not possible in a case
where oreases are mixed.

Therefére, in the present embodiment, the region
feature judging part 17 judges whether regions are crease
and ridge mixed regions or regions including the existenca
of ridges only, and the suitable ridge candidate selecting
part 18 selects image candidates based on evaluation
criteria suitable for each region, =o that even at a portion
such as & core or delta inoluding neat ridges with high
curvatures without creases, the ridges can be accurately
extracted while maintaining ridge extraction performance for
crease and ridge mixed reglions. Fig. 7 shows an example of _
a fingerprint/palmprint image having regions including a
mixture of oreases and ridges and regiong including ridges
only. The results of judgement by the region feature
Judging part 17 from such an image are shown in Fig. 8. The
suitable ridge candidate selecting part 18 selects ridge
ocandlidates based on evaluation eriteria that are different
between the ridge exclusive regions and crease and ridge

} mixed regions of Fig., 8.

In a region including a ridge only without creases,

when Fourier transform iz applied to the small region image

of the region, a pair of peaks are found to be symmetrical
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transfo;med image of a region simultaneously including the
exigtence of creases and ridges, a plurality of peaks
der;ved from the oreases and derived from the ridges appear
and eaﬁh peak has a great amount of energy (see Fig. 9).
Therefore, when a plurality of peaks are detected from a
emall region Fourier transformed image by using the method
disclosed in Japanese Unexamined Patent Publication No. Hei-
9=-167230, in regions including ridges only, most energy is
concentrated on an energy maximum peak, and the energy
difference from the second maximum peak energy becomes
great. On the other hand, regions including a mixture of
creases and ridges, the energy difference between the ehergy
maximum peak and the gecond maximum peak.becomes small,
Therefore, in the present embodiment, by evaluating the
scale of such a ratio, it can be judged whether or not the
regions are regions including a mixture of creases and
ridges. .

Furthermore, in the conventional ridge candidate
gelecting method disclosed in the abovementioned
publication, as aforementioned, enerqgy of a ridge candidate
image derived from creases may be greater than energy
derived from ridges in a region including a mixture of
oreases and ridges, so that the creases may be erronecusly
.selected if the energy of the ridge candidate image is usged
as evaluation criteria. On the other hand, with respect to

a region including only ridges with high curvatures,
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continuity with ridge candidate images, in a case where
noise components with more excellent continuity than true
ridges exist, the noise componenﬁs are selected and the
ridge extraction is failed., Energy of a ridge candidate
image derived from such a noisge component is smaller than
energy derived from a ridge, so that judgement is possible
based on the amount of energy.

Therefore, in the present embodiment, the suitable
ridge candidate selecting part 18 selects image candidates
in crease mixed regliong by using only direction continuity
without using energy as selection criteria. Furthermore,
candidate selection is made in regions including the
existence of ridges only by regarding energy as important.
Thereby, while maintaining ridge extract;on performance for
crease and ridge mixed regions, ridges acan be accurately
extracted from even a portion such as a core or delta
inoluding neat ridges with high curvatures without creases.

A computer program according to the invention is &
program describing processes for execution of the
abovementioned method for proceseing a fingerprint/palmprint
image. That is, the program causes a computer to carry out
the processes for dividing a fingerprint/palmprint image
into local regions and extracting ridge candidate images
showing ridges from each local region; determining candldate
images that are highly likely to be ridgee among the
extracted ridge candidate images and local regionz including

the determined ridge candidates ag highly reliable regions;
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judging whether local regions other than the highly reliable
regions are ridge exclusive regions including the existence
of ridges only or crease and ridge mixed regions including a
mixture of creases and ridges; selecting candidate images
that are supposed to show ridges among the ridge candidate
images hased on evaluation criteria adapted to each ridge
exclusive region and crease and ridge mixed region; and
generating a whole image hased on the candidate images of
the highly reliable region determining process and the
candidate images selected in the selecting process.

As described above, according to the invention,
judgements are made as to whether regions including a
mixture of creases and ridges or regione exclusively
including ridges, and candidate images are selected among
‘ridge candidate images by changing EValugtion criteris
between these two regions when extracting ridges, so that
ridges can be acqurately extracted from even crease mixed

regione or regiong including ridges with high curvatures.
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comprisging:

a reading-in part for readinq-in a fingerprint or
palmprint ag an image;

an extracting part for dividing a
fingerprint/palmprint image into local regiong and
extracting ridge candidates showing ridges for each local
region;

a determining part for determining candidate images
that are highly likely to be ridges among the extracted
ridge candidate images and local regions including the
determined candidate images as highly reliable regions;

a judging part for judging whether or not local
regions other than the highly reliable rggions are ridge
exclusive regions including the existence of ridges only or
crease and ridge mixed regions including a mixture of
creases and ridges;

a selecting part for selecting candidate images that
are supposed to show ridges among ridge candidate images
based on evaluation criteria adapted to each of the ridge
exclusive regions and orease and ridge mixed regions; and

a generating part for generating a whole image based
on the candidate images of ﬁhe highly reliable region
determining part and the candidate images selected by the
selecting part.

“z. The fingerprint/palmprint image processor

according to Claim 1, wherein the judging part judges
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creases and ridges baged on power spectrum ratios at a
plurality of extreme points of the local image power
spectrum.

3. The fingerprint/palmprint image processor
according to Claim 1, wherein the judging part judges
whether or not local regions are regqions including the
existence of ridges only or orease and ridge mixed regions
based on a ratio of the square roots of the power spectrum
at a plurality of extreme pointe of the power spectrum of
local images.

4. The fingerprint/palmprint image processor
according to Claim 1, wherein the judging part judges
whether or not local regions are regions.including ridges

only or regions including a mixture of creases and ridges

"10%

based on ratios of sums of power spectrum components in the

proximity of a plurality of extreme pointa of the power
spectrum of local images.

5. The fingerprint/palmprint image processor
according to any one of Claims 2 through 4, wherein the
judging part uses extreme points except for direet current
components in the power spectrum,

" 6. The fingerprint/palmprint image processor
according to any one of Claims 2 through 4, wherein among

power spectrum extreme points, the first maximum extreme

point and the second maximum extreme point within a range in

which frequencies are effective as ridges are used for



10ZZ 10ZZ 10ZZ'sY7! 109ZZ& ()-}uS4 ! 10%r& ()-!i! 10%& ()-!10%& ()-  10%m& ()-
10 10 10! x+! 109& ()- Lkl mw~ @g 109&Z& ()-fy3"109&Z& ()- " 109&Z& ()- 10m 10m
10m 3" 10%r& ()-!d! 109%x& ()-~ @yY MO% ()- 10%&' ()- 10% & ()- 10Z 10Z
10Z, 109Z& ()-'[g 10% & ()-f4XdE~ @ 109& ()-10%& ()- y109%&' ()-s109%& ()-f
1098 ()-39&10%& ()-AydE~ @f 10% ()- E19B&-()-

109&' () - &TLOY& () - yF10%& () -y109%&' ()- XdE~ @f Y110%&' () -

evaluation.

7. The fingerprint/palmprint image processor
according to any one of Claime 1 through 6, wherein the
selecting part uses continuity with surrounding ridge
candidates as criteria for gelection in regions including a
mixture of creases and ridges, and employs continulty and
sum amount of enerygy of ridge candidate images as criteria
for selection in regions including ridges only.

8. A fingerprint/palmprint image proceseing method
comprising the steps of:

reading-in a fingerprint or palmprint as an image;

dividing the fingerprint/palmprint image into local
regions and extracting ridge candidate images showing ridges
for each local region;

determining candidate images that are highly likely to
be ridges among the extracted ridge candidate images and
local regions including the determined candidate images as
highly reliable regions;

judging whether local regions other than the highly
reliable regiong are ridge exclusive regions including
ridges only or crease and ridge mixed regions including a
mixture of creases and ridges;

gelecting candidate images that are supposed to show
ridges among the ridge candidate images based on evaluation
criteria adapted to each of the ridge exclusive regionsg and
crease and ridge mixed regiong; and

generating a whole image based on candidate images of

the highly reliable region determining step and candidate
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9. The fingerprint/palmprint image processing method
acaoiding to Claim 8, wherein the judging step judges
whether or not local regions are'regions including the
existence of ridges only or regioneg including a mixture of
creases and ridges bhased on powar gpactrum ratios at &
plurality of extreme points of the local image power
spectrum.

10. The fingerprint/palmprint image processing method
according to Claim 8, wherein the judging step Jjudges
whether or not local regions are regions inecluding the
existence of ridges only or crease and ridge mixed regions
based on a ratio of the square roots of the power spectrum
at a plurality of extreme points of the power spectrum of
local images.

11. The fingerprint/palmprint image processing method
according to Claim 8, wherein the judging step judges
whether or not local regions are regions including ridges
only or regions including a mixture of creases and ridges
based on ratios of sums of power spectrum components in the
proximity of a plurality of extreme points of the power
gpectrum of local images.

12. The fingerprint/palmprint image processzing method
according to any one of Claims 9 through 11, wharein extreme
points except for direet current components in the powey
spectrum are used.

13. The fingerprint/palmprint image processing method

accoyding to any one of Claims 9 through 11, wherein among
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point and the second maximum extreme point within a range in
which fregquencies are effective as ridges are used for
evaluation. '

14. The fingerprint/palmprint image processing method
according to any one of Claims 8 through 13, wherein the
selecting step uses continuity with surrounding ridge
candidates as criteria for selection in regions including a
mixture of creases and ridges, and employs ceontinuity and
sum amount of energy of ridge candidate images as criteria
for selection in regions including ridges only.

15. A program for causing a computer to carry out the
processes for: |

dividing a fingerprint/palmprint image into local
régions and extracting ridge candidate images showing ridges
for each local regionj

determining candidate images that are highly likely to
be ridges among the extracted ridge candidate images and
local regions ineluding the determined candidate images as
highly reliable regions;

judging whether or net local regions other than the
highly reliable regions are ridge exclusgive regions
including the existence of regions only or crease and ridge
mixed regilons including a mixture of creases and ridges;

selecting candidate images that are supposed to show
ridges among the ridge candidate imagez based on evaluation
criteria adapted to each of the ridge exclusive regiong and

crease and ridge mixed regions; and
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generating a whole image based on candidate images of
the highly reliable region determining process and candidate
images selected in the selecting process.

16, The program according to Claim 15, wherein the
judging process judges whether or not local regions are
reqgions including the existence of ridges only or ragions
ingluding & mixture of oreases and ridges based on power
Spectrum ratios at a plurality of extreme points of the
local image power spectrum.

17. The program according to Claim 15, wherein the
judging process judges whether or not logal regions are
regions inaluding the existence of ridges only or crease and
ridge mixed regions hased on a ratioc of the Bguare roote of
the power spectrum at a plurality of extreme points of #he
power spectrum of local images.

18. The program according to Claim 15, wherein the
judging procese judges whether or not local regions are
regions including ridges only or regions including & mixture
of creases and ridges based on ratios of sums of power
spectrum components in the proximity of a plurality of
extreme points of the power spectrum of local imagek.

19. The program according o any one of Claims 16
through 18, wherein the judging process uses extreme points
except for direct current components in the power spectrum,

20, The program according to any one of Claims 16
through 18, wherein among power spectrum extreme points, the
first maximum extreme point and the second maximum extreme

point within & range in which frequencies are effective as
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ridges are used for evaluation.

21. The program according to any one of Claims 15
through 20, wherein the selecting process uses continuity
with surrounding ridge candidates as criteria for selection
in regions including a mixture of creases and ridges, and
employs continuity and sum amount of energy of widge
candidate images as criteria for selection in regions

inoluding ridges only.



