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

classification and pal nprint col ' { the prior art, a nethod for
automatically extracting a ri dgslﬁ:@gﬂ‘lﬂiﬁﬁl I on such as a ridge line

direction gnd a.pidge line pitch froman fingerprint/palnprint inmge

i ncl udes, 131(]}&3 eﬁﬂ@%é’?méomm dge Line Direction Pattern Snoothing Method
and Systent described in Y "Classification
of Fingerprint Patterns mmmg@ﬁﬁmﬁ@t I onal

Convention (1981 First Termﬁﬁ@?gkm-[ ssing Soci ety of
Japan by Kawakoshi et. al. The ge Line rection Pattern Snoot hi ng

‘Method andpg3ys 'd&?ﬁ§ﬁvléﬁﬁoﬁ techni que based on the theory of m nim zing
energy. An evdluation function is assigned for an extracted direction for
each two- di mengipgnaprekosial inveation Ofeladsi 1@ISiNgerpriat/pahkhpriat i@abability.
By mnimsing the evaluation function, the ridge Tine pattern is

snoot henedprédessihfesyatdral mehdd hnd thegrdhager fuseain dingefprimitngeligtiomt
Patterns by Relaxation Method," information of directions extracted for
each two- difimgespron@laskification ard palmpfinteollattageetcs snoot hened by a so-cal l ed
rel axation nethod. In the nethod described in Japanese Patent No.2, 765, 335,
however, if it I ghépréorded, womsathod Hon anomatigally extradiing & rwigenkne,
circunferential _regions are snoothened in line with the winkle, and it is
in information ‘such as a ridge line direction and a ridge line pitch from an

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

The "Ridge Line Direction Pattern Smoothing Method and System"
describes a technique based on the theory of minimizing energy. An -
evaluation function is assigned for an extracted direction for each two-
dimensional local region of an image with a scale of réliability. 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 Jocal
region of an image is smoothened by a so-called relaxation method.

In the method described in Japanese Patent No.2,765,335, however, if it
is intended to smoothen an image including a wrinkle, circumferential

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




1 29 August 2005 sone cases that the winkle is rather enphaghizgdooén the

ot her hand, in the technology described for the classification of the
fingerprint pattern by the relaxation nethod, although the relaxation
method i s used as the technique for snoothening information of direction

e e GEp i Ay L M RPN ent,
Sﬁ'd: ext Qng?%%ro@éx APt Ror” i, R tiol, Ry SR dn @R BBl b " P 1€
Paront  Appramio R, dthchilf (R SR RERGHER! IR R BRRR S s A =
cor r espondgpidtivéning RakSibatior? 3 @8otion” exadea nforoé%dw I6dal i 'Rgidr)c@epor at ed

by reference in its~entirety into this application) _ _ _
fi nger pri nshRpltAgHIhStis| dhrded RGaskes wigPakd evidhklexforadeipat af ekilgiagl | ne

image froma fingefprint/palnprint imge without receiving the effect of

t he wri nkl evrinkles which 4lso dexqoentty erst imppalniprimvagd wiiioh @ss parallahta encht t ed
fingerprint or painprint image is divided into a plurality of blocks, and
a plural it pthdr dird diilan piteh aadd>detesverr® latge eareadwithr theaebulbithatktheand t he
candi date which can be considered to be surely a ridge line is determ ned
fromthe devraddesianciapaehdsized. candi dates in one bl ock, and in the other

bl ocks, ridge line candidates having the consistency with the determ ned
ridge |ine candildgt mvgnter: ok the qurseii cappiisaiieih Propeses; Wy dapangse fental | y

o, Kt et oA SO B i 1 e
Ther et or e e SpE A 8! N B SRR S e SUE i b
detect ed C?ﬁ]&;r%%%‘aece(iis b%/holse @M 9t Nl Eﬁﬁlaeltycalﬂ 4 dﬂ%i(sas’apiprlicieﬁoﬂfsai ble to
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 candidates having
the consistency with the determined ridge line candidate and the block are
chosen. The ridge line spatially continues as a ridge line, and the wrinkle
spatially continues as a wrinkle, but, generally, the wrinkle does not continue to
the ridge line. Therefore, if a candidate which can be considered to be surely
“a ridge line is detected, and if a candidate having the continuity with the

detected candidate is chosen from other local candidates, it is possible to

correctly detect the ridge line in a region including many wrinkles.




correctly detect the ridge linein a region including manyywuihess 29

- August 2005 Fig. 10¢is a block diagramillustrating the
fingerprint/palnprint inage processor nentioned above. The bl ock di agram
~of Fig. 10 corresponds with Fig. 9 of JP-A-09-167230, but is one obtained

by sinplifying Fig. 9 of JP-A-09-167230. In Fig. 10, the reference nunber

11 designates an inage i nput nmeans, and the reference nunber 12 i ndicates

a local information extraction nmeans. The reference nunber 13 denotes a

Chove” an’ ad; acoly 19 aR A YIGER gD Al Al Whe, f8L iR e: 15
desi gnat exmagei pascdssop imandoflalieabslect Mo ARE. did¥iint FEEerRnee

nunber 16 indicates an inage generation neans. el iable

region decerwipomds weahsFIS @ 0sf gPPANS- 1672315 biuf 58 ofie Wiftaldif pyand! date
i mage sel ecting portion 12, the connectivity ‘evaluating portion 13, the

cl ust er i ngimplifyiing Fig, SaofdIR-e-001 167230 .eVal Fiat 109 theGeféreficd hutlipyn in Fig.
9 of JP-A-09-167230. The adjacent region group detecting neans 14 and the
ridge |inkl cdgrdgnates anl imagorinpuhrmerfis, andr dspaefetencehauaifidrmm ri dge
line candi date i mgge sel ecting portion 17 shown in Fig. 9 of ‘

JP- A- 09- P@diegdes gilgcaliinfognation exgtagtioni nkass.r Atieneferenoeemanben 18ct i on of

e ot Aot by Bkl abBic ot s ank thowpaneacshe | o m

The 1 ocamithiet, bR 38, alfftont veekian: atoun dntecting meeansvedThe: gi nal

ocal | acterkiite SulCr 3 Uest Bfes BHBR NG cARdkate Sbdetian eage |1 ne

candi dat anditRBYe{dreSe Aufi! AIRithes hniiREES §6ReAtion $Rahl "G St N9 11
the highly reliable region determining means 13 corresponds to the first

ridge line candidate image selecting portion 12, the connectivity
evaluating portion 13, the clustering.portion 14, and the cluster evaluating
~portion 15 shown in Fig. 9 of JP-A-09-167230. The adjacent region
group detecting means 14 and the ridge line candidate selection means 15
correspond to the optimum ridge line candidate image selecting portion
17 shown in Fig. 9 of JP-A-09-167230.

Fig. 11 is a flowchart illustrating an operation action of the system
shown in Fig. 10. In Fig. 11, the image input means 11 reads fingerprint
or palmprint as an image, and supplies the image in the form of a digital
image to the local information extraction means 12 (SlOOl): The local

- information extraction means 12 divides fhe received original image into
two-dimensional local regions (S1002), and extracts from each local
region a plurality of images (which will be called a “ridge line candidate

.image") as a candidate which expresses a ridge line existing in that local

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




region (S 1003). The ridge line candidate images are nunbegaghoudYohwigust
2005 The ridge line candidate i nages thus extracted is suppli ggl to the
highly reliable region determ ning nmeans 13, the ridge |line candidate

sel ection neans 15 and the i mage generation neans 16. In the highly
reliable region __determnin ns.13, a.ridge |ine candidate i.ch can be
consi dered to beThaifge Jing cAniats infetecibiss CoFAEigAdR ABP LI thewggggw
including that, ridge |ine candidate.chj,ghly reliable.reqgion)., is

ot et mi ned TEeerEEoR SRS 18, i hded ot FidiebRReftbonatomny  and
supplied t he lacent region_erou tectikng NS 114 ri l'ine
candi date s e%}(ftc){h n%%l%e 1%%5%}??% eﬁ‘&%e%:‘g eﬂ%ﬁ%ghlhmiaﬁ%.ﬂe%ﬁ%

adj acent reg : t 4 154 | .J.oral ' (adj acent
et ony wni AR el 13, b PERRS chribadit it aspi copSRIeREl o 4 2
it is assu : hi ' ' : | oMy dense
hatching in gf&h@é&@&gﬂ%&gﬂg?& I(?%%?g%%(ﬂ(' Ir?g%l?gﬁlégs shomﬁdg%q?ﬁee .
dilute hatgiHdi@aten(HicHly #tiditk) rég*ﬂbﬁ?z, i8dicternsintd Froph @he plurglityaddt edgergi ons
are detected as a adjacent region. xt, whether or not one Or nore

adj acent r difieonsndidee BRigst @004%, ghé auippliedt ©d tHeS adlRent régionegeoup e, in
t he exanple shown in Fig. 12-(a), since one or nore adjacent regions

exi st, the detetigsinegngddsthentidge linstoapdidatO&ledtionwheards, 15 ané dehimdge he

adj acent regions, aridge line image is selected fromthe ridge |line

candi dat e igemgrationanearshl®. nunber of the selected ridge |ine candidate

image is notified to the image generati on, neans 16. For exanple, in order
to perform the rThgyedjacaat regian greupideteping meassildhfinds alllecabregiens

region "A" shown in Fig. 12-(a)., candj dat.e, havi ng hi | evel qf
continuity (@ agﬁmté@g@agméh e &@d@gg‘_ywilahﬁdﬁawe(ﬁﬂﬁég orpxamples 6. | n
this exarrpli? it itsha%s{uln% ethla{ the ﬁlag?ﬁj)l/ g'e isble r}%gﬁmsz(reéi(smg R S%ne{jri the dense

hatching in Fig. 12-(a)) were detected, regions (regions shown in the dilute

hatching in Fig. 12-(a)) which adjoins the highly reliable regions are detected

as a adjacent region. Next, whether or not one or more adjacent regions are

detected, is discriminated (S1006). For example, in the example shown in

Fig. 12-(a), since one or more adjacent regions exist, the processing goes into

a step S1007 in which, in each of the adjacent regions, a ridge line image is

* selected from the ridge line candidate images, and the number of the selected
ridge line candidate image is notified to the image generation means 16.

For example, in order to perform the ridge line candidate image

- selection for the adjacent region "A" shown in Fig. 12-(a), a candidate having

a high level of continuity is selected from the ridge line candidate images "1" to

"6". In this example, the ridge line candidate image "2" is selected.




29 August 2005 Thereafter, the processing returns to the 56 ap-yf9hes I n the
highly reliable regionor the local region for which the seléction of the

.ridge line candidate imge has been conpleted, all adjacent regions which

~are neither the highly reliable region nor the local region for which the

selection of the ridge |ine candidate i mage has been conpleted, are

selected. Nanely, in the exanple shown in Fig. 12-(a), all regions

downward adj acent to the adjacent region already detected are found out. .

Then, in the. FherafetOfife préwisbitic astubeé t61Re %E?@W@S@dlﬁ‘%ﬁethjgtﬁg} ons are
n ,

detected, is discrimnated. If one or nore adjacent regions exi t he

processi niplisdds regionher tieelocal 16)ion for whichhtheiselextion of tHeedadilnfent
regions, a ridge line inmage is selected fromthe ridge |ine candidate

i mges. |¢gndidatopimagenhas theens copplstad)0alit adjacéno fegionsr eyldehegre and
when it is,ﬂi‘a%crirﬁr)a dto be "NO' in the step S 1006, since the
processi ! Hee higBhpireliabla segion nometheodadalr egiionsfort whichutie
generati on means_qlﬁ lréest resl_a whol e ridge |ine image by using the

?ﬁ' ect ed %%1?1‘_@%0'1/1. the tEi‘_’at &g w&ﬁla@sl@ﬁﬁﬂ?hﬂﬂﬁh:ﬂgbcga@b?ctﬂim% .

e finger nt,/ p rint.i e processor nenti gned_above, i sclosed in
I A 09- Felsagl cyﬁq.ﬁﬁh'alﬂ Eﬁé’?@%ﬁe ISRV I1Bh L&-d!;%TGa@ augffgﬂéwco‘edhbly |
wr i nkl es. 4N r ipe. | e is etermn r eac oca
region b)fi | npor aﬁgﬁ?@fcigﬁés?@%Phﬁg:%flhégglgﬁ?‘?ﬂdﬂ 9‘3@8&"1}{{9@% ﬁﬂ}ﬂ&ﬁem- r egi ons,
anot her difead ' O'Mfe‘f@ ' Lch, .. ' |l i.ne having a
| ar ge curvat G\rigrﬁslﬁgﬁeﬁa§120§bre S gc;ldw(r)]r Pﬁt%?g& TQP? gﬁij%i%g?ge@t??‘lsaﬁrghovm I n

Fig. 13- dejectedels idisdriinadde I r I | i e havi ng
a winkle héacvi ng. a g%odrhﬁ(l:%%t?ignuik{ ?/ﬁ%t erlﬁo{igﬁﬁ%g?rlfégg@ﬁji%%gﬂf rs{ﬁgel ect ed,
wi th thepresadsing kivesi to the Istep SEO07,20 WHRN, fihdscH iofethe adjacent

regions, a ridge line image is selected from the ridge line candidate

images. In the following, the steps S1005 to $1007 are repeated, and

when it is discriminated to be "NQ" in the step S1006, since the

processing has been completed for all the local regions, the image
- generation means 16 restores a whole ridge line image by using the
- selected ridge line candidate images, as shown in Fig. 12-(b) (51008).

The fingerprint/palmprint image processor mentioned above,
disclosed in JP-A-09-167230, can extract the ridge line without being
influenced by wrinkles. However, since the ridge line image is

determined for each local region by importantly considering the
continuity between adjacent regions, another disadvantage is encountered |
in which, in a ridge line having a large curvature such as a core shown in
Fig. 13-(a) and a delta shown in Fig. 13-(b), even if the ridge lines were
clear, a candidate image having a wrinkle having a good continuity other
than the ridge line is selected, with the result that it fails to extract the

ridge line,



29 August 2005 Brief summary of the invention Accordinglygishghst 2885 obj ect
of the present invention to provide a fingerprint/palnprint Irmage

processi ng system nmethod and program which have overcone the above

menti oned problens of the prior art. Another object of the present
invention is to provide a _fingerprint/palnprint inmage processing system
‘met hod and Byied ghavmary odflag invesfiopr eci sel y extracting the ridge |ine even in
a region having winkles .existing.m Xegltﬁgt ogether with a ridge |ine or

even in a regi oMscAEmangt 45 a1 RRdest; A vPIEgent IegloR o, Arayide a

R it I S UL AN S L,

the 11 nget BATRPPEEPRRABPHE e iRAE pRSHIE P RE BoIBEAT ¢ ogions and Tor
Fidge |1nes. Fofuuhty oBbideh R, JHe” BRERAE“IRorIRAD® 1T o RSP o

thus " ext r AnBEAY el Budp80 prof Qe Syl oo SN MRl lR00 )
ridge |i neca_%goif QG &1y eRtaefing ftd Hell @ﬁpb%eﬁiiﬂ%%egi&?hﬁﬁﬂ ighdhleles MROE

havi ng t he kel hood of the ridge line, as a hi

I ghly reliable region,

neans for eggistfipimikedly togtahert With hriddiee e Or éwsh be acfddiomtineluding gpr esent
aridge line, fromthe ridge |line candidate imges extracted by the

- extracti ngridgehise haoingeatirgoturvah@el ocal regi ons other than the highly
reliable region, a discrimnating neans for discrimnating, for each ridge
| i ne i mage thusAsebmtingdo athespeot aff theopreseet inviedgen) thereiisggeovidedsa
selected is effective as an inmage representing a ridge |ine, and nmeans for
gener at i ngfiagempsingpalraganbimage pasiessongt REstdgeompnisingage meanhe
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 represent
ridge lines, for each of the local regions, a highly reliable region
determining means for determining, from the ridge line candidate images thus
- extracted, a ridge line candidate image having a high likelihood of a ridge line,
| and a local region lincluding the ridge line candidate image having the high
likelihood of the ridge line, as a highly reliable region, means for selecting a
ridge line image which can be estimated to represent a ridge line, from the
ridge line candidate images extracted by the extracting means, for each of
the local regions other than the highly reliable region, a discriminating means
for discriminating, for each ridge line image thus selected, whether or not the
ridge line image thus selected is effective as an image representing a ridge

line, and means for generating a whole image on the basis of the ridge

line image in the




29 August 2005 highly reliable region and the ridge |ine boRgguibbgh was
discrimnated by the discrimnating neans to be effective as the inage
representing the ridge line, wherein said discrimnating nmeans
discrimnates that the local region of the ridge line candidate inmage is
valid if it has at | east sonme  degree of continuity to _the ]ocal region

det er mi ned highbyreliablgriegianeandithiearidgsyling taage tidelnngs discrivamategeby the and
ocal 1 eqi HSGHEMEARE 1988 [bs SEANYS 35 A1 TIPSE FP ARG RIS BBS: bei ng.
t lid. di t t t,.of.th t i ti , [
provi ded  AVRRRILSHR AeRRN e deans cisrbReed Rt e 1o coer of 1E 2 ot ep
¢ di ot . nt Lpal . . . i vi di
the fi ngor bR EHRIHKiRRRETE VRl TEAS: aflertiphBraodte pt BeuE 1 of
¢ ti L : : . . : X ¢
i dge 11 nesterSeAl Bglort dplerkhfiiPes RERAHID ARSI ERREF o NERRPICRBLT ©
det L £ L , J. ) . p th
ext r act od. i gnd s RLELME hitens WoBEHbI Rk OB KQRENAF PAROHE fgge] thus
ridge line,inai@ RchP$&dion e Wasi distrihindded R shidogistHn&and nting d9age
havi ng the high likelihood of the ridge Iiné as a highly reliable region,
a step of Ssiehonealad.ri dge line image which can be estimated to represent

aridge line, Tfromthe ridge line candidate imges extracted by the ...

extracting step,Aéerdagcto afothbeaspecabf thegprassnt mivieationhtherd feepriovgledy
reliable region, a discrimnating step of discrimnating, for each ridge

| i ne i mage a fingerpaint/pakenprintimagerprocessing mithad chyaptising a stegof reading
selected is valid as an inmage representing a ridge line, and a step of
gener ati ng @ Hngeeprintipaimprintheinrgs, s af  ex@aeting e stameof neliading t the hi ghl y
reliable re%i on and the ridge line i mag% h was .di scrim nated by the

di scri m natiinggrengipalgpsintymagy inte a plarg i%h@ﬁ@%r%@ﬂs and of gxtractigs & i ne,
plurality of ridge line candidate images which represents ridge lines, for
each of the local regions, a highly reliable region determining step of
determining, from the ridge line candidate images thus extracted, a ridge
line candidate image having a high likelihood of a ridge line, and a local
region including the ridge line candidate image having the high likelihood of
the ridge line, as a highly reliable region, a step of selecting a ridge line
image which can be estimated to represent a ridge line, from the ridge line
candidate images extracted by the extracting step, for each of the local regions
other than the highly reliable region, a discriminating step of discriminating,

-for each ridge line image thus selected, whether or not the ridge line image
thus selected is valid as an image representing a ridge line, and a step of
generating a whole image on the basis of the ridge line image in the highly
reliable region and the ridge line image which was discriminated by the
discriminating step to be valid as the image representing the ridge line,

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

-7-




wherein in said discrimnating step, the local region of bheshdaeobi ne
candidate 7 29 August 2005 inmage is discrimnated as being valid if it has
at | east some degree of continuity to the local region determ ned as the
highly reliable region or otherwise as being not valid, and in said

pelecting sten LN thone LIS Send et LR 15 sl eslestebinne
10 o T APt ST OB SR of AR

o v 81n_ SodbUREREEAPRHTERA el RSchr ke ufl e Lhkdagl haghlis e ons

represent  gdgeq bh ﬂ%loc%?feé&g@%fwéé‘Sisk:ﬂfrﬂhatgrﬁg:lxﬁd dis aYmg%Jégﬁb' e

region determning procedu et er m ni ng, e ridge lI'in di date

i mages t hus,&pdingppedali@ i dge |ine candidate i mage having a high
| i keli hood of a“ridge line, and a local region including the ridge line

candi dat e i mage Aawirdihg theydt aRothek edshbeodfothet Bresehtd G@vention, thsreaidi ghly
reliable region, a procedure of selecting a ridge |ine imge which can be
esti mat ed tprolvécte"cmprﬁgramrﬁodgmmg@, cormfjmm thexeoutge procelueaodidivtiing mages
extracted by the extracting procedure, for each of the |ocal regions other
than t he higHiggerptintphbnprant dmage iutios ar plamkty raf pocaderbgienofand of
discrimnating, for each ridge |line inmage thus selected, whether or not
the ridge léxteachmge plurlsyl oftredge dinel damdadaten imagge whigh aspraseny a
ridge line, ,and a procedure  of generating a whole inage on_the basis of
the ridge Iﬁld&eiﬁﬁ% tor tepshniodhthe r lacahbregiorsyi en ¥t eligblggaegiane

I mages whic mere,discrintﬂﬁted b the_discr'ninahin% procedur e af be valid
as the i magietPRpHEREnProgeduse of JéptermiungyHaery thenrigdgeq limes candidsig i ng

procedure, i e Wil exXtabtd] aYidgd find oalfidte Ynazt 1ving & High fikefifood 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 which were discriminated by the discriminating procedure to be valid

“as the image representing the ridge line, wherein in said discriminating

procedure, the local region of the ridge line candidate image is
discriminated as being valid if it has at least some degree of continuity to

the local region determined as the highly reliable region or otherwise as

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

-8-




di scrimnated as being valid if it has at |east some degr 8¢ A@bu&ophs Nui ty
to the local region determ ned as the highly reliable regionor otherw se
as being not valid, and in said selecting procedure, the ridge line

candi date 29 August 2005 image is not selected in the local region that was

v, and o s esR el il Sl by b

| E:ribg]gi 3222ﬁlﬁ‘fﬁlm?‘?ggz‘?ﬁﬁ’r“ﬁnats%q;?gé]rogﬁflﬁm 0 Ithe acg:orrPanyi Pg d_rfl\évit ngs.
enbodi nent 019 t he'® %‘Pﬁ‘@%?ﬂ@?’#ﬂ%@@ﬁ% i ﬁ%@%ﬁ%@%@é&%ﬁﬁ@gt%’%ﬁwe

- oper at | SEERUIENIERE aopall KO8 e foll Ryt Ao BE profebitd [ 211 19
sequence ofersBbaGheRI OF thd iiﬂ%ﬂﬁbﬁe xﬁﬂ@diéiﬁﬁéqéeﬁsethé %%mg?@iag 2; 29

August 2005 Fig. 4 illustrates the sequence of selection of a ge~line
candi dat e idm@@tgsf or a region which was not adopted as a ridge |ine image;
Fig. S5 illustrates the sequence of selection of a ridge |line candidate

i mage in tBrigh deseription oFtlge dawihgystrates the sequence of selection of a
ridge line candidate in the conventional fingerprint/palnprint imge; Fig.
7 illustrates tHEgsetuanca diloskl elisgiam ofofa a i ficgt lennleodianeiitdadfe the t he
fingerprint/palnprint inmage in the enbodi rent shown in Fig - 1;

_ 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 selection of a ridge line candidate image

shown in Fig. 2;
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Fig. 8 illustrates an exanple of discontinuity in which az}agahst2005

I nformation such as a ridge line direction in the fingerprint/palnprint

i mage abruptly changes; Fig. 9 is a flowchart illustrating an operation
of a second enbodinment of the fingerprint/palnprint inmage processing
systemin accordan with the present i nventiop; Fi g.. 10 is.a block

di a?Lam of an eéﬁpﬁfgl AR eFfﬂ&é‘FBPfﬁ@Fﬁ?ﬁ;%f?ﬁ%ﬁ#&ﬁ&% Eislg?arﬁf fsyts';]em
in e pri rt e Fig.: S r .ng an operation o e
prior art q@gﬁ%glgﬁsvﬁgﬁﬁwgﬁ@ﬁ&dbﬁtgd%gl%d—ﬁdéﬁmﬁ%%éfat es a processing of
selection of a rgidg ' éga?l éaif”te | t bRl O .

10; Fig. 13 ill upél 'rgt Lns]ﬁgr%%rrp gséo {r]?%é)gfﬁe?é%@ﬁlsggﬁaga gr%{é‘;ﬁﬁn%ﬁg%l ta,,
having a | e‘iﬁrtl’{@?ﬁf)?artp_e" ail ed description of the invention . Now,
enbodi ments of” the ptesent”invention will be described with reference to
the acconpanyi ngigr @ Wiiitesithd seduerte dfbleetonl bftd ripedinefedndidite irefHeodi ment
of the fingerprint/palnprint i mage processi ng systemin 29 August 2005
accor dance ginivbnfidiel Fingestint/paheptinoimade) Fig. 1, elenments corresponding to
those shown in Fig. 10 are given the sane reference nunbers. In Fig. 1, the
ref erence nunberFigl7dHastpates dse sequeneg ofi sepectionnof a widgehline aandidate in
constitute%homr;{mor_ alive ;ﬁggﬂ&d{ér r%%;'u]g}?_ 1

fingerprintthg irt print umeage, 1n entfs pririgt.Apal nprint i mage.
The reference nunber 12 indicates a local information extraction unit
receiving the filiger§rillosirptesnpni exampiyofi discontiauitiage Whisght dpdeeali1 for

dividing the recejved original f{,nge,pri,nt /,pa'hrrp I nt i,mage into two-
information such as a ridge lin€ direction in the fingerprint/palmprint image

abruptly changes;

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

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

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

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

Fig. 13 illustrates examples of ridge lines such a core and a delta,
having a large curvature.

Detailed description of the invention

Now, embodiments of the present invention will be described with

reference to the accompanying drawings. Fig. 1 is a block diagram of a first
- embodiment of the fingerprint/palmprint image processing system in




di mensi onal local regions, and for extracting fromeach |egalsn83008 2
plurality of ridge |line candidate i mages each of which expresses a ridge
line existing in the respective |ocal region. As described in

JP- A-09- 167230, for exanple, the local information extraction unit 12
perfornms a two-di nensional Fourier transformation for each of the

t wo- di nensi onal |ocal regions, extracts a plurality of peaks correspondi ng

to two- di meRebRIMACe SWHE (e steschb\hiéhtich. fTheFRNtl, Reakentsoforkdiponéiag! toant
Fourier transformation plane, in the order romthe |argest anplitude or

t he | ar gestthesestgywn in Fige 10k given tied sapeeiefernde namibesct s t he
t wo- di nensi onal sine waves corresponding to the peaks as ridge Iine

candi dat e i magedn Figel ytheeeferarenunbler IBdeksigndtes an inagh inputemitawhehr egi on
determning unit for determning a ridge |line candidate having a high
| i kel i hood cain &be i cosstitited, dfr am scaphar abit ¢ difver istganét nferc aealidgt @ i mages
extracted in the local information extraction unit 12 in each | qcal region,
and al so flongeretiat/pabnpyns as Gealmagsyitonoutpet adfingerpriat/palmgeint iimage.
candi dat e having _the high Iikeli_h&%d of the ridge line, as a highly
reliabl e refiorelognersaymbey 2, indicateso a1 dogal o intpraatioy hextractiona Bt  egi on
determning unit 13 eval uates,the degree of .likelihood of the ridge |ine
-10 29 Aug?rg@e%%ﬁ%ﬂgawp Fip dmaeRt ory the ST IPRtcRRt; ate | mages
in each twoy. dj.nmensjional Local region,. and selegts a.ri.dge |i.ng candi date
| mage havi MiVIQiHE. K Besenved - otiel | Fipgeihrapalmpy ey, e o 819  {EST 1" cach
| ocal regiaq . I S | | e i 1.0l nit 13
sel ects a rc[lga&bgquhﬂgocggﬁeﬁ% gﬁﬁﬁg%@ﬂ%ﬂﬁ{é@f@&g@t@@ %%me t he
PLurar 1ty off riddeife baftfiafR1HI8¢ RaliBYShith oRBfisdsF Aligt tBleWiiselfy Al acen!
the respective local region. '

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

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

As described in JP-A-09-167230, the highly reliable region
determining unit 13 evaluates the degree of likelihood of the ridge line

-10-




group detecting.unit 14 selects a local region (adjacent pegieny 280§ acent
to the highly reliable region determ ned by the highly reliable region
determining unit 13 or a group of regions for which the selection of ridge
| i ne candi date has been conpl eted. For the adjacent region detected by the
adj acent region group detecting unit 14, a ridge |line candi date sel ection
unit 15 evaluates continuity, and selects a ridge line imge which can be

esti mat egf(%_oeaagpr a‘e%nhérk;ﬁﬂg’ig _eriééélg, fromd_ri dge |ine candi 1('jlat e images. A
alid re n thar t O HiY candidase Hmages noeathetwo-dge | i ne
- \éan:ji dat e . i nage ected by the ridge line candi date sel ection .unitg 15 is
adopt ed a@mﬁqﬁf’?@sﬂé’cﬁ Fr&98n a1 gsetl?fgsrﬁ Hgse lineecandidpieaigpagrehaviaxg on uni t
16 er - e i f.a fi rpcint/palnmprint. Ipcidentally, the
syst om oririghel fe et B AinSod atifemiase HR ig b oepbresiony Ta: or i ng
data in t S&, Of: S - ry. (not sh and by. readin
out the .cf!g't?sa%g dr@& f‘@@éﬁ@#@‘?ﬁ&%%ﬁeﬁ@g H@}(rt ,%ggeéfb‘étéiq g@pera?i on
7l ow ohar % PRIDRIMGTIHagt haviiy P hieSE anidfifife Trom e phifafig e '° °
- fingerprigde®i et aft, | | 1,01 I mage of
thegfi Ir[:ger pgri nt or@ﬁhgiga%r%%%isoﬁ% ﬁgﬁﬁglc’og?.l"?ﬁ i(gjrﬁor'mt“i%('i)n )%‘?é%@%@hnuni '? 12

(S201). “Broupaimabetiignhinitng beleceyd Iegllirepion (ddidcerlinkkiifty ddigdntqsi ved
original image into - 11 29 August 2005t wo- dr'msn3| onal "I otal Tregions
(S202), &he kighipcrelidhlonregion toterminedndiyorted Highdy fedBibdS feghbnral ity of
ridge line candidate_ i nages each of which expresses a ridge |ine existing
~in that Mstemipgyg vait(ibosp. growp of keions foewiiddithietelectiopasf tidge
extracted are u({)apl led . to the highly reliable

ine candidate has been completed.

For the adjacent region detected by the adjacent region group
detecting unit 14, a ridge line candidate selection unit 15 evaluates
continuity, and selects a ridge line image which can be estimated to
represent the ridge line, from ridge line candidate images. A valid region
determining unit 17 determines whether or not the ridge line candidate
tmage 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 (8201). The local

~ information extraction unit 12 divides the received original image into

L11-




region determining unit 13, the ridge line candidate seleg}irgpudippss 15, the
valid region determning unit 17 and the inmage generation unit 16. Here,

it is assumed that the resolution of the inage supplied fromthe image
input unit 11 is 20 pixels/mm and the local region is a square (See Fig.

3), the length ,of each side of the | ocal.-regi on becones.on the .order of 8
pi) xels to. 'ﬂ@@%@nﬁiﬁ ]Pﬁ@f) CEELOTHY @Pﬂiac?%ﬂﬁg ‘?’ﬁ&a&?d&é’mi el a0 dat e,
as di scl ose LN JPyA-09-167230,.a ] urali for L.V e: i Fnts of
over spocmntional oSl TeBrEA Btk itk Ble SIS URRPE 01 S
fromthe | r RO, : - i - i I ' ve
corres pondiﬁg %x@ﬁé\fé;sj gﬁ%é%?ﬂ% "]rigp)lfc:)ilncﬁfl ﬁll(;sdﬁgégglc%? 2@ zgjga'an‘?ggdeéQﬁa I ne
candi date i hA; a egi 0 : i qﬁlgg | |

candi dat e ilr%%g?h g%dea%@(ei%tlé ctJ[eh Si gkfe?ggtﬁﬁl %%ﬁ?ﬁﬁgéﬁg% Téen, aypgélgr?}ﬁ er
characteri Zﬂegﬂ)ﬂ d&efihiten, 13X ¥hé ﬁﬂg@mﬁbr&nﬂﬁiaw%lé@tﬁ&i Mg 1'5§ﬂidwml_dmi nt

Is calculated and recorded fromthe respective relative maxi mum point.

Now, one ex@ nﬁ@éﬂhﬁg}ﬁﬁammm@m@e deabionenwilld. be described. This
I s descri bedg?jn JP- A-09-167230. First, a%?urri ng that the coordinate val ue
of a (n)th peak Here, licisFassuined thaatie resohutioncaf theenage buppligdfioni thes3,
0_<j<_63) is expressed as (4n(. '), rin(" ")), the local information
extracti on iomge inputcwanit Uil ds 86 pikelsanm, anddbe lodab regiands atsqeanti (Seethign, t he
frequency, and the power in proximty of the peak. -12 29 August 2005 The
anpl i t ude, Inthedengd of ¢ashaide of thenlocakregiorchernrags ontle erder ofdpixelh
proximty of the peak can be obtained in_the follow ng.equations. (1), (2),
(3), (4) arf@ IHpix %slﬁe&lei Gaseyol e¥racting tllezﬂqigﬂmerﬁa,n%lq?ﬁez as gisclgsed =1 G 6
(1) h

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
(0<i<63, 0<j<63) is expressed as (En® ¥, nn® ), the local information
extraction unit 12 calculates the amplitude, the phase, the direction, the
frequency, and the power in proximity of the peak.

-12-




ph nn 'jr) 'd("rJ) n =tan' =tan-' t Re {F(1n,< 1 nn;. ~)) 3802, - - - 6

(3 1 (t.r) n fns, r) (f.,i))2+(n0. 02 n 126%‘41“%#%?5-,6
(4) 4ic2 64 van=, A = 2IF(l, 77) 12 642 (E, 77) Ef(17rn
(5) I'n addition, the full power of T ' 2 O-~) = 47EQ.MIF(, 77)12 ...

(6)
The amplitude, the phase, the direction, the frequency, and the

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

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

ai ot = 2 IFES 9, nf9)12 § =126 = (1)
Im {F(& (-9, plia)}

ph,* 3! =tan"[ } i=1,2,+,6 - (2)

Re {F(& 9, pf-1)}

nn(i- 3)
d,* ‘—“tan"[ ] i=1,2,-,6 - (3)

§ fi. )
a " 1
£ == (E ) 4 (G0N i1 e (4)
64
o 41t? o+
vat:- il — . . . Z 2IF(§: 7?”2
64* (&, n) €{(& ¥, n " ")D 8proximities}
- (B)
In addition, the full power of "f"
A N N TS
- G top pas o M (6)

is also calculated. The image determined from these parameters becomes

as follows:
| n(l’ 3 (x, y)=a, @, 3 cos[ 2 & £}, 4, 9 (x cos(d, G, J‘))
+y sin(dn(l’ J)))—phn(i’ J.)] v (7)
This

g ke, - (8)

-13 -
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~likelihood of the ridge line of all the

X42 =-32 n =-32 is also calculated. The inage determ ned Qgg hesss

paranmeters beconmes as follows: ) gn Q j) (x, y) an (x, .i)y cos[ 2 i fn
(, J)y (x cos-On (i, j) +y sin(dn(", .7)))_phn(x, j) I (7) This fact,
(x, y) f n, ... (g - 13 29 August 2005 becones a candi date

representing the ridge line in each local region. The local information
extraction unit 12 cal cul ates these paraneters for each of all the local

regions: 115363 (ai | " j),phdc. A, ' f,'fva

v-t('. ' . becddds htcaﬁdiﬁage rﬁ;llr%sﬁlﬁ‘trllgg l}lé‘;é trﬂ@e gb? ijg m’aﬁléip' ﬁ%%&é[? |7, the

hlghly reliable region

candi dat e Ioed] defornfdtidh eit'r!&ﬁicbﬁ“r??rﬁlt 2| g ?lﬁﬁg%l gﬂ#g ﬂ,ﬁ@%ﬁlgkﬁyrg l I G Chat e

candi date) and a | ocal region

- (highly reifiabklee i@l e83ion§204) . The ridge line candidate thus det erm ned
and the highly reliable region including the ridge Iing candidate thus

det er m ned} pyte. su&ﬂmed Ihe (adj,,acerm £8g on ﬁpup :}et ecting unit 14,
t he ridge |r‘?e caridirdat € “sel eCt ron ‘Wt 15 nand ge geﬁ@r tion unit

16. In the*highly reliable region determning unit' A3, the degree of
ridge line cand! dat e i mages in

each of all thAs destribedi gnsIPsAsYX L6HESY. the highly reliable region

| determining unit 13 determines a ridge line candidate having a high

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

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

The ridge line candidate thus determined and the highly reliable region

mncluding the ridge line candidate thus determined are supplied to the

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

unit 15 and the image generation unit 16. In the highly reliable region

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

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

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

of the ridge line is selected for each local region, as a highly reliable
candidate image.

In this case, the algorithm is that, as described in JP-A-O9—167230,
the local information extraction unit 12 performs a two-dimensional
Fourier transformation for each two-dimensional local region, extracts a
plurality of peaks corresponding to two-dimensional sine waves having
-different peaks, on the resultant Fourier transformation plane, in the
order from the largest amplitude or the largest energy in the vicinity of
peak, and detects a ridge line candidate image having a maximum
amplitude from the ridge line candidate images of each two-diménsional

local region, as a highly reliable candidate image.

-14 -




“and a ridge |line candidate i mage havi ng the hi ghest degregg alohdi k8h3d hood

of the ridge line is selected for each local region, as a highly reliable
candidate image. In this case, the algorithmis that, as described in

JP- A-09- 167230, the local information extraction unit 12 perfornms a

t wo- di nensi onal ~ Fourier transformation for each two-di nensional | ocal
region, extracts a plurality of peaks corresponding to two-di nensional
si ne waves having different peaks, on the resultant Fourier transfornmation

pl ane, in the Nekflehef I | r4th t.energy in
the vicinity of p’ggﬁ,dﬁ%é@geggggg&lf@gg{e&hﬁggu@ér% %&%@fs%ﬁ’ﬁﬁglﬂ%i ng a
maxi mum adjddehvcde thehi e Pelh ' e igRgy ach o

t wo- di mans?%)ﬂnal | ocal rlggi%rréﬁggl% rﬁ%ﬁ@?@?ﬁébﬂ&cgﬁ%‘ﬁh&e’ew%&. -14 29
August 20assuxied thithe cediat @8sionelli 08teBfcl R ' ' ts all
regions adjacent to the hi gh{gy reli agl e regfﬂgé\ﬁ?%%lgggﬂml%? %%g)‘r?rllp?% it
is  assunslownain &igerd, rinical agigdons ©fdetfeat afngle ihaeRhos ¥ntRldaRl € region
as shown in Fig. 3, local regions of a first sSingle innernost encincture
closely sehosebhaurrgundingithallyighty irelinbler eggion aree ddatcted ed adjagehacent

regions. Succeedingly, whether or not one or nore adjacent regions are
det ect ed, FGE307R5. s SUCREedingly ( whether ook eneyiremore ariyxmtangic&msmmm in

Fig. 3, si |yrality of jacent regions exist, the processing goes
into a s‘hgg&%g()% H!&F%&@?%Zgégé)meizﬁﬁjeéé@lﬁlex%mﬂqe@mp ghewntiing uni t
14  supplyses at dj agent..region infornation.to the ridge |ine candidate
sel ecti pnlblghlst Q%:?% 4 ﬁﬁ'}rﬁ'!e‘tléf)gﬁ . t IGEIONS SXdst PROGISSIMEDBOEBIIQ0, t he
30 oy P stepr8g0t AeBL EhbO Y hhjabBnP YELISR SRl Aeledling tnl? 14" ©2°"
supplies the adjacent region information to the ridge line candidate

selection unit 15.
In the step 5207, as described in JP-A-09-167230, the ridge line
candidate Vselection unit 15 evaluates the continuity in each adjacent
- region, and selects a ridge line candidate image having a good continuity
from the ridge line candidate images, and then, supplies the number of the
selected candidate to the valid region determining unit 17 and the Image
generation unit 16.
For each of all the ridge line candidate images selected by the ridge
line candidate selection unit 15, the valid region determining unit 17
- determines whether or not it is adopted as a final ridge line candidate
(5208), and notifies the result to the adjacent region group detecting unit
14.
Now, a specific processing for determining whether or not the final
ridge line candidate is adopted in the valid region determining unit 17,
will be described.
In this processing, the local information continuity, the degree of

concentration of the power spectrum of the local image to the ridge line
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region, and selects a ridge Tine candidate Tmage having a gaagdusonss nuity
fromthe ridge |ine candidate i nages, and then, supplies the nunber of the
sel ected candidate to the valid region determning unit 17 and the inage
generation unit 16. For each of all the ridge |line candi date inmages
selected by the ridge |ine candidate selection unit 15, the valid region
determning unit 17 determ nes whether or not it is adopted as a final

. ridge line candidate (S208), and notifies the result to the adjacent

regi on gr ditBit ' ' i AP | T [ rm ni ng
whet her orew?\o_t _tﬁghﬁ%éréﬁ(? i%gen \F%,ehggfl@?(gjétdefclt% gg%;etsygﬁi %Q@%@%\%%I id
regi on delibge nwhicliiaid cAdmplifiel by thelamet (it D), R pickh 750sP] gy L he
| ocal information continuity, the ‘degree o concentration of the power
spect r um te phasd pligl ¥ npgercen thBarid 6l el daidde idfhebugiiss edfRaRNd] dat e
I mage, and the ridge line pitch of the ridge |line cardidate 1 nage, which
are exenpandithe highlyereliatslet ridgedting, cdndidabe of tiedh petipherh) highly the
phase phutr, i), between the ridge |ine candidate inage to be eval’uated
~and the hiejrable regicab(ia seadpel andeuceeedingt provessing, berwehethe tighl v
- reliable region (in second and succeedi ng processing, between the ridge
line candilB@rcaniipie 1mpgseta-balavaduatednand ike ridgpeline mandadutedaft theof t he
egion fagr which the sel ection processing has.

2??;23? M@%P@g agqll_le%brlﬁtregi%)fpr avkich teyseleationrorpssingrhasr not
sel et i oty B85 cORugielebh AF £ e nard avalnared “Bed vdbesher s mateu ¢ of
the evalyat jaBe fine candidate image selected by the ridge line candidate
selection unit 15 is adopted, is determined on the basis of the result of the
evaluation. |
| For example, when the continuity of the direction is used, if the
direction of the ridge line of the ridge line candidate image selected in the
local region to be evaluated, is d (0<d<w), and if the direction
representing the direction of the ridge line in the adjacent local region
(the direction of a sum of the directional vector) is d, (0<d,<r), when the
folowing J(d, dp) is smaller than a certain threshold, it is determined to
adopt the ridge line candidate mmage. Nevertheless, the ridge line

candidate image is not adopted.

f2d —2d.|/2 where [d—dn| <m/2

J{d,ds) =
( : )_ {7::*|2d —2dal/2 where {d—dn| > /2

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

spectrum of the corresponding local region image is smaller than a

- 16 -




For exanple, when the continuity of the direction is usedyq
direction of the ridge line of the ridge |Iine candidate |nage se?ec?ed I n
the local region to be evaluated, is d (0sdS7t), and if the direction
representing the direction of the ridge line in the adjacent | ocal region
(the direction of_ a sun1of .the directional vector) is do ( Sit), when
the fol | oveentpin thresheld ,|1§ is pgtergringd, 4o adopttheri g@ﬂ%ﬁ%ﬂl atet Hrlgge

i dge 11 ne Nevapelaes thragiea i candid %‘”d@&?é‘gtee@'r&%aw Borebess, e

| Ghcent T at .Zon”o%' oy "23 b st B s Eidaelisit Cofifat ihBe JS9SFE. % i
lbtdl Srit:ef’ﬁ&bé ﬂ@é‘?lﬁ&ﬁ}%e?% Bohafe STRER DS citfugreddp bee

I s det er% ﬁggg oglg%"ogtt gk%%&ﬁl ne @%ﬁdg’?@nggle&%akg (grt%ﬂiéﬁégel dt hlat
r1dge |Ine @0gifaless.HBIRIIIA bafdRBlCAnaVb Rinbiddpdae | 1ne pitch of the

ridge line can ate i nage the“ridge line pitch is within a

range whi ch can PgiscaiseeiReionOphscass ¢drfi@e éxdttitedtby usilgt ehaidirtlet 0
adopt - the ridge |ine candidate i mage Nevert hel ess, the ridge |ine

candi dat e im@gtionsd ehhradeitiet ambust singty bmmebnmmamoness can be executed
by ‘usi ng the above nentioned characteristics amount singly or in

combi nati on. | n Inhthecoszample soovm inFFigi g, the ptdmssmgcstsﬂs fiepratthetlocal om t he
| ocal region "B". The solid line indicates the |ocal I ons_ whi ch shoul d
be region "B". The solid line indicates the local regions w %mh should be
adopted as the ridge line candidate, and the dotted line indicates the local
regions which should not be adopted as the ridge line candidate. In this
case, it is determined that a remarkably discontinuous local information as
in a region such as a core or a delta having a high curvature should not be
adopted, so that a portion where discontinuity exists is not selected at
once, and the selection processing goes in only highly continuous local
regions.
Thereafter, the processing goes into the step S205, and the
processing is carried out for finding out all the adjacent regions adjacent
to the local region for which the selection processing has already been
completed. In the example of Fig, 3, this processing corresponds to local
region of a second innermost encincture positioned at the outside of the
- highly reliable region. Next, whether or not one or more adjacent
regions exist, is discriminated in the step 5206, and for each of all the
| adjacent regions detected in the step S207, the ridge line image is selected

from the ridge line candidate images. In a step S208, whether or not the

result of selection is adopted, is determined. In this case, since the
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adopted as the ridge Iine candidate, and the dotted |ine badicaLkepos he

| ocal regions which should not be adopted as the ridge |1 ne Candidate. In
this case, it is determned that a remarkably discontinuous | oca
information as in a region such as a core or a delta having a high

iy L taniet e B bbb e bl o
Rl Al A i
ot ocess ng fisdieh Bl et S ol teR e R Bvelaie M pOrdyREL O e
posi ¢ oned SEALREOANHER ythecirefbnr e bih A7 AR R RETERRESn BRGIR 1 .,
not ~one or ?‘arfgﬁb?ﬁgﬁghge gg?Eé QOSlugtdSInd the rﬂiggﬁgﬂﬁéiﬂiiﬂgtei finddieobiiRp S206,

and for each o adj acent regions det n the step S207, the
ridge line 'éfgﬂfer'ls Rat fnadd ofort Btich die keleeticanstosdisihd Magebeerd N a

st ep -S208, %\/n theJr1 %ot thegresult of selection isrﬂgdopt egd, S

determ ned.cdmplbtadgis@aﬁgat@l,nce the - 17 29 August 2005 adj acent region is
I n the second 1 nnernost encincture surrounding the highly reliable region,
- when the conti nuAsw reult,thelproedssiny startatfraan the cégiohe' (i aeshown in Rige pitch
and the phase as nentioned above is evaluated, the continuity of the [ ocal
i nf or mat i or3,ss thath ford eacke tadpagent regpirt, cwheather tdrenph ke ridg hager i dge

| ine candi date i mage to be eval uyated and the ridge_l.ine candi date_inmage of
the peri prhoald belpdeptad, is detpemmined anshowvn by the selid lioe apd dhe detted lings been

conpl eted, Jis.evaluated. As a result, the ' tarts from.gt. regi on
" Cr'rpas shovi the fq:dil@mtng, the process?ng otfthc stepspéf(gf fo 5588 s repe?tte , and 1?%: J

is discriminated in the step S206 that there is no adjacent region, 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
(S209).

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

of those shown in Fig. 3. With this
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3, so that for each adjacent region, whether or not the rhelagoldngos Mage
shoul d be adopted, is determ ned as shown by the solid Iine and the dotted
line. In the follow ng, the processing of the steps S205 to S208 is
repeated, and if it 1is discrimnated in the step S206 that there is no

adj acent region, the image generafion unit 16 generates a whole yjdge |line
i mage on t 1#8 iBdke shewn erabedigent, if the &@ﬁ@mmﬁb%@%d@@%anwﬂﬁévm li ne

candi date sel ectign it 15, the ridge, .line.candidate i gh i .
di scr i m natSaChANGIRg the QH&V 9ﬁ$§1§%ﬁl%r?,r1&¢$ pRssible @ mqmsﬁymﬁwt the ridgenave a
hi gh Iikeli,hood representi.ng the,ri.dge line, or, the.loc I nf or mat i on
b ai ned 1B AR FbE3 Meaipas MG basis il ST ssTectiaanh pandidle
I nci dental Ly, -th i Q i . . as. t |+ i igage in
the st ep sEoNleg WEA SOOEELEd EE G0 BORERIE I e i ey, ShRs PR s
the seque ' | | ' | kot hi s
case. The %§§F? nbﬁﬁ%ﬁgﬁgﬁygggggﬁﬁéb?gégﬁpggg%gﬁgﬁQﬁ?%ﬁﬁgﬁ%%ﬂggggggﬁopted
as the rid | : | ; : ehﬁgg b i+Rd} | Feal
regi ons mh?gﬁhgﬂgﬂF%%agggﬁgﬁe5%%%%%%’as %é?b¢dgeeﬁ?g%€can i%gﬁg. As seen
from conpardripRotialy Weeleoid- Howeved, Fihds Situatibp rufibee afvoiiid est Ithize
regions is smaller”than the nunber ~ of those shown in Fig. 3. Wth this -18
29 August 20Hodimentn t he shown enbodi nment, if the selection at the
discontinuity is avoided by changing the order of selection, it is
possi bl e to propdso in thid @nbodineent, aidy a ridgedinkercandalate intreerhaying s simallt he
basis of the standard of selecting a candidate having a snall difference
i'n a | ocal differancatinahirection toetherndge &ine, cagididate tinmgesial arc adjanentdecal
forcefully advanced even in a | ocal reaion having a small _ degree, of

a8

conti nui t y regionjiggegandad asabeing aadid; aagdevhether bumeblibis a diseonkmuiy i was

often erroneously selected.. However, this sjtuation can be avoiged in this
evaluated from the difference in direction. §1nce n I?ne rlage lfme camﬂgate

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

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

-20-




embodi ment. Also in this enbodinent, only a ridge |ine canglidai& 2bhHHge
having a small difference in direction to the ridge |ine candi date inage
in an adjacent l.ocal region is regarded as being valid, and whether or not
it is a discontinuity is evaluated fromthe difference in direction. Since
in the ridge |ine candidate selectLFn it becones aqteffective

char act er i sOeteciedbulin thejicthen hiangds if thegalection gesulteck in | tigeess gk the
direction is.a ridge line, jt,is possible, by using  the direction
informati othSLCQn-HPS{CYséWed’ét’éc@o ﬁ@c‘?ﬁ%‘a’omi?ﬁﬁqug\m? Flegtion i?é%"sitbfel ity
of failing i mﬁ}.he ridge |ine.candi atE i&tge selection. Furthernore, the
degree of | FKEFHAY GF PIMESTRGLRN PP AEVBFY he sel ected ridge Iine

ree of | PRVFIIG BF EMEHPEGE PPREVEF": | L
Smi?h!hnai e range NI ¢t | oeond Epmadle” B B INRRIR, iffoRiin RRNPRE g °
an; the RRBIAAAC IR o SHSEL o Tue RGN PRESGRmRRE B8} s PR o

ar rangenent OBVERCTon B IEA SHRXf iR TG EIBHCRE BRCSRINE Mool is iR 2

di rection g thakpessl i Fige bepie®d ity AoWHarONlRAUEAY af GRedidn Glibe
quality and a high curvature of the ridge line, it is not finally adopted
because t he seesideemblodihésl bhaed fiabetprntijatiagrint imegée proserking yataeh \in t he
di scontinuity where the selection fail ed, caﬁml;e -2 9 Augugté\jlgOOS

det ect ed. Oactdrdantdhevitinahe predent havestiort rokFig.eSulthedtéps S80t etwos S04t he

di scontinuity, since it is not necessary to performthe selection |ater,

~ the effici earrgspuindtochpstepeS20htp 5204 seowh én Kig @, rdspestivelgecond enbodi nment
of the present invention will be explained. The system of the second
embodi ment has t ktadughly rebiablercandidste and @nhighkhesliableragion includipg thae

rocessi ng nethod js different ] ]
P J highly reliable candidate are determined in the step S804, a variable "SC" is

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

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

example, in the example shown in Fig. 3, local regions of a first single

‘innermost encincture closely surrounding the highly reliable region
correspond to the adjacent regions. Furthermore, whether or not one or more
adjacent regions are detected, is discriminated (S807). Thereafter, similarly to
the first embodiment, for each of all the adjacent regions, the ridge line
candidate selection unit 15 selects a ridge line image from the ridge line

candidate images (S808). The number of the selected candidate is supplied to

the adjacent region group detecting unit 14, the valid region determining unit 17

and the image generation unit 16.
In the valid region determining unit 17, the selected candidate image
is evaluated by a (SC)th evaluation standard (SC=0 in this case), and for each

of all the selected ridge line candidate images, whether or
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fromthat shown in Fig. 2. Fig. 9 is a flow chart illustrga§isng.aBogperation

of the second. enbodi nent of the fingerprint/pal nprint inmage processing

systemin. accordance with the present invention. In Fig. 9, the steps S801

to S804 correspond to the steps 5201 to S204 shown in Fig. 2,

respectively. If a highly reliable candidate and a highly reliable region

i ncluding the highly reliable candidate are determned in the step S804, a
Succeedi ngly, the adjacent

Ygég 32' Srofffgla@@éﬁﬁtr@ gdé;gt'éd(léeéo (Sgi?igeiljn@ghndkieadjiaaﬁﬂ‘tﬂhﬁna&d hi ghl y
oot ons. of B0, GRd k. rdsvlis o SRATLiecemnagon: 15 DhtSied ke the oy : he -
ot hr of RSB Bett A IRAECIA . Sheshibally, simddeti. tor shal Krsti i nat ed
i acent | Consodiént, ShEt vAd ebfon diferrhiibe cubacl T Galnates tbeckoaidi o &

dj acent. regr ons, IPRET BE e Ssbocdt s a
of “The soraey oaiof OPURANIY, e I qKErofo0r, ABASRERIRE bEot mover

of the sel ected candi dat

Generat | orconi 18, 1o o Suppe OMECHAEE M Ratlidase i, 4ME A0 e

generation unit 16.
cano da, rugagan it s g, CSRRLE O AT SEMREEE,
e e e A e o i
di sor i mi ARAER (@ erexalnpied anst the hégtilycesiiable eilgenline @aRJE@IRCH e Unit 14_
Speci fical | simlarly to the first enbodinent, the valid region
det er i nil?FJYHHﬁf?f]P&ﬂ}fa‘PiJab]ésfem,lamladetermﬁmsmn ithe basist oNthid yesulthe degr ee
of - conceniy ale! &hiBhabie Wil 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 regardiess 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
corfesponding to different two-dimensional sine waves, on the resultant
Fourier transformation plane, in the order from the largest amplitude or |
j:he 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 detennihing unit 17 evaluates only

the ridge line candidate images having a maximum energy peak in the

N




spectrum of the local inmage to the ridge |ine candidate iHRgge, ng§he
ridge line pitch of the ridge |ine candidate i mage, which are“exenplified
by the direction, the pitch, and the phase, between the ridge |ine

candi date inmage to be evaluated and the highly reliable ridge Iine

candi date of the. pefipher hly rel.iabl I on, .and deternm nes on the
basi s of tHEOKERIlYtOL ghe PR e@% aig é’ﬁildwﬁéﬁﬁér Brreginn pﬁ@Slrdﬁaf‘sz oo

di dat | ect d by t I di dat t t 15.
The Ltinﬁalﬁﬁ&&ﬁeﬁo e itk s Aendard dfechine ?%e?pie%aﬁﬁééﬁp”?éreused

ni 14 be RS iR of ﬁ}@t?elfetréﬁéﬁ VBB SPRBAG! 2hoar a”i < Changed 1o a
dard.

e St andar . FolnNan, e RRloesoRbRE .58k 160 dS§p§ AR RS e

the adjacenpg ’Fbg%' (?@tcﬁ%g?%?ﬁ‘f‘%an dl%ﬂﬁé‘ﬁnﬁgl él(_]lia%ﬁ'lsrc dutd’ €

adopt ed regar Irec erence tion ocal

i nfor mat i ORyRN iR &ihe @v&iﬁhﬁoﬂ %ta?ﬁéfd){r%e%tég‘ssw %ﬂﬁ O dteinPing 'vﬁﬁether
transformation for each local region, extracts a plurality of peaks

cor r espondigithdtahé dhenmetcanditaé trss tnalopsédas wayAdge dinetitpge ehitheant
Fourier transformation plane, in the order fromthe | argest arrpl | tude or

t he. | ar geststgn88QY, if it it descyinginaicdythaf ompeekmoss dd rentudzionsdo mod exist,

di mensi onal si ne waves corresponding to the peaks as ridge |ine candldate

i mages. | n it i sharged, tot $€=541+ 0 (38400 andehereaifter ndeuvaltie bf "SI (fdf'an onl y

the ridge |line candi date images having a HHX|nun1ener y peak in the -22 29
August 2003hisreasejris gomiparéck Wit predetormingdvedlel of & 3 hd (for expmplegi'dh

consi dered to be wvalid in accordance with this standard bec fafero

regi ons " ar é58dbdndhis sgumplecsiace the value abr'al" innetgregies than
"S", the processing returns to the step S806, so that the processing of the steps

S806 to S809 is repeated.
In this case, however, in the step S806, the adjacent region which was

never selected under the former selection standard (for example, a region

shown in the dotted line in the example of Fig. 3) becomes a region to be
selected under the current selection standard. On the other hand, for each of
all the adjacent regions detected in the step S808, the candidate selection
processing is carried out. In the step S809, the evaluation is carried out with
the (SC=)th evaluation standard so as to determine whether or not the
region is adopted. In this case, as mentioned above, if the former
selection standard is, for example, whether or not the direction difference is
not greater than a threshold, the current evaluation standard is that the regions
are adopted regardless of the direction difference. Furthermore, as mentioned
above, if the former selection standard is that only ridge line candidate

image having a
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Thereafter, the processing returns to the step 5806, the pgagesebgs of the
steps S806 to S809 is repeated. At this tinme, the evaluation I's carried out
with the sane evaluation standard in the step 5809, so as to determ ne
whether or not the ridge |ine candidate imge is adopted as the ridge line
image. In the step S807, if it is discrimnated that one or nore adjacent
regions do not exist, it is changed to SC=SC+1 (5810), and thereafter, the
value of "SC' ("It' in this case) is conpared with a predeterm ned val ue
of "S" (f omaxixanplenerg® peak b8 the. prioxitnlitys o€ xhepenk, $ird Gorisidered se of " SC'
~is not greater than the value of "S", the processing returns to the step

5806, so beatg validphecmuséntevaluathen standard 88Gttthe $8@@nsare epleptedl. | n
this case, however, in the step 5806, the adjacent region which was never
sel ect ed wegnsdlespeffthe epergeinthe yicisityrafpeank(f or exanple, a region shown

in the dotted Jine in the exanple of Fig. 3) beconmes a region to be
sel ect ed underfntﬁ\‘.e &!ﬁprﬁﬁﬂls@&ﬁdjﬁcema@@@mbe@memem Wets phanged or each

f It ' t. ' d ted in th t S808, th di dat

Sl et i ontd PRoESandn; thec ajem o gl and iheratiercpheobslua KE COButh i on i s
I ed ] {. SC=1)th t t d to.d ' '

whet hor cyombreth il dhe i DS B8 the e s £°uEE siset & Bcfhoove, 1 1
th f 1 i . . y | 1 t t t
Girect] orgeRpuRgiadih B HER SELE P InE AN, fr (80§ brefler Bt

val uat i d 4 | . f. th
G recti on e T ence e yete RERCARRUENRL IS RAPRERG BRI TR 1B o, °

R Sogmewn i mel o ke i anacerjion o) s g+ 22 29
consi der edindsdatb selegtioalumdt 15hehectidpe Mincesktididiteonhivhardischimendteat the
regi ons are adopted
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 cbnsidering as being valid is changed. In the first
embodiment, if the region is surrounded by the discontinuity, tht_a
selection of the ridge line candidate image can be no longer performed,
but in the second embodiment, if the selection of the ridge line candidate
image cannot be advanced because the region is surrounded by the
discontinuity, the selection of the ridge line candidate image can be
advanced by changing the standard for selecting a valid region, so that a
ridge line extraction can be performed 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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‘regardless of the energy in the vicinity of peak. In the 5b %)lgéq%@s if the
- adj acent region becones zero, it is changed to SC=SC+l in the step S810,

~and thereafter, the value of "SC' is conpared with the value of "S" in the
step S811. At this tine, if it is discrimnated in the step S811 that the

value of "SC' is greater than the value of "S", the inmage generation unit

16 generates a whole ridge line imge on the basis of the ridge |line

candi date selected by the ridge |line candidate selection unit 15, the

“ridge Iineaﬁamﬂts%ﬁg\ehisqihdoiuﬂﬁéﬁﬁﬂﬂdﬁﬁé O%-gyfrbﬁ‘?tﬁé %?%&1 feBlibRBLE region

determning unit 13 to have a high kel i representing e rrdge line,

or the | owdiichrtherssiddtion b abhget beearediislet hRHTRL ] ction
unit 12 (S812). In this enbodi m?%t, at eacg1 t?&n%hgh‘g regi o%@\%ﬁf%géi S
consi der ethe docaleregain fobwhidle thelselbotiegi aasdimplsied. NAHY, tthUrid%@COWES
zero, the  evaluation standard for considering as being valid is Thanged.
In the filge selasstimean, bief penfomeed ofori s portionndeltichy Hake beceagnt i nui ty,
the selection of tge ridge line candi date i mage can be no | onger

per f or medSWTgYpded by dhecdmsantimsaty innthe ichse [ibat dhecstandand ishthe i dge

I'i ne candi,date i e cann%t e advanced because _ t he r%g;on I s surrounded
by the dIdEEHER NG, o FYBthermose, Bre drgree ab dikelihoodapbithrrudgerage can

2+ dge ke OF, FRECRIEH Tided Teo cagdidfien iiagons cavaMatefuBdher mor 0.
A SO 0L 08 RO PP R Bl con
L0 2k LS S Tl Ot RO L I, Tt

spectrum is concentrated at one point, so that only the ridge line candidate

images having the degree of likelihood not less than a predetermined lefzel

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, since it is not necessary to perform
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candi date image is unconditionally carried out fromthe |ggal [,83hpe for
whi ch the sel ection has not yet been conpleted and which I's adjacent to
the local region for which the selection was conpl eted. Thus, the ridge
i ne selection can be perforned for a portion which has becone surrounded
by the discontinui.ty .in the case that the standard is the dir I on
di £ 1 er ence e splostiohdater, q}%eﬁiw@@f&rf tBPI@PFP&%‘&B&ﬁ“t‘?Feth&&‘éEChF% of the
selected ri.dge ]ine candi | mage i val uated b | scri ni-nat i whet her
or ot ¢ he TbitiecipcRE rePR iR LG s RREED O 24, thf SEleiOR dighel T e,
or by discrimnatin - es R t 0 [ 0 ted at
one poi nt, r]scget ﬁé? %ﬁ\@&{tﬁelmgé%égﬁlﬁgﬁggﬁﬁf%g{ ggﬁ-ﬁ%é@f;{ %%Ig/ll ﬁgee?(%]éea%degr ee
of likelih 0 e ' I I af :hei ng
val i o - ThencEioR e el 1S SEIRKRACHEL Fof ey WRER coiplofblantd Sihieh I8! 1D,
sel ection gfy; ' A1 e iLHBHE sefecidpondl tdomipleted. CRRld,ed out
fromthe I%@'ﬁé&%&)gﬁgfl%?ﬂﬁﬂn C tfﬁ?&g}alf:ect i oSn has not yet” been conpl et ed
and whi ch ithe aipRCIend stRctibh ¢ALBe peefirfied fir a \Woirion tWhicheh&C be@iimeas
conpl eted. Thus,” the ridge |ine selection can bé perfornmed for a portion
whi ch has kagommded byothrdddchmtihbity wides omly nhie syandded ehaethe emerfglyiis
enbodi nent, only ridge |ine candi date i mages having a maxi num energy peak
in the prosimakxymom péek (pealod)are  considered as being valid. Even if the
wrinkle having a continuity in the ridge line direction was erroneously
sel ected in a péncidentdllyi agompotsd progaee tuaccosdaned with the puescitur e of
the ridge lLine, the selection is not adopted because in _nmany cases .the
energy in imeeniakisna pyogram espeking theprorsduse forexerding hermstbedk .
Nanel vy, th% di sconti pui té whege the selection fai I_eg, fan pbe detected. On
12! SCd P&

the ot her AGhdPTQGESEHIE s o Wmestionsd ifmngerguia MPEETG LRGSR i nui ty,
since it i not, necessary to rform
amely, it1s'a prggram or causing a computer to execute a procedure of

dividing a fingerprint/palmprint image into a plurality of local regions
and of extracting a plurality of ridge line candidate images which
represents ridge lines, for each of the local regions, a highly reliable
.region determining procedure of determining, from the ridge line
candidate images thus extracted, a ridge line candidate image having a
high likelihood of a ridge line, and a local region including the ridge line
candidate image having the high likelihood of the ridge line, as a highly
reliable region, a procedure of selecting a ridge line image which can be
estimated to represent a ridge line, from the ridge line candidate images
extracted by the extracting procedure, for each of the local regions other
than the highly reliable region, a discriminating procedure of
discriminating, for each ridge line image thus selected, whether or not the
ridge line image thus selected is valid as an image representing a ridge
line, and a procedure of generating a whole image on the basis of the

ridge line image in the highly reliable region and the ridge line images
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25 29 August 2005 the selection later, the efficiency of Eb‘%u@ﬁﬁ@@@? ng can
be el evated. Then, if the local region which can be sel ected™becones zero,

the selection of the ridge line candidate inmage is unconditionally carried
~out fromthe local region for which the selection has not yet been
conpleted and which is adjacent to the local region for which the

selection was conpleted. Thus, the ridge |ine selection can be perforned

for a portion which has become surrounded by the discontinuity under only

the standawhichhwerd déscrimigted by almaistmﬁﬁ? pR‘ECURR to bROYARNLE! 1y, a
conputer programin accordance with the presen I nvention is a program

descri bi-nghehmagcacpmsnntihgrthexﬁd:ge ling. the method for processing the above
mentioned fingerprint/palnprint inage. Nanely, it is a programfor causing
a conputer to é&deBirmdiengsd adwiie, cacordiigitoi the prebegeinvéntddmaimgs i nt

image into a plurality of local regions and of extracting a plurality of
ridge Ii n;&’(’é%ﬁ‘f&&g Breciaghs amtrast tgnféptmrﬁrm biotheir ianesgiohohavamh of the
det or m i MfEkleS inting; ijeefndozedia withoa: Fidgeslin s n radegion a 11 dge
rogion 1 it RHE RAEE Mot hRviod € daecosneratiisoe Nituelg nes wiliguhor kol | hood
O o | PP R ikt POt Sl 5040 85 B BUBE A G 51 o °
L1 oL koG AR, SORFRBRBCAEL o
el octed, whet e or Retmiing TRy TR Rotble % GV AP BB TE s an
‘i mage r epsedectitn ofja aidgedlige 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 discontiﬁuity exists, is
~ not adopted at once, and the selection processing goes in only regions
baving a highly continuity in the Iocél 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
selected, and therefore, if a standard of selecting such a candidate is used,
the candidate selection is subjected to an' adverse influence in other
Pportions, 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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line, and a procedure of generating a whole imge on the Shsufbhobbe
ridge line image in the highly reliable region and the rigge %‘ne ?mages
-26 29 August 2005 which were discrimnated by the discrimnating procedure
to be valid as the inage representing the ridge line. As nmentioned above,

di tqQ . the, t tion, it iple t | sely,ext t
LT ol B R P B e
ith id | §. di ' i ncl udi i.d | i ne_havi N
o e SR R SRS M i
| ected by the rid |, i -.candi d bl it 1s_adqpt final
et g, MR e R b R B
Lo o AR L RIERRERLTE RSNG00 Tyt

c _ al nas Wb eh
such as a Eéatgrﬁbéuﬁgf’t? kd Fhe vHinRlePwa¥ ditd e Oﬁlgoﬁgié}a#llle%t?dpﬁ&?é%r, iacl;if&a Ic

is a remar I sconti nuous portion 1 nt ormati1 on,

regi on whi chi sltiml ¢hn BOhvERICAdARhRGnvARABRTI Ngly, a portion in which
di scontinuity exists, 1s not adopted at once, and the sel ection processing

goes in only rediees$nvéipidmHad thibésh shotvnund Yesdribdtbwite pdfetetfoertamt i on.
However, since the regions continuously changes and continues at a

di sconti nuithg specifie eshbddimentst Howeegs,it ahbuldder rgiednthat ahe presettect ed
"by selecting the continuous portions as a bypassing route w thout

sel ecti ng amvehtiodi iscionné nvay yimitéd ttbetheedetailscof the dlwitsated tstrucdusesr egi on
was carried out without considering the nature of the region as in the
prior art rtthelanges aaddindstificationagnayl be guadef withémdbei scapd odathe

i nformation nust. he selected, and therefore, if a standard of selecting
such a candppsnded slajgmsd,
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the candidate selection is subjected to an adverse influepgq. i.[:0hHHsr
portions, particularly, in a region where many wi nkl es exi st wever, as
in the present invention, if the selection at the discontinuity is avoi ded
by changing the order of selection, it is possible to properly select the
-27 29 August 2005 ridge line fromall the regions on the basis of the

st andard sselecting a candidate having a small difference in a | ocal
information. In the prior art, since the selection was forcefully advanced
even in g loc "R i lthBrigt S loed c ki t YomPrisifoeal | ne
candi datg1 [ magie fg[%eﬂfirgﬁy %Igﬁ?gtt @a\%rei %dggagggo%%agrroneguslfl@

sel ect edméApwe\feF , rehdling asiﬁng@rpﬁﬂt/dpaimﬁ?&tama d ann eikrastihgvarahonforThe

i nvention has thus been shown and described with reference to the specific
enbodi rremlﬁﬁidj:?vm\eelﬁngietpﬁktmdlm mtnamegde t o ahplumtisenof looakmegmmsi s in
no way limted to the details of the illustrated structures but changes
and nodi findatfoonsxtragtihg meddumalityl roff médge opaeofcantidatapparaged ovhichs. 29
August 2005 Clains; 1. A fingerprint/palnmprint inage processing system

~ conpri si mepresentsantigeorlinesadforg eachi pgeths: ilacabaegimsat ai highly seliable

extracting nmeans for, , dividing the fingerprint/palnpprint ipage inf.q a '
pl ur al i t yegipn| Getarmigigeo sueansn oy odeteNtHERE, %IH @%r’éag? yﬂg? P@r&gaatpi ne
candi dat e i mages, which represents ridge |lines, for each,of .the |qca

regi ons, 1Rageghthus eﬂ‘%ﬁ?@%sr@gir%ffgfaeﬂg?rrpﬁpalji%ah@ag@r hAYiRE nin; %L from
t he ridge.line ngi dat.e i mages thus extracted, a ridge |Jine.gandj.date

i mage ha&lﬂ‘?zjlhé’oﬁlaé% 4 T‘%&Fi d %‘&]aa r];%&a[e Iegin @‘iﬁ%é@? Pgéf:oh%e

i ncludind, LBRfd 485k ASving 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 said extracting means, for each of the local regions other
than the highly reliable region, a discriminating means for discriminating,
for each ridge line image thus selected, whether or not the ridge line
image thus selected is effective as an image representing a ridge line, and
means for generating a whole image on the basis of the ridge line image
in the highly reliable region and the ridge line image which were
discriminated by said discriminating means to be effective as the image
representing the ridge line, wherein said discriminating means discriminates that
the local region of the ridge line candidate image is valid if it has at least some
degree of continuity to the local region determined as the highly reliable region or
otherwise is not valid, and said selecting means does not select the ridge line
candidate image in the local region that was discriminated by said discriminating

means as being not valid.

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

1, wherein said discriminating means discriminates, as being valid, the
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candi date i mage having the high |ikelihood of the ridge kzg ugfst 28 highly
.reliable region, nmeans for selecting a ridge |line inmage ch®can ge
estimated to represent a ridge line, fromthe ridge |ine candi date images
extracted by said extracting nmeans, for each of the |ocal regions other
than the highly reliable region, a discrimnating neans for discrimnating,

for each rjidgd0gidd Nndi@se iidgeSBhoiieth JMRIEREe BetdRient HBe T Hdg linege

i mage thus selected is effective as an image representing a ridge |ine, and
nmeans f ordigetien aoff agridgehidhe intpeet®rbel kealatdds anfl ﬂi&eﬁﬂgégﬁné idigectioage i n
the highly reliable region and the ridge |ine imge which were

di scri m mdt edpdyplsarall ritlgec dine mabpeg sakbrtifferente beihec niov egreater hthanmage
representing the ridge line, wherein said discrinmnating neans

di scri mi hresboldhat the local region of the ridge |ine candidate inage is
valid if it has at |east sonme degree of continuity to the |ocal region
determ ned as the highly reliable region or otherwise is not valid, and

L e e S 1
G @Zglﬂsvbﬁgﬁ’é?lﬂ %aiggﬁ_{;?ipgetfnﬁtn mﬁsﬁeh_ﬁmﬁﬁg 'E,iﬁ%léli?@_%f?@i et i d
bet ween i 5?3@%:&? > ling ?ﬁf@ﬁl.daf? _ir%ﬁge@%ﬁ?é [@%isl i ﬁs??gﬂ;gg @é%@‘i@?éﬁg?eﬁgg
bei ng not oy GREDp BFh8opo Fer SpRERALSEAY JisElByineR, AL PG Refidthe
val uat oS U AhE Byl dERnade gD e LAORIOR Sl B e Tage
on the bgﬁj@d@{erﬁiﬁé@g@véﬂ ne pitch or

4. A fingerprint/palmprint image processing system, claimed in Claim
1, wherein said discriminating means lowers an evaluation threshold for
determining a valid region at each time the valid local region becomes zero in

the local regions adjacent to the highly reliable region.

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

the difference in the ridge line direction.

6. A fingerprint/palmprint image processing system, claimed in Claim
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- 6. Afin

-a deviation of the power spectrum and discrimnates, as beingustabpsl. the
ridge |ine candi date i mage having the likelihood of ridge |liné not |ess
than a predetermned level. 4. A fingerprint/palnprint imge processing
system clainmed in aim 1, wherein said discrimnating neans | owers an
eval uation threshold for determning a valid region at each tinme the valid

| ocal redi,onhbaganesidzdiserimindthgy noeats eeglhenss atipadkelihbod t ok ahtidgkey

reliable region. 5. A fingerprint/palnprint imge processing system

cl ai ned ilmeCbhithe ridgevhimreecandidiate dinagei on rthei bagisnedns ritlgectingl pistleor as

being valid, the ridge line candidate inmage having a difference between

the ridg@ Heviatiagi oédtheopover spectipen) and disgnaninatdse as heing ealidndhenhe

ridge line direction, of a peripheral ridge |ine imge, said difference

bei ng notldgeckinecandidate imagedhaiang, therlikelthaod of sidge Hagingt less Hars el ect ed

in a valid region i,scrimnatjng processing econes zero, said

di scri ni mﬁi@%nﬁ% lemls@ﬂﬁmfrﬁﬁ@d&,caﬁgewm@ Bameé?ct@éremrw B yegion

candi dat .ina&ﬁ .egardless.of he difference in tge ridge. line direction.
SRR ATPRESTIRGye DEFORESs (4705 y Stidh AISCHIMERLINE AmEaRs. 30 26

August 2005 4. .wherein.said di;serihm nati means,. eval.uates the lLi kel idhood

of Uar1 aguserrnitiigh: oh el SR % Ak e d AR S BBl 91T e

line pit . Vi@t of the power spectrum and discrimnates, as

bei ng va?ﬁ%ﬁq‘teﬂgl"graidcfgléag‘?%‘g‘fez:andi date i mage having the |ikelihood of ridge

line not less than a predetermned level, and if the local region to be
selected in a valid region discrimnating processing, becones zero, said

e s I o TR S Bhage RERSA Ly ord Wl O
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
Fourier transformation plane, in the order from the largest amplitude or the
largest energy in the vicinity of peak, and extracts the two-dimensional
sine waves corresponding to the peaks as ridge line candidate images, and said
discriminating means evaluates the ridge line candidate images having a
maximum energy peak in the proximity of the peak, as being valid, and if the
region considered to be valid in a valid region determining process become

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

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

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

step of determining, from the ridge line candidate images thus extracted, a
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7. A fingerprint/palnprint inmage processing system claingglayBudhadsn 4,
wherein said extraction neans perforns a two-di nensi onal Fourier
transformation for each local region, extracts a plurality of peaks
corresponding to different two-dinensional sine waves, on the resultant
Fourier transformation plane, in the order fromthe | argest anplitude or

the | argrige Knewardidutt himagediavihy aohighehkelinoed oftd Adie libeand a local
t wo- di nensional sine waves corresponding to the peaks as ridge line

candi dat eegiondasludatg tisaridge dine wandiduse imggetavingethal highdskdlitwodi efothel i ne

candi date I mages having a nmaxi num energy peak in the proxinmty of the

peak, as riggermeyalsiadhi rélfabldheegionga steposinselettmg ridgbdingahiageiwhighval i d

regi on determning process becone zero, said discrimnating nmeans

eval uat esan fpe astitgéed torepresani alsidgei lingefroas the sidgs Nae icandidajarimages of
[cinity of peak. 8. A fin rint/pal nmprint i

the energy in the v er
processi ﬁgtrﬁste}ﬁgbyctbwmgpw stepy K5 eagh of éb@fqegf)@g@?fg@thsv ety taitvghlynt
"o o 5Pl o Se sl B B 2
' ' ' ' L f h_qf.the I I

e o, SRR e B AT Tl W
| e’ candrEbaEinaatReing e oo £ AR s PnoR et VAL RNRA oot

e ca e 11 . . J . | o o B oed
o v AR iyl il MR OB s W ol 15h,
e 1 dgs b R P B R R e

of the I gesfidg@theNwheichemn shadisdinitatRb¥tep, ¢hé RithBrégish of thetridge line

discrimnating step of discrimnating, for éach ridge 1ine image™ thus

sel ect edcapdidhfecimaye Rodisttimindtedes!baing ivalideiftihlhas aelest edniesdogbe dfas an
T continuity to the local region determined as the highly reliable region or otherwise
as being not valid, and in said selecting step, the ridge line candidate image is not
selected in the local region that was discriminated by said discriminating step as

being not valid.

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

highly reliable region, a discriminating procedure of discriminating, for each
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representing a ridge line, and a step of generating a whobe Aygageos the
basis of the ridge line image in the highly reliable region and the ridge
line image which were discrimnated by the discrimnating step to be valid
as the image representing the ridge line, wherein in said discrimnating
step, the local region of the ridge line candidate imge is discrimnated
as bei ng ridgkilthe findge thas selecledashetemer degteeridge linerimapei thys seletted isocal
region determned as the highly reliable region or otherwise as being not
val i d, arvdhdrasand%ewprmnungm ridge hnelgend i :n@rocediirdadv e gemegrings anot

sel ected in the |ocal glon that was discrimnated by said dlscrlnlnatlng
step as visdlegnage o)rathaj ags of the sidganlinorimagesimtheahighlpuebiabloregienut e a
procedur e of d|V|d|n? a flngerprlnt/paqurlnt |nage into a plurality of

| ocal regnéntheanidgst [iagt images gvhichpwgradisgriminate gl@ylﬂlﬁedléﬁﬁmlaatlagu mages

whi ch repres s ridge lines, for each of the |o¢ egl s a highly
reliabl eW@@‘?‘ﬁH’e&(@t‘f& lmiﬁgtb%%@aﬁrrépmse Ih&g@ ingy qrﬁl@mgedé line

candldatgIII es .t hus ext,ract [ nd .date i e .havin
o L BisdTEa o BracsdnRe, (e logaltsa e affBling mﬂ&ﬁ iPRge S dg
P:gg L;ﬁ date.i av?ﬁr I h Ii ellhood&ff the dge
i gl v r SSEURAEg A Peing ﬁrﬁﬁﬁﬁﬂ_ b 85 e S5 PPk, Aaetetiab cPRfteuickaf anh o
“mges  LedTReRibr feteREREERS e g el tefh DR OhpHBRedsifig R ' ©

of i ser ?’%ﬂﬁéﬁbﬁ?ﬂ %%? selbaing JristdRet HEFIBR Lt CARUR Ahado iR eCLr €
sel ect edgepbeidh B Rﬁialt i6n a8t 'v\f&e d1§6%ﬁﬁ1ﬂe{w& E?'ﬁ@&e&ﬁsbﬁmmahhg as an
i mage representing a rid ine, and a procedure of generating a

i mage on l‘@&diﬁéla% bﬁngh@twﬁm line image in the highly reliable region
and t he rldge I'ine images which were discrimnated by the discrimnating
procedure to be valid as the imge representing the ridge line, wherein in
sai d
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di scrimnating procedure, the local region of the ridge |baaueandogst e
image is discrimnated as being valid if it has at | east sone degree of
continuity to the local region determned as the highly reliable region or
ot herwi se as being not valid, and in said selecting procedure, the ridge
line candidate image is not selected in the |ocal region that was
discrimnated by said discrimnating procedure as being not valid. SYSTEM -
AND METHOD FOR PROCESSI NG FI NGERPRI NT/ PALMPRI NT | MAGE ABSTRACT A
fingerprint/pal nprint inmage processing systemand nethod, for |ocal

regions (12) other than a highly reliable region(13), a ridge |line inmge
whi ch can be esti mt&HSﬂdEk@%MéME’H{GIMEé)RiBﬁ(S&E&%M ed (15) from

ridge line candi date i npgS;ERPRINTEPRAMIRIGT IRABIGRf the selected ridge
line images is valid as an inage representing a ridge line is

discrimnated (17). Thus, a whole image is generated (16) on the basis of
the ridge line image in the highly reliable region and the ridge line
i mage which was discrimnated to PeBS3RACIIh the other regions. Fig. 1

A fingerprint/palmprint image processing system and method, for
local regions (12) other than a highly reliable region(13), a ridge line
image which can be estimated to represent a ridge line is selected (15)
from ridge line candidate images, and whether or not each of the
selected ridge line images is valid as an image representing a ridge
line is discriminated (17). Thus, a whole image is generated (16) on
the basis of the ridge line image in the highly reliable region and the
ridge line image which was discriminated to be valid in the other

regions.

Fig. 1
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