1 7 Septenber 2005 TI TLE OF THE | NVENTI ON FI NGERPRI NT/ PALMPRI NT | MAGE
PROCESSOR AND PROCESSI NG METHOD BACKGROUND OF THE | NVENTI ON  Techni ca
Field of the Invention The present |nvent on rel ates to a7 September 2005
fingerprint/pal nprint inmage processor, cessing nethod, and processing
programto be used for fingerprint |dent|f|cat|on flngerprlnt
classification, and palnprint I dentification. Description of the Related

Art Conventionally, as .a nethg g %ﬁ% utonatlcall extracting ridge
i nformation |nclud|ng rldge di ret ne ahige ¥¥HB§ ﬁ??ches froma

and-devi ce. ar e di ol EaNCH BT ARLit B nHGs Ba ROk, 18765532, "and &
fingerprint pattern ClaSSIf!Catlo@§€%§%%ﬁ§?b&%g% elaxatlon met hod was

proposed by Kawagoe et al. in the En Processi ng Soci ety of
Japan (first termof 1981). The ridge direction pattern snoothing nmethod
and device are based on the energy mnim zing principle, wherein

eval uation functions are SetBh@kG%bh%%tb%n§H%Xt&%%%ﬁ%d&r0”‘ each
t akil ng

t wo- di nensi onal | ocal region set on an inmage by t he degree of

reliability Bécionieas U fo1 a8k thfe eMAldMiA functions are minimzed for
snoot hing. On the other hand, in fingerprint pattern classification by -

means of the The present invention relates to a
fingerprint/palmprint image processor, processing method,
and preecessing program to be used for fingerprint
identification, fingerprint classification, and palmprint

identificatidn.

Description of the Related Art

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

in fingerprint pattern classification by means of the



7 Septenber 2005 2 relaxation nethod, information on directions extracted
from each two-dinensional |local region set on an imge is_snoot hed by
nmeans of the relaxation nethod. However, in the nethod di%s2¢rsaBberi2Q05
Japanese Patent Publication No. 2765336,2when snoot hi ng an i mage i ncl udi ng
creases, surrounding regions nmay al so be snoothed in accordance with
creases, resulting in enphasized creases. In the art described in
fingerprint pattern classification by neans of the relaxati on nethod, the
rel axati on neehaslatsonusethad, ai mébivmeat fam cmodt teaigi dnd cn|Etdoredfrom
directions extracted fromeach |ocal region, however, in this nethod,

snoot hi ng negage bpptdedensiomay rveabesegien sxt stn axn ogsage 8 de range of
the fingerprint in parallel to each other at simlar pitches in accordance
with the cre®Beathed b¥ianeans ofriehgaehayatpormitiséded. Therefore, the

i nventor of the present invention proposed a fingerprint/palnprint inmge
processor which cafPWe%&¥ acin athe d@@:h%gtisqm%c?fimgbﬂmﬂ&ﬂq Fe gt nt

i mage w thout ipfluences fromcreases in Japanese Unexani ned Patent

Publ i cati on RBP11eFt 3R 6230274383 he ek eaepthing A sErgs iflading
publication, an inputted fingerprint/palnprint image is divided into a
plurality of SCHRY¥TKs, SURPEIMIRE HSIIPRT RIYRLIANRE FRALIFD Wit ect ed

from each bl ock nd anong t he detected rjdge candi dates, i dge candi dat es
that can be SCEOFEARES MHLEY oS Tod SR IR B IRDASIASHI TREATRE 1 | dge

candi dat es g é%gegfgrﬁégcribed in fingerprint pattern classification

| by means of the relaxation method, the relaxation method is
‘used as a method for smoothing information on directions
extracted from each local region, however, in this method,
smoothing may be applied to many creases that exist across a
wide range of the fingerprint in parallel to each other at
similai pitches in accordance with the-creases, so that the
creases may be emphasized.

Therefore, the inventor of the present invention
p;oposed a fingerprint/palmprint image processor which can
extract a ridge image from a fingerprint/palmprint image
without influences from creases in Japanese Unexamined

- Patent Publication No. Hei-9-167230. In the processor
disclosed in this publication, an inputted
fingerprint/palmprint image is divided into a plurality of
blocks, and a plurality of ridge candidates are detected
from each block, and among £he detected ridge candidaﬁes,
ridge candidates that can be securely judged as ridges and
the blocks including the ridge candidates are determined,
and candidates in other blocks matching with the determined.

ridge candidates are selected. The ridge patterns are



and candi dates in other blocks matching with the determ ned .r.idge

candi dates are selected. The ridge patterns are 3 7 Septenber 2005
spatially continued with each other and the crease patterhSeptgpRerf9si al |y
continued with each other, however, gererdlty, creases and ridges are not
continued with each other, so that candidates that can be securely judged
as ridges are detected, and candidates matching with the detected

candi dates are sele§§ed anpng ot her | ocal candi dates, whereby it becones
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candi dat e i mage ecting part 12, continuity eval ng part
clustering paftrddhonARAitH WSlisfval uating part 15 of the sane

publication. The
Fig. 1 shows the relationship between the parts of the

abovementioned fingerprint/palmprint image processdr. Fig.
1 corresponds to Fig. 9 of Japanese Unexamined Patent
Publication No. Hei-9-167230. However, for easy
explanation, Fig. 1 is a simplified drawing of Fig. 9 of the
same publication. In Fig. 1, reference numeral 11 denotes |
an image input part, reference numeral 12 denotes a local
information extracting part, reference numeral 13 denotes a
highly reliable region determining parﬁ, reference numeral
14 deénotes an adjacent region group detecting part,
reference numeral 15 denotes a ridge 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 cluster evaluating part 15 of the same publicatioh. The
adjacent region group detecting part 14 and ridge candidaté
sglecting part 15 correspond to the 6ptimum ridge candidate
image selecting part 17.

Fig. 2 is a flowchart showing the operation of the



adj acent region group detecting part 14 and ridge candi date selecting part
15 correspond to the optimumridge candidate image selecting part 17. Fig.
2 is a flowhart showi ng the operation of the 4 7 Septenﬁ%%ngUgﬂﬁpgéessor
of Fig. 1. In Fig. 2, the inmage input pér? 11 reads-in a
fingerprint/palnprint as an image, and supplies it to the |ocal
I nformation extracting part 12 in the form of a digital imge (S701). The
| ocal infornation extra t%ng art_ 12 divides the inputted original inmage
cat reg

into two- diﬁ%ﬁg?gﬁgf ? Toﬂ§1€§fb2fﬁ §ﬁ& _ §QF§P&tp & idy of
(hever nat t er PERAFERS A F SRR I HEL Falmir e &5 i cdyedar Goye. supias = O

nunbers are attagh t c cted ridge candi date j e...Th
extracted ri %e%cgﬁ%i g% %fi %nagggsﬁ%?leo% u%’b‘fl?%%t B i fgﬂ?j’s‘ rts gkﬂré“
regi on detegmi Ri : iegfq. ndi-gat legti rnt. 14 nd. .l nmage
generati ng pgglglgggggé%e%%?%el . %?thg%%igﬁﬁél réF?%gﬁgnggfgﬁ%agtlng

determ i ng pat 13, ar) 8 cenel ARbes Ll les SR lde s) b De def i ned

as ridges anong a plurality candi ocal regions

i ncludi ng t hgimeh896sal M EAY F&biGhd e $Ag PNs) cﬁr%i%&{g;eﬂgg&déﬁ% and

t he ridge candi dates and | ocal regions are supplied tot acent “regi on

group detectbfyinagés 1¥hat i e Saih gt SARGINY Pilded Bxiid dgdTaee
generating part 16, respectively. The adjacent region group detecting part
14 finds alleach local region (hereinafter, referred to as ridge
| candidate images) (S703). Numeral numbers are attached to
each extracted ridge candidate image. The extracted ridge
candidate images are supplied to the highly reliable region
determining part 13, ridge candidate selecting part 14, and
image generating part 16, respectively. In the highly
reliable region determining part 13, ridge candidates that
are highly 1likely to be defined as ridges among a plurality
of ridge candidate images and local regions including the
ridges (highly reliable regions) are determined ($704), and
the ridge candidates and local regions are supplied to the
adjacent region group detecting part 14, ridge candidate
selecting part 15, and image generating part 16,
respectively.
The adjacent region group detecting part 14 finds all
1ocal regions (adjacent regions) adjacent to the highly
reliable regions (S5705). For example, as shown in Fig. 33,
when the highly reliable regions (shown by dark hatching)
are found, the regions (shown by light hatching) adjacent to
the highly reliable regions are detected as adjacent

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



|l ocal regions (adjacent regions) adjacent to the highly reliable regions
(S705). For exanple, as shown in Fig. 3A, when the highly reliable regions
(shown by dark hatching) are found, the Jegions (shown b Senteber?APEni ng)
adjacent to the highly reliable regions are detected as adjacent regions.
Next, ‘it is judged whether or not the nunber of 5 7 Septenber 2005 adj acent
regions is one or nore (S706). For exanple, in the exanple of Fig. 3A

o1 ogr esses AT antorrel S g Tor R RGn, SRrmBLSCaR the.
| mages for eag 1%’1 e 3bf HF']&% aéj.iacseﬂ{cé LR e Clllc@é *Lfi—. Tﬂeg,g%n%a?% | date

sel ecting part and 't i ege ‘generating part

sel ected canghp@teninhed s k@ iﬁﬂe@éagjja g,cen q:'cﬂ%ﬁ)ﬁela G X‘i'&ge

processing is carried out for t reglon A of

candi dat e hayhaged se Coatdatdd yaﬁ&@%%e?%a%{mﬁﬂé @L%ge%a%'rd@a%h' gages

1 through 6, and In this case, the Tcandidate inage 2 1s sel ected. Next
the process £Bl UERS 4d@jacdidb réfitbii [dedR8RRChY @ e HiiRey da@lkﬂllaelt% r egi on
or a local region selection for which the process has ended, all adjacent

regi ons thatselectindg heardi Py yad@limabl endRgigiferai@ing @mx&naesalsect ion for
whi ch the process has ended are detected. That is, in the case of Fig. 3A

al | regi ons neidificshtof ocheovmsl exittes danditty eummﬂisy found adj acent

regions are found. Next, it is judged whether or not the nunber of

adj acent regi ons iEDKn&g&mplﬂmwwhan SHglidated wedection processing is

" carried out for the adjacent region A of Fig. 3A, a

candidate having high continuity is selected among ridge
candidate images 1 through 6, and in this case, the
candidate image 2 is selected. Next, the process returns to
5705, and with respect to a highly reliable region or a
local region selection for which the process has ended, all
adjacent regions that are neither highly reliable regions
nor regions selection for which the pfocess has ended are
detected. That is, in-the case of Fig. 3A, all regions
adjacent to lower sides to the previously found adjacent
regions are found. Next, it is judged whether or not the
number of adjacent regions is one or more in S$706, and when
the number is one or more, ridge images are selected from
the ridge candidate images of all adjacent regions in S707.
Then, processingrfrom S705 to S707 is repeated. When “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 (S8708).

In the fihgerprint/palmprint image processor disclosed



candi date images of all adjacent regions in S707. Then, processing from
S705 to S707 is repeated. Wien "NO' is judged in S706, pr¥péesbegifas
ended for all local regions, so that the inmage generating part 16 creates
a whole ridge inmmge by using the sel ecteé candi date i nages as shown in
Fig. 3B (S708). In the fingerprint/palnprint imge processor disclosed 7
Sept enber 2005 6 in Japanese Unexam ned Patent Publication No. Hei-9-167230

of 1997 nentignggpakeye, Uhdxabi as Slentt Caxti@ati dri d@es HaM-1h w7230

-influence fromcreases, however, since ridge inages are determ ned for

each | ocal regi 099Dymérki mged hebowontithuid Yoo dib lad | tac entt veegi ansigEss
inmportant, at a portion including ridges with great curvatures such as the
core shown vhtlFogt #UAf bnende Tedn ashoves, mdwarerB,slinmege 1 dgendindatess

i ncluding creases with good continuity may be sel ected rather than inmages

i ncl udi ng rigyesdevermivied fhe sadydrerle alan nedipking the a failure of
ri dge extraction, SUMVARY OF THE | NVENTI ON Enbodj ments of the present

i nventi on seeRNEBNPEBYI WEtR ad]arRthrist i Pat ot i P PriciEss Gt #hdPPoEssi ng
nmet hod, and a rogram fherefor in which ridges can be accurately extracted
even from rebﬁ“‘%ﬁ‘éd}%‘él RIS &' Wikt oS el SrPPbrAs dAE i99%Udi ng

ridges with b gh cUrvaryre, Aeodifg {0 Sl st RSl {ligd nvention.
' candidates including creases with good continuity may be
selected rather than images including ridges even when the

ridges are clear, resulting in a failure of ridge

extraction.

SUMMARY OF THE INVENTION

Embodiments of the present invention seek to provide a
fingerprint/palmprint processor and processing method, and a
program therefor in which ridges can be accurately extracted
even from regions including a mixture cof creases and
pértions including ridges with high curvatures.

According to a first aspect of the invention, there is
provided a fingerprint/palmprint image processor comprising
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 possible ridges
for 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 including the determined candidate images as highly




provi ded a fingerprint/palnprint imge processor conprising a reading-in

part for reading-in a fingerprint or palnprint as an inage; an extracting
part for dividing the fingerprint/palnprint image into | dc¥ipteneyr 888> and
extracting ridge candi date i mages showi ng possible ridges for each |ocal
region; a determining part for determ nirnd —candi date i mages that are
highly likely to be judged as ridges anong the extracted ridge candi date
i mges and | ocal regions including the determ ned candi date i nages as

highly 7 Septenbgsl@005gtons; reljedy g eginston juddging whasthefrorn dcadgi ng
whet her | ocal regions other than the highly reliable regions are ridge
excl usi ve regeghsnoroctieastehand ré dgeyh x ek riedi lens agitdnsa ana xtidige of
creases and ridges; a selecting part for selecting candidate inmages that
are supposedexolghove risgesns amngredee rand e chadimdates] inwagesn shasdd én
evaluation criteri a@gr ovided for each ridge exclusive region and crease
and ridge nmiRbEtRegi oh; CEERPSS guNeratdIrs par tsFlecigaeraithdora whol e i mage
based on the candidate images of the highly reliable region _determn ning
part and theSebpef Had canitate stragaed il @i s%%%&fieﬁjg%ﬁarstho‘%éé&g&isng to
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candidate inpges; 30OW NG PSS LS T4.0085 e8GR cAle "RY Yenerating
a whole image based on the candidate images of the highly
reliable region determining part and the candidate images
selected by the selecting part.

According to a second aspect of the invention, there is
provided a fingerprint/palmprint image processing 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 possible ridges for each local regiocn,
détermining 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 regions are ridge exclusive regions
including the existence of ridges only or crease and ridge
ﬁixed regicns including a mixture_of creases and ridges;
‘selecting candidate images that are supposed to show ridges
among ridge candidate images based on evaluation criteria
?rovided for each of the ridge exclusive regions and crease

and ridge mixed regions; and generating a whole image based




determ ning candidate inmages that are highly likely to be ridges anong the
extracted ridge candi date images and | ocal regions including the

det ernined candi date images as highly reliable regions; 7 Ysimher ¢beX her

| ocal regions other than the highly reliable regions are ridge exclusive
regions including the existence of ridge8 only or crease and ridge nixed
regions including a mxture of creases and ridges; selecting candidate

i mges that are supposed to show ridges anong ridge candi date i nages based
on eval uati oh GiHd efdralidereviidedidonofeathk ofighhe meddabdxclragiive regi ons
and crease and ridge m xed regions; and generating a whole i mage based 7
Sept enber 2033 Brdmithe sdandicdat e Harages!iofsttehd raioglsl welelatahl énr &gieon
determ ning step and the candi date i nages selected in the selecting step.
Accordi ng t ceadtiings st of the invention, there is provided a program
for causing a conputer to carry out processes for dividing a .
fingerprint/pal mfdaardifeyed it Fhiltst AAsnasg Gfs thed lewerddOing theggels
candi dat e i mages showi ng ridges fromeach |ocal region; determning

candi dat e i FIGEEdah& BHWHHHIGE ISRENG & FETFGEs TR ©h&YExt r act ed
ri dge candi date i nmages and | ocal regions includi t he . det.erm ned

Candl dat o | G e s POl & aOTasrEE Ly g S HEE TenaBEr egi ons

RS L T B i kT R
including a g urs Qf Cr8AseANddd49654e18 500 10 capdidale rBges
- 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
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 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 the highly reliable region determining process and the

candidate images selected in the selecting process.

BRIEF DESCRIPTION OF THE DRAWING




that are supposed to show ridges anong the ridge candi date inages based on
evaluation criteria provided for each of the ridge exclusive regions and
crease and ridge mxed regions; and generating a whol e ihigperizs@80%n t he
candi date images of the highly reliable region determning process and the
candi date i mages selected in the sel ectt i process. BRI EF DESCRI PTI ON OF
THE DRAW NG 7 Septenber 2005 - 8a Fig. 1 is a block diagramshow ng a
conventional fingerprint/palnprint imge processor; Fig. 2 is a flowhart
show ng the oper atiicpn 10fid he bilecnvelitigral Pprecesser @nvrtichalFi gs. 3A
and 3B are drawi ngs for explaining processing for selecting ridge inmages
of Fig. 2; -fihgkrSeptreanherimintFiigagadhaneABigre draw ngs show ng
exanpl es of portions such as core and delta portions including ridges
with great curvathiires;2 Fig.a 5 lievcharawhoy ishowihey doveadormst rafcttiben of a
fingerprint/pal nprint inmage processor according to an enbodi nent of the
i nvention; FQveRrbioral madratosiidniiig t He operation of the enbodi nent
shown in Fig. 5; Fig. 7 is a drawing show ng an exanmple of a i
fingerprint/pal npridht- iHageha\A mF S RN AUiISHF 1@ 1 TG B TP ¢ éases
and ridges aInd reg_Li ons, | ncl_uddi n% t he ' '

idge

or se€lecting r mages of Fig. 2;



exi stence of ridges only; Fig. 8 is a drawing showing the results of"
judgenent of the fingerprint/palnprint image of Fig. 7 by a region
feature judging part 17 of Fig. 5; and Fig. 9 is a draw ngSéntemiexgle$ ni ng
power of |ocal inmges. THE PREFERRED E MENTS OF THE | NVENTI ON The
preferred enbodi nents of the present invention are explained belowwth
reference to the acconpanying drawings. Fig. 5is a draw ng show ng the

. construction of a tingergrint/Ealnprint i mage processor relating to an

embodi ment of the Fha¥¢8nt #Bnan¢ N3k yre Frawbngs nphayipg| examekes A% ached to
t he sanme conponents as ipn the conventional processor of_ Fig. 1. In Fig. 5,
the i mage i nBRFEHEPE FYCPoRS GOLR amRRrd®ttd| Herkianseinebadng nridges
fingerprint or, . pal int as,an inmage and inputs the fingerprint/pal nmprint
- 10 7 Septgﬁﬁgrgﬁggg FHRYBEUSRR7 | ocal information extracting part 12
divides the fingegprint/palnprint.original i e inputted fromthe i mage
i nput part into tm%gﬁr ns? of o= LAY %hﬁﬁ%ﬂ%?Egﬁdc%é%?EﬂﬁEﬁoQi?#lﬁeﬂity of
ri dge candi date_J A ing.rid xisting. in each lLocal, region from
each | ocal rg%ﬁgﬁgsggﬁt?€§£%%?%§£agﬂ%?ch%é%%g§ﬁrJ%ﬁ%%%é%nihgid%?ned Pat ent
Publ i cati on meohghéﬁg'3ﬁ7gﬁg’i {@h£f§§1 information extracting part 12

r

appl i es two-di nensional Fourrer anstofm to each two-dinensional |ocal

region, extracts apphur@lisya £foReakse CRESERGNAMD Gop@r A {de &N tine

t wo- di mensi onal sine
embodiment shown in Fig. 5;

Fig. 7 is a drawing showing an example of a
fingerprint/palmprint image having regions including a
mixture of creases and ridges and regions including the
existence of ridges only;

Fig. 8 is a drawing showing the results of judgement
of the fingerprint/palmprint image of Fig. 7 by a region

- feature judging part 17 of Fig. 5; and
Fig. 9 is a drawing for explaining éower of local

images.

THE PREFERRED EMBODIMENTS OF THE INVENTION

The preferred embodiments of the present invention are
explained below with reference to the accompanying drawings.
Fig. 5 is a drawing showing the construction of a
fingerprint/palmprint image processor relating to an
embodiment of the invention. In Fig. 5, the same symbols
are attached to the same components as in the cbnventional
processor of Fig. 1. In Fig. 5, the image input part 11 for
a scanner or live scanner reads-in a fingerprint or

palmprint as- an image and inputs the fingerprint/palmprint



waves anong peaks at the Fourier transformng plane in order from peaks
wWth greater anplitudes or energy in the proximty of the peaks, and
regards the two dinmensional sine waves correspondi ng to % bepieretk308% ri dge
candi date i mages. The highly reliable redfom determining part 13

determ nes ridge candidate imges that are highly likely to be ridges
anong the plurality of ridge candidate i mages of each |ocal region, which
have been extracted by the lLocal information extracting part 12, and

det er m nes | d®ager efilhd ocadc igdorgasdon extaegiiad pagds 1ds divddey the
reliable regions. As ntioned in the abovenentioned publication, the
highly rel i SbNECTREFBH RRVSRTN: (REEMak inags dartted frayehe dmfamt e
i mages in each tmo-digensional regi on regardi ng _ the degrees of. likelihood
of being ri dyBRYT PRI E IR S dhdensitfiaia @ SaaFe@IIRRE nh eGSR
degree of |ikelihood. of eing ridges. of each | ocal region., In this case,
the highly 7 P Lup? 1?%99}(;%36&%%%}# tR rimeges Shawidg i hHiddesindi dat e

i mges with t est lj t udes anon he ridqge - 11 7 Septenber 2005
candi date i n%ggssgioﬁge%%he%ggéocr iro‘?ﬁmfﬁettrafﬁ? Togh rFegqldﬁ'b gg?&ti ng
part 14 dete I 0¢: cal. ons)_ that are neither highly
reliable re%%%nn%f%ét% n%fl%&(dbs%cfhlel{ E':Fa%ﬁnyésree! I%eﬁ@% oé:ﬁbee‘{}er m ni ng
part 13 nor peselciemdif | hofliahdiAfe Gaddpln iHgshade been

sel ected anong Tocal regions adjacent td the I"ocal regirons 1n which ridge

candi dat e | n@gesadens; heant 3¢ eifRtes HRIRIDAIE RN od NI TSR RE! A hls, ar e

referred to as
to each two-dimensional local region, extracts a plurality

of peaks corresponding to different two-dimensional sine
waves among peaks at the Fouriér transforming plaﬁe in order
from peaks with greater amplitudes'or energy in the
proximity of the peaks, and regards the two dimensional sine
waves corresponding to the peaks as ridge candidate images.
The highly reliable region determining part 13

determines ridge candidate images that are highly likely to
be ridges among the plurality of ridge candidate images of
eéch local region, which have been extracted by the local
information extracting part 12, and determines local regions

- including such candidate imédges as highly reliable regions.
As mentioned in the abovementioned publication, the highly

| reliable region determining part 13 evaluates the ridge

f Qandidate images in each two-dimersional region regarding
the degrees of likelihood of being ridges, and selects ridge
candidate images having the highest degree of likelihood of
being ridges of each local region. In this case, the highly
réliable region determining part 13 selects ridge candidate

images with the greatest amplitudes among the ridge



adj acent regions. The region feature judging part 17 judges all adjacent
regions as to whether or not the regions are blocks including a m xture of
crease and ridge i mages based on local information from7Septdngdeal005
information extracting part 12. Concretélyr judgenents as to whether or
not the regions are blocks including a mxture of creases and ridges are
made so that if a value resulting by dividing the anplitude of a ridge
candi date image wWith the greatest anplitude or energy around a

cor r espondi néfpdidrtaitingges Rfurdash glaged egilp@.anpl i tude of a candidate
with the second greatest anplitude or energy around a corresponding point
at the Fourier plame iadigranteradian Srpueddesestiay pamtedtoldgtechs bl ock

i's judged asaf%crease and ridge mixed block, and if the value is |arger,

the bl ock i s2Thdyerfhiot(1espharegiaqnsls &hdtd aned ge ikhead hiobdy. rpﬁéﬂb&i%t ;bl e

ridge candidate selecting part 18 selects ridge candi dates based _on
eval uation cIF9EMS ‘f% rf%rlgecgi% i Yed&t136d& regdgrosleteradedngance

brocessor 5 B O AT, o, 4 H0en slien oy PSDITIER al | he

o e St a0 Ble OGP LA AU CORL IR B8 28a

2 oceeun®; A5tond TP Wi, AR PN becrea.
Hereinafter, thus detected blocks are referred to as
adjacent regions. The region feéture judging part 17 Jjudges
all adjacent regions as to whether or not the regions are
blocks including a mixture of crease and ridge images based
on local information from the local information extracting
part 12.

Concretely, judgements as to whether or not the
‘regions are blocks including a mixture of creases and ridges
are made so that if a value resulting by dividing the
amplitude of a ridge candidate image with the greatest
aﬁplitude or energy around a corresponding point at the
Fourier plane by the amplitude of a candidate with the
- second greatest amplitude of energy around a corresponding

point at the Fourier plane is smaller than a predetermined
threshold, the block is judged as a crease and ridge mixed
block, and if the value is larger, the block is judged not'
to be a crease and ridge mixed block. The suitable ridge
candidate selecting part 18 selects ridge candidates based
on evaluation criteria that are different for each local

region in accordance with the results of judgement by the

region feature judging part 17. The processor 5 of Fig. 5




6. In Fig. 6, first, the image input part 11 reads-in a fingerprint or

pal mprint as a digital image, and supplies the fingerprint/palnprint
original inmage to the local information extracting part 713ep(egi@t 005 he

|l ocal information extracting part 12 di\i2zdes the abovenenti oned inputted
original imge into two-dinensional |ocal regions (S202), and extracts a
plurality of ridge candidate i mages showi ng ridges existing in each

t wo- di nensi onal | ocal region fromeach two-dinensional |ocal region :
($203). The temppraradyrbtigeesadatalatte tmgexidie stpp iel nmadssinighl y
reliable region determning part 13, region feature judging part 17,

sui tabl e r|dgét@aﬁdﬁﬁafégﬁn@g%l%%l@mﬂhr&b@ﬁﬂk sigch QﬁuﬁlﬂmmgumgenEratlng
part 16. Herein, when the resolution for input imges of the imge

i nputting paP?CﬁSPgYse@n@or?@d%Tm I'Phe drta ovainegesfans e datato be
square (see Fi ., the length of one side of the |ocal region becones
apprOX|nateI9rgc?ﬁ?bﬁ§h 32 pixels. Wen extracting ri dge candi date i nages,
as nentioned in J@gxgese Unexam ned Patent Publication No. Hei- 9-167230,

a plurality of i maye*povBPRSHeER rRAE Ik §’r§ﬁel}1bc?é?qué‘é‘! dish

order 11 om NESBEL BRA2 8% eadftgféﬁd%%%w; Ul B S e

I RN N A L

CharaCter'Z'fﬂn&éfﬁrfﬁ¥egrCﬁﬁiﬁﬁ%&ﬁ%“iglé(ﬁ J%%é%ifﬁgﬁé, and supplies

| the fingerprint/palmprint original image to the local
information extracting part 12 (S201). The local
information extracting part 12 divides the abovementioned
inputted original image into two-dimensional local regions
(S202), and extracts a plurality of ridge candidate images
showing ridges existing in each two-dimensional local region
from each two-dimensional local region (S203). The
extracted ridge candidate images are supplied to.the highly
reliable region determining part 13, region feature judging
pért 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 be square (see Fig. 7), the length of one
side of the local region becomes approximately 8 through 32
pixels. When extracting 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



p0|nts t hereof are cal cul ated based on the extrenme points of each
candi date i mage and recorded. An exanple of such paraneters is explained.
This is disclosed in the abovenentioned Japanese Unexani7r¥aptddshes 32005
Publ i cati on No. Hei-9-167230. First, wheA3tkhe coordi nate values of the
n-th peak of a local region lij (0<i<63, 0<j<63) at the Fourier plane are
set to ($ n(i,j), 77 n(i,j)), the local information extracting part 12
calculates the anpl i tude, phase, direction, frequency, and power around
t he peak. Théoaﬁﬁﬁl@naeregat@¢@uaﬁimmﬁq$/d&ndnd&t%]@maqd&aqﬂuﬁaah|kpca1
calculated by formula (2), the direction is calculated by fornula (3), the
f requency |erQF@EIaﬂ@ﬁfﬁvﬁmﬁﬂﬁulél@nﬁldﬂﬁdCa@@@dp¢ﬂenmag@§ndrehe peak is
calculated by formula (5). a(i,]) =2 F (ir3) (i,j) 2i =12 .6 njj (nr
on )l r r phﬁ?‘FF?Cte‘fla r%%f(u?h ogal p;gglcm-n iNeP@ FOEELEMEESTE j)) nr n =
1, 2, ... h% g £ tan-' | =1, 2, ... -(3) nfnr7) - 1nir7))2 +
(, nni r 3) 2| chgragt erlzmgG“%ﬁWWW‘P%deW the extreme

points thereof are calculated based on the extreme points of

each candidate image and recorded.

An example of such parameters is explained. This is

disclosed in the abovementioned Japanese Unexamined Patent

Publication No. Hei-9-167230. First, when the coordinate

values of the n-th peak of a local region Iij (0<i<63,

0<j<63) at the Fourier plane are set to (£n(i,j), 7

n(i,j)), the local information extracting part 12 calculates

the amplitude, phase, direction, frequency, and ﬁower.around

the peak.

The amplitude is calculated by formula (1), the phase
is calculated by formula (2), the direction is calculated by
formula (3), the freﬁuency is calculated by formula (4), and

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

alr? 2\le 3, ‘lﬂ’ 1i=5L2...6 - (1)
o A Im (1.3)’ (1,:1)
RefREST, i )}
. | nt? '
dy? = tanT—ho il = 1, 2,...6  +(3)
&n’ |
- . 1 I ey
f](ll;J) — _4 \/(aglr:l))Z + (n;rj))2l =1,2...6 ce1(4)
;s 4n’c? |
vald = 222 Py 20E Wt (5)

2 .o -
64 (E:H)E%ﬁg‘:ﬂ,ﬂg':‘)) close to 8}



S n}r ~~() 642 (~,~l)e nl'J),T[nlr])) close to 8 - 14 7 Septenber
2005 Furthernnre the whole power of f is calculated by formula éG&. 4 269
VE;(i> J) =31 31 fF F(~ rl)l2 ... (6) 642 ~=-32 il =-37 J¢pterplagd005
det er mi ned by these paraneters is expresdéd-as follows: gn(i, j)(X,
y)=an¢i, j)cos[2xfn(i, j)(x cos(dn(i, j)) +y sin(dn(i, j)))-phn(i, j)]
(7) Fornula (8) expresses candidate i nages show ng ridges in each
Y)In=i_ .. (8) The local information extracting

| ocal - region. Kk;,

part 12 cal cul at esF‘E%%é%rm%%‘?anﬁ%r@‘( mever ) f figr ced@vlgrted byl ocal
reglons k (f £% i 7%fd(| 1) £(1,7) va(i,7) )6 t(i,i) 63 63 ... (9) n, ph(
nr n, % ? mentioned i n Japanese Unexanm ned Patent
Publlcat|on No. Hei-9 167230 the highly reliable region determning part
13 deternlnest@hﬂgp40%ﬁd| gﬁﬁgges (hlth% reliable candidates) that are
hi ghly Ilkely to be ghﬁgg 3 AN | afl) regi'olls i ncluding the determ ned

ri dge candi date i mages as

An image determined by these parameters is expressed as

=3

follows:
gn(i, j)(x, y)=an(i, j)cos[2nfn(i, j)(x cos(dn(i, j))
+y sin(dn(i, j)))-phn(i, 3)]1 ---(7)

Formula (8) expresses candidate images showing ridges in
each local region.

5
B vh . e
The local information extracting part 12 calculates these
parameters (Formula (9)) for each of all local regions.

63

- .o e 63
(lij) (lrj) (l.rj) (i, ) (l.r 3) (lr i)
{{an r phn r dn ’ fn ’ ’ }n irf t I L:Oj:g

-+ (9)
As mentioned in Japanese Unexamined Patent Publication

No. Hei-9-167230, the highly reliable region determining
pért 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 (S204). The determined highly
reliable candidates and highly reliable regions including
#he highly reliable candidates are supplied to the adjacent
region group detecting part 14, suitable ridge candidate
selecting part 18, and image generating part 16. Herein,
the highly reliable region determiﬁing part 13 evaluates all

ridge candidate images regarding the degrees of likelihood

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



highly reliable regions (S204). The determned highly 'reliable candidates
and highly reliable regions including the highly reliable candidates are
supplied to the adjacent - region group detecting part 14,7 SapidnatiEr @003 dge
candidate selecting part 18, and i nage §Bnerating part 16. Herein, the
highly reliable region determ ning part 13 evaluates all ridge candidate

I mges regarding the degrees of |ikelihood of being ridges for each of al

| ocal regions, and selects - 15 7 Septenber 2005 one ridge candi date i mge
having a hi ghnelegrdge gfandiddtiedothgeothayding aa hiighyeldgrem edcl ikeddhood
region, and regards the selected inmages as highly reliable candidate

i mages. As @fdreinuna riddes e eanh dmeElomediiion t ked alegwedsntthened
publication, two-dimensional Fourier transformis applied to each

t wo- di mensi o?rﬁalleCI%Ilmfézﬁ%rﬁaayuqhiéf lngddiabilef ranstideteedmegsisi.-ng part 12,
and anong obtained peaks at the Fourier transformng plane, a plurality of
peaks correspondi B - IRFIETRAN HhgSACRESsi GFamesitionssl d8 thee ext ract ed

in order fro eaks with greater anplitudes or energy around the peaks,
and two- di neé&‘#vcﬁ%ﬁ niggpe l%pd‘ﬁﬂﬂ‘ﬁ’g‘“ﬁl%%@é’l@r&ﬁé’ regarded as

ri dgte 'c?ndl fé’ es a[};ﬁg_fu the(r?g%r&ﬁe 4d e cand| d te |ma %lvglnthyt he
greates arrp ré‘ﬂo‘r#g &éﬁoe

t di rd h bl di.dat

| mage. The ;‘ﬁ?éaceaa"’l il e e 'tgilzyff .amt GRS GPEFIPER ons
(adj acent r%a%?)at a(:q'l CEEorHrle% r%n@f%hllrﬁ relpllal?'xee, re%l A2 1(1%2050)1:' For

peaks corresponding to different two-dimensional sine waves

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 as ridge candidate
images, and furthermore, a ridge candidate image with the
greatest amplitude aﬁong the ridge candidate images of each
two-dimensional local region is regarded as a highly
reliable candidate image. The adjacent region group
detecting part 14 finds all local regions (adjacent regions)
adjacent to the highly reliable regions (S205). 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 (S206). In the example of Fig. 3A,
the number of adjaéent regions is more than one, so that the
process progresses to 8207. Furthermore, when the number of

adjacent regions is one or more, the region feature judging



exanple, as shown in Fig. 3A, when highly reliable regions (shown by dark
hat chi ng) are detected, regions (shown by [Iight hatching) adjacent to the
highly reliable regions are detected as adjacent regi ons.Sdiésnther23@5
adj acent region group detecting part 1% lpudges whether or not the nunber
of adjacent regions thus detected is one or nore (S206). In the exanple of
Fig. 3A, the nunber of adjacent regions is nore than one, so that the
process progresses to S207. Furthernore, when the nunber of adjacent
regions is oferbrlimte Nehef kedich nfammatjangimdghe athacense presriisars 2005
part 15 is notified of information on the adjacent regions, and otherw se,
the i mage gefRdRYRRFPLFe, 16he sinpdse (INLLFEIRD @I oS BwtifdieR@®E t he
region feature judgi ng part 15 judges whether or not the respective

adj acent r eg?%‘?\sl%‘?ong%l%j aé@mS?ngi SRegregporr epbyrendupdénddragta

m xt ure of easc?s anlg}(%i dges based qn the local region informgtion from
the local in oh BRI i Yy G 1t TERPGIGMS i aqe JHMSe 9ff dge

candi dat e sel.ect] art 18 of the results of judgeneni.. Concr.etely, ng
extreme poi nifl%go%&(’]‘?(feeemf et PoviEr Wb 815 lﬁﬁ%lf°4%é ' g é‘t]i’@h’s‘?é kﬂafm)
using a po t atio qf t oi,nts sati.sfying pr.edeterm.ned

condi ti ons, V%E?%%%%n%n f|:Ls&(;fﬁasd aasse\gooo%tgi%elroccﬁl oethtqﬂg lr&e K °% egi ons
are regions ¢ ' | X LS8 [ S.;,Th t.er.nm ned
condi tions afr%gﬂtl ﬁ%%@t %énﬂa%%c%“%{/% ues eX|asC?°rl?1r$f tPg%S: o]’rz’ %é’g# r%g%&gllc@f
space since {{i¢ difAlable ridge candidate selecting part 18 of the

results of judgement. Coﬁcretely, among extreme points on.
the image power spectrum 6f the adjacent regions, by using a
power spectrum ratio of two points satisfying predetermined
conditions, a judgement is made as to whether or not the
adjacent regions are regions including a mixture of creases
and ridges.

. The predetermined conditions are that the maximum-
values exist in half of the frequency space since the real
number values of the image power spectrum are symmetric
bésed on the origin, and exist in a spatial frequency band
that is likely to involve creases and ridges (concretely, a
spatial frequency with approximately 0.25mm through 1lmm as
one cycle). The maximum 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 second 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
otherwise, the_region is judged as a region including the

existence of a ridge only.



nunber val ues of the inage power spectrumare symetric based on the
origin, and exist in a spatial frequency band that is likely to involve
creases and ridges (concretely, a spatial frequency w tH Jgppeneber 280! vy
0. 25mm t hrough 1mm as one cycle). The-m&Xi mum val ues at the two maxi num
extrenme points anong extrene points satisfying such conditions are  used
for judgenent. That is, when the highest nmaxi mumvalue is pl and the
second hi ghest maxi mnumvalue is p2, if the value of p2/pl is nore than a
predet er m ned t hr &Molsich Hindgemgingn s Yardge ¢fapowesr epsctamt sudge ni xed
region, and otherwise, the region is judged as a region including the
exi st ence of @AY R PHIKEME poAnts JanmEarmpEly Bes)shey bhedgeesht, a
rati o of power spectrum sunms near the extrene points (approximtely 3x3)
may be used.TRahats i Wheghdhe ROWRIMEPGIET TS @FRoxneu Fdre Ad ghegitest
maxi rum value is vl and the power spectrum sum around the .second hi ghest
maxi mum val JBAFEWY valug Hes ol andithe RPWeLs SPRGEE U S 8508t &he ned

otherwi se. (HECTED BHRBSeY Reon e oy A mditudidg YRS SIS AT 4F o
region Toal (IS TG Baatp Erthneth ot Lo FrARere i BBy e
e o TS A Rl S0 AEF S AL R0 dlgpenese
information SXt{AGtdNGPY tred’iioqg%.n%fﬂ%i% 1™ stence of a ridge
| only. The power spectrum of a local region may be
calculated by the region feature judging part 17, or the
power spectrum calculated by the local information
extracting part 12 may be used. As mentioned in Japanese
Unexamined Patent Publication No. Hei-9-167230, when using
the local information extracting part, ridge candidate image
attribute information may be used.

Next, the suitable ridge candidate selecting part 18
selects candidates among the ridge candidate images of each
of all detected adjacent regions based on the results of
judgements by the region feature judging part 17 (S208).
Concretely, in regions judged as including a mixture of
creases and ridges, selection is carried out by regarding
continuity with surrounding ridge candidates as important,
and in fegions judged as ingluding 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 example, as mentioned in Japanese Unexamined

Patent Publication No. Hei-9-167230, when it is judged that



attribute informati on may be used. Next, the suitable ridge candidate
sel ecting part 18 sel ects candi dates anong the ridge candi date i nages of
each of all detected adjacent regions based on the resul?Sept¢mbgrdbgenent s
by the region feature judging part 17 ¢S288y. Concretely, in regions
judged as including a m xture of creases and ridges, selection is carried .
out by regarding continuity with surrounding ridge candi dates as
inmportant, and in regions judged as_ including ridges only, selection is
carried out BYSRAREngRe oRtdIRS t 3 iredy rdurdiary aardjdlateandagst do and
energy suns of .the ridge candidate inmages as evaluation criteria. For
exanpl e, as Wehthohke Fhroapher st Uirsenfitell (TPathafwemiptiheamesn No.
Fbi-9-1672306,mhen.it I s judged that 18 7 Septenber 2005 creases and ridges
are mxed, a“tTAGELCRANHT dBRe PR 3 dhe KEraGtdan &f dive aérddice J1(n)
bet ween t he rrean di rec ion jnth roximty and the direction of the n-th
ri dge candi dat89F nagR bR Hre"ai i &S MRy 5 selaGtRse 29 @ a case
where the regign.is judged as regi,on _including.the existence of a ridge
onty. o i doei 80 AR & Gens et S SEASO: (-8osPaHet: PRoRoREEL9( n)
bet ween t he nydirection in the proxim.ty and.the direction of, the n- th
ri dge candi dzli{%gﬁllcr%% gﬁ% x?@\%ﬁ‘lﬂ %c?)ﬁe% T em?rﬂ]iys' aseﬁlé%eed’aé)élgta\tledge.
Herein, ut i $n2q€OlR @Mt en Ak et forf MAYEPend e I AU )" DiOFTH 2nE10) -

mean direction in the proximity and the direction of the n-

th ridge candidate image + @ /SN(n) becomes minimum is

selected as a ridge.

_ Herein, & is a constant, and SN(n) is shown by

following Formula (10).
vallrd

SNn) = ——————
‘Zgzj vagrj)

...(10)-

The suitable ridge candidate éelecting part 18 thus executes
candidate selection processing for each of all adjacent
regions, and notifies the adjacent region group detecting
pért 14 and image generating part 16 of the selected ridge
candidates.

Next, the process returns to S$205 again, and with

. respect to highly reliable regions or local regions

selection for which the process has ended, all adjacent
;egions that are neither highly reliable regions nor regions
selection for which the process has ended are detected.
That is, taking Fig. 3A as an example, all regions adjacent
to the lower sides of previously found adjacent regions are
found. WNext, in S206, it is judged whether or not the

number of adjacent regions is one or more, and when the



va(i,') sN(n) = 16=j vai,i) (10) The suitable ridge candidate sel ecting _

part 18 thus executes candi date selection processing for each of al
adj acent regions, and notifies the adjacent region group’/ Beptesbér?§0spart
14 and i mage generating part 16 of the-séPeeted ridge candidates. Next,
the process returns to S205 again, and with respect to highly reliable
regions or local regions selection for which the process has ended, al
adj acent regions that are neither highly reliable regions nor regions
sel ecti on f oRUMPRENLS hener ot asertastlendmbiome Thatameed s Twalgeids foraleany
Fig. 3A as an_exanple, all regions adjacent to the |ower sides of
previ ousl y fefindhdrdierent cipahenariey $2Uhd.amndkexin S208s20@seid ons thedged
whet her or not the nunber of adjacent regions is one or nore, and when the
- 19 7 SeptE¥fbelt200E Higpeegian okragirepiudgananty e flandidasey selies tileaged
for each of all adjacent regions in S207, and in 5208, based on the
resul ts of tHECTRYFHRI fbht SFLCTERR M rits inch i ifrende IEdthesta BdsPded ng i s
execut ed by usiqg dif%er t $riteria adapted _to eacg of al| adjacent
regi ons. Her&f naf¢er® t%ﬁ ¥ HREERE f g S2H5TERPBESRTS268S s repeated in
the sane manner, and if "NQ.,is j.udged i 0r5q20.6 the i e generating part
16 gener at espﬁoﬁ%%?%n?i#ﬁ%%%ﬁ/%% r# cfgée”ﬁﬁ?fgaé:néacgééle h&n SAHE ri dge
candi dat es t£%ﬁ %@ve en:-sglecte the . su | e.ridge candi date .i mage
sel ecting pay Iy -1 rélugﬁge{'f ﬁl\ll(? :Léj ﬁ}ldgec{3 in ngtdaﬁyb, e :Lgnage generating
part 16 generates a whole fingerprint/palmprint ridge image
based on the ridge candidates that have been selected by the
suitable ridge candidate image selecting part 18, ridge
candidates that have been judged as 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 {5209), and then all processing ends.
Herein, in the conventional ridge candidate selecting
| _method disclosed in Japanese Unexamined Patent Publication
No. Hei-9-167230, energy of a ridge candidate image derived
from a crease sometimes becomes greater than that derived
from a ridge in a region including a mixture of creases and
ridges, so that a crease is erfoneously selected when using
the energy of a ridge candidate image as selection criteria.
on the other hand, even in regions including ridges only,
When selection is 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, if noise
components having greater excellent continuity than that of

true ridges exist, such noise components are selected and

ridge extraction is failed. Since ridge candidate image



candi dates that have been judged as being highly likely to show ridges by
the highly reliable region determning part 13, and |ocal information
obtained by the local information extracting part 12 (SZDS¢pterabel 2008n al |
processing ends. Herein, in the conventi @fal ri dge candi date sel ecting

met hod di scl osed i n Japanese Unexam ned Patent Publication No.

Hei - 9- 167230, energy of a ridge candidate i mge derived froma crease
soneti mes becones greater than that derived froma ridge in a region

i ncl udi ng a FRKFGY edeFiedalleam ghach rieiyes  cawpareitts ior sawd lies déheoneous! y
sel ected when using the energy of a ridge candidate i mage as sel ection
criteria. CAREREY oietveRnbron eldyes r et v Bordildindg o imddes Jowiggmenthen
selection is made based on on]y continuity with ridge candidate inmages in
adj acent | oc3? FRgrRmkhex it pbt thokse Rh Tidges df aisgnad dihea MEard tadeisgh
ridge curvatuge, if noiig cqonponent s havi ng greater excellent continuit
than that of9F t$He¥9Y ug a§XP§U,%iﬁa?uﬂ@i§€e€8ﬂp8ﬁgﬁﬁg BPeT8eREEPRItANd
ridge extraction is failed. Since candidate inmage - 2 0 7 Septenber

. {d
2005 ener gy EHTIEITF G RS YRS e Por S FECTA gy & 15ATe EReTgy
derived f [ jt ible to make j.ud t t o ,.whet h it

ot se-or 11 diec Rt ot i iR TR GRrR Panslhle Wengeer
ener gy havirWhégbrégégéég1ééé Sptures can be used for ridge selection in

a case where no creases exist, such selection is not possible in a case

where creases are figtatkortiens! U bddif REBRENGTOOTHTEYegsble T egion

feature judging part 17 judges whether regions are crease
and ridge mixed regions or regions including the existence
of ridges only, and the suitable ridge candidate selecting
part 18 selects image candidates based on evaluation
criteria suitable for each region, so that even at a portion
such as a core or delta including neat ridges with high
curvatures without creases, the ridges can be accurately
extracted while maintaining ridge extraction performance for
crease and ridge mixed regions. Fig. 7 shows an example of
a.fingerprint/palmprint image having regions including a
mixture of creases and ridges and regions 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
candidates based on evaluation criteria that are different
betweeﬁ the ridge exclusive regions and crease and ridge
3 mixed regions of Fig. 8.

In a region including a ridge only without creases,

when Fourier transform is applied to the small region image

of the region, a pair of peaks are found to be symmetrical



feature judging part 17 judges whether regions are crease and ridge m xed
regions or regions including the existence of ridges only, and the
suitable ridge candidate selecting part 18 sel ects i nmage/ Beptetnbkat2885 based
on evaluation criteria suitable for eachlregion, so that even at a portion
such as a core or delta including neat ridges with high curvatures w thout
creases, the ridges can be accurately extracted while maintaining ridge
extraction performance for crease and ridge mxed regions. Fig. 7 shows an
exampl e of B AFERSGth o dhep o inmgadhayiorgate gnonati pEl edergyais

m xture of creases and ridges and regions including ridges only. The
results of jARIFEHETRURF OFe theyibekseat HPEEVELidgiMga pBPELIFLf r om such an
‘image are shown in Fig .8. The _suitahle ridge candidate selecting part 18
sel ects ridgﬁ: M§4 dDages &Ff @nqgﬂ%QEaFPEH16PP98P?&YtH&Flgﬂé“&iFgérent

Fro B. In EVEGEsS o GHPAGS Ay IGHHeF wht ROUESL Ee08, Peiken Four i cr
t f ' | i to th |l ' ' f th l,an, ' f
peaks ar o 1 SRS B8Ry e Ereaees 21 AeBiBa BepPoshe M AHeFoeBERT o
th i gin, P t of ' trated .th k
Howover - i n AREsher B8 R, BreSalibls® 257 SHRvei Rt Bidoudy

i ncl udi t ' f . ' | L i
o1 UdL0 MeResGRal (0430950 0107 QG 30 MR Bl

( ri dges appear and each peak
has a great HMYNL-eQficANPoUYi63eE At fothed 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 peék energy becomes
great. On the other hand, regions including a mixture of
creases and ridges, the energy difference between the energy
maximum peak and the second 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
selecting method disclosed in the-abovementioned
publication, as aforementioned, energy of a ridge candidate
image derived from creases may be greater than energy
derived from ridges in a region iﬁcluding a mixture of
creases and ridges, so that the creases may be erroneously
Vselected if the energy of the ridge candidate image is used
as evaluation criteria. On the other hand, with respect to

a region including only ridges with high curvatures,



Therefore, when a plurality of peaks are detected froma snmall region
Fourier transfornmed i nage by using the nethod disclosed in Japanese
Unexam ned Patent Publication No. Hei- 9-167230, in regi ohSepterobardiOng
ridges only, nost energy is concentratedZon an ener gy maxi mum peak, and
the energy difference fromthe second maxi num peak energy becones great.
On the other hand, regions including a mxture of creases and ridges, the
ener gy differggchPetmeen t he energy. naxi mum peak and the second maxi mum

peak becones® On A MY £01 REIRCeRte JaM e ASEHMEN 2SR ORaPRI ng

are r g, ons ST FHifkiiae t i G ages o SRehITRGRe. | n the
povenent 1 o SE BRI G AR SOt Gy o Ya SR B i dat o
o regi on S TS o e ERietns Y K et HR PR 1 eaces

may be eronegysl YorSelagiad 44 Sha sner gxopt.the L dgg cangighe.Lmge i s

used as evaluation criteria. ot her t Spéc a region

including ondpyaqd 'd&efv%% LM Hh G HMRS ¢ 'méag%agn?t 6P 2 9An

sel ection is made for adjacent local regions on only “continurty wth
ridge candi dHerdyRAASivdd) BraRSE MRS FPHIRC RGRIR Ws! BoERB1e

excellent continuity than true ridges exist, the ™noi'se conponéents are
sel ected anthddi®l on the amount of energy.

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

A computer program according to the invention is a

- program describing processes for execution of the
abovementioned method for processing 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 candidate
images that are highly likely to be ridges among the
extracted ridge candidate images and local regions including

the determined ridge candidates as highly reliable regions;



ridge extraction is failed. Energy of a ridge candidate inmge derived from
such a noi se conponent is snaller than energy derived froma ridge, so

t hat judgenent is possible based on the anount of ener gy’ Sdftankedr@08s in
the present enbodi nent, the suitable +idde-candidate selecting part 18
selects image candidates in crease m xed regions by using only direction
continuity wthout using energy as selection criteria. Furthernore,

candi date se|lection is made in regions including the existence of ridges
only by regattidinendrephess liagedr cagionsTiedhshyy thami tthenhiighdynicagirbdge
extraction performance for crease and ridge m xed regions, ridges can be
accuratel y XYM &FF MO @XCd USivE ieSwels daicdugdang shedekigtence
including neat rjdges with high curvatures w thout creases. A conputer
progr am accH 9% (Y RreRtieshs $ndl G3des AhrecsEEUBPRS predEddns for
execution of the abovenentioned nmethod for processing a

fingerprint et Rt GHRARES PRGt TS Iase SGlGGtdMIc §a8649atE0APALER t o
CaTTY OUl IEPASeRRER d oty v ld 8 L0 BTN e ) 1o
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reliable e ST 4 $9018XGideY B8 OFS £haCludlingathe s fxLakenge
| 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 regions exclusively
including ridges, and candidate images are selected among
‘ridge candidate images by chahging evaluation criteria
between these two regions when extracting ridges, so that

ridges can be accurately extracted from even crease mixed

regions or regions including ridges with high curvatures.



of ridges only or crease and ridge m xed regions including a m xture of
creases and ridges; selecting candidate inmages that are supposed to show
ri dges anong the ridge candidate images based on eval uat7 deptembergdi0y
adapted to each ridge exclusive region and crease and ridge m xed region;
and generating a whole i nage based on-tBé candi date i mages of the highly
reliable region determ ning process and the candidate inmages selected in
t he sel ecti ngipr ocesgs AN Ddgscri bed above, according to the invention

j udgenents are nmade as to whether regions including a mxture of creases
and ridges or regilbnsAext¢hysirpeliyt /pathpel my imagesroardseandi dat e | nages
are selected anong ridge candi date i mages by changi ng evaluation criteria
bet ween t heseontwol iggi:ons when extracting ridges, so that ridges can be
accurately extracted fromeven crease mxed regions or regions. including
ridges with high curseadimas.iry rSapt detrere20059-124a THATe IS ICUAIVED | S: 1.
A fingerprint/falnprint i mage processor conprising: a reading-in part for

readi ng-i n PFHIREFPT ia®k a®r 1Mg&kEdprint as an i nage; an extracting part for

dividing a fingerprint/palnprint image into |ocal regions and extracting
ri dge candi date i iy SHAM NG DT DHIET iHgeslifgr @ each 1 ocal region; a

determ nin rt for, defermning candidate i es
9 f?%gerprlnt palmprin 1magezanto q%%al regicns and

extracting ridge candidate image showing possible 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 Jjudging part for judging whether or not local
regions other than the highly reliabie regions 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 ameng ridge candidate images
based on evaluation criteria adapted to each of the ridge
exclusive regions and crease and ridge mixed regions; and

a generating part for generating a whole image based

- on the candidate images of the highly reliable region
~determining part and the candidate images selected by the
selecting part.

2. The fingerprint/palmprint image processor

according to Claim 1, wherein the judging part judges



that are highly likely to be ridges anong the extracted ridge candidate

i mges and | ocal regions including the determ ned candi date inmages as
highly reliable regions; a judging part for judgi ng whet heSemembat2006Hca
regions other than the highly reliable-régiens are ridge exclusive regions
i ncludi ng the existence of ridges only or crease and ridge m xed regi ons
including a mxture of creases and ridges; a selecting part for selecting
candi date i mages that are supposed to show ri dges anong ridge candi date

i mages basedlRehhey puandbnlerdl ar¢elednpingl nayismsh isfcludnd dge
exclusive regions and crease and ridge m xed regions; and a generating part
for generati BYLELHOR 0f mebdodasErly oI trRgicarsdildutladimeh s oxture hifghl v
reliable region. determping part and the candi date i nages sel ected by the
sel ecting paffeages TiRd (¥ HERHrHaRTP AhRAWART iﬁpeﬁj‘etrp%cr@g@&s afc@rding to
Caimal, mherfin ihe qugiqgggart j udges - 25 7 Septenber 2005 whet her or
not |ocal reBrohdtare e T RUA Y Shdhedictadndaage Ba¥§Es only or
regions including a mxture of creases and ridges based on power spectrum
ratios at- a “BFGYEiTty of extrenme points of the |ocal inage power

t 3. The f}] i.nt/ pal LNt di to dai
I, wherei n the | udyi ng bartIPRABEE N ARBLREF 1BF ABRSFOREPCRRSPENS are

regions incl ydi i€ o claim 1, wherein the judging part judges
whether or not local regions are regions including 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.

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
based on ratios of sums of power spectrum components in the
pfoximity of a plurality of extreme points 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.poiﬁts except for direct current
pomponents 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



exi stence of ridges only or crease and ridge m xed regions based on a
ratio of the square roots of the power spectrum at a plurality of extrene
poi nts of the power spectrumof |ocal inages. 4. The fi njBepembr/2085npri nt
i mge processor according to Claim1l, wherein the judging part judges

whet her or not |ocal regions are regions2iknel uding ridges only or regions
including a mxture of creases and ridges based on ratios of suns of power
spectrum conpeReMiSid the proximty of a plurality of extreme points of
the power .spectrum of |ocal images. 5. The fingerprint/pal nprint inmge

processor according tReaRYngBepPinEphMRp2ihhr OMgRe4prBesehr the judging
part uses extreme points excépt for direct current conponents in the power

spectrum 6. adberdii NGEEHriny/ Pad NPf idltainRge HHOGEHS0F, ARGANA NGt 0 any
one of Clainms 2 through 4, wherein anbng power spectrum extreme points,
the first maxébuatexgreaet podntcamddier weacioitd smxtdamdiext rereepoi nt
within a range in which frequencies are effective as ridges are used for. 7
Sept enber 2008ndi@étesvad uatitteria EorThle fdatgemprimntregdlompr intludage a
processor according to any one of Cains 1 through 6, wherein the

sel ecting panixtges ebntremsey and hrisigesurdicheenn dyes aaridindsttes aasl
criteria for selection in regions including a mxture of creases and

ri dges, and eWpl &yuebnf nemeyoamt ridge candidate images as criteria

for selection in regions including ridges only.

8. A fingerprint/palmprint image processing 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
possible ridges for each local region;

deterﬁining 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 regions are ridge exclusive regions including
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 based on evaluation
criteria adapted to each of the ridge exclusive regions and
cregse and ridge mixed regions; and

generating a whole image based on candidate images of

the highly reliable region determining step and candidate



sum anount of energy of ridge candidate imges as criteria for selection
inregions including ridges only. B. A fingerprint/pal nprint imge
processing method conprising the steps of: reading-in a 7*8éganpsi2g0sor
pal nprint as an inmage; dividing the firngérprint/pal nprint image into |ocal
‘regions and extracting ridge candi date i nages show ng possible ridges for
each |l ocal region; determ ning candidate inmages that are highly likely to
be ridges anpng the extracted ri.dge candi date i mages and |ocal regions
i ncl udi ng th%m%‘é?%r'ﬁ?%%ﬂt%n’di delt® SeERRSInE SHARMIy reliabl e regions;
| udg ng whet her | ogel el ane oLher Uhaathie l gy, ellablefogons, ae
| mages that STEoLibRBckd ARG IS dhg NS GRER AR & | mmges
reai ons and VHPRREE R pot BT OIS SRR CrS R A iR 6 | mmge
e oy oSkt 708 Bl g L LB GEPS LRT TR R
Chor o' nEEERRLA PELATEL flod TS A0 A0 SO SR 10, O
including theiurality of extreme points of the local image power

spectrum.

10. The fingerprint/palmprint image processing method
according to Claim 8, wherein the judging step judges
whether or not local regions are regions including 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 extremé points of the power spectrum of
local images.

l1. The fingerprint/palmprint image processing method
according to Claim 8, wherein the Jjudging step judges
whether or not local regions are regions including ridges
only or regions including a mixture of creases and ridées
based on ratios of sums of power spectrum components in the
proximity of a plurality of extreme points of the poéer
spectrum of local images.

12. The fingerprint/palmprint image processing method
éccording to any one of Claims 9 through 11, wherein extreme
points except for direct current components in the power
spectrum are used.

13. The fingerprint/palmprint image processing method

according to any one of Claims 9 through 11, wherein among



exi stence of ridges only or regions including a m xture of creases and

ri dges based on power spectrumratios at a plurality of extrene points of
the |l ocal imge power spectrum 10. The fi ngerpri nt/ pal fpSepiembar@ges
processi ng method according to C aim8,28herein the judging step judges
whet her or not |ocal regions are regions including the existence of ridges
only or crease and ridge m xed regions based on a ratio of the square
roots of the power spectrum at a plurality of extrene points of the power
spect rum of PUaISReRgaE ertremee HQinger prihet /Sdaistp maminuragatyeneessi ng
met hod according to Claim8, wherein the judging step judges whether or
not |ocal re&fildhs 3k theyisarenthaadimg fgere poiyptomitddnoss repgeudinng a
m xture of creases. and ridges based on ratios of suns of power spectrum
conponent s A% fﬁﬁ%%ﬁﬁﬂé%?(ﬂr%aﬁﬁﬁﬁQQ¥W%/Qﬁ radgesn@rsoises Prt he powver

. spectrum of | ocal ..mages. 12. The fingerprint/pal nprint inmge processing

0 .
nmet hod accordt ﬁ} natny one of Clains 9 through 11, wherein extrene
ower spectrum ar sed.
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f Claims 9 | -, 28 7 Sept 2005 t
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extreme poi niedhiny %t%%n%%ééqcontinuity with surrounding ridge

candidates as criteria for selection in regions including a
mixture of creases and ridges, and employs continuity and
sum amount of enerqgy of ridge candidate images.as criﬁeria
for selection in regions including ridges only.

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

dividing a fingerpfint/palmprint image into local
régions and extracting ridge candidate images showing ridges
for each local region;

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

judging whether or not local regions other than the
highly reliable regions are ridge exclusive regions
including the existence of regions 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 based on evaluation

criteria adapted to each of the ridge exclusive regions and

crease and ridge mixed regions; and



whi ch frequencies are effective as ridges are used for evaluation. 14. The
fingerprint/pal nprint inmage processing nethod according to any one of
Clainms 8 through 13, wherein the selecting step uses coni Bepierthhenii00h
surroundi ng ridge candidates as criterid®for selection in regions
including a mxture of creases and ridges, and enploys continuity and sum
anmount of energy of ridge candidate inmages as criteria for selection in
regions including ridges only. 15. A program for causing a conputer to
carry out the prRESAEIY 2 GhAlE dgager ibigadamandidatienimaggge ofnt o

| ocal regions and tractjng ridge candi date inmges show ng ridges _for
each | ocal r@tﬁ 9 e‘FEfﬂi]rﬁk%f EEHi ML e SRR T h Aroges hiddid wandd€ate o

be ridges ampng the tracted ridge candi.date i nages and |ocal regions
i ncludi ng t ‘?Sersrﬁ%%ec‘%ﬂd} ddte § E PYASHS, reliabl e regions;

legions are ri dge Kol TEB,EPRERBnECoPRARA K CRELBIrcHbErein, Ehfons
only o <1 ol NG SR LEURIBAT I ATl e o gpgaces ond
the ridge excltierve TROERAENIR BB @ e L iy 2™
7 Septenber 2Q0%ding a mixture of creases 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 local regions are
regions including 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.

18. The program according to Claim 15, wherein the
judging process judges whether or not local regions are
régions 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 spectrum of local images.

19. The program according to 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 a range in which frequencies are effective as



generating a whol e i mage based on candi date inmages of the highly reliable

regi on determ ning process and candidate inages selected in the selecting

process. 16. The program according to C aim 15, wherein th®epterablgi2ogs

process judges whether or not |ocal regi 8fs-ar e regi ons including the

exi stence of ridges only or regions including a mxture of creases and

ri dges based on power spectrumratios at a plurality of extrene poi nts of

the local inm ower spectrum 17. The program according to C aim 15,

wherein the r}%ﬁl@?nﬁrﬁ)r sf?%cﬁj@l%?b%%-r or not local regions are

regi ons includi ngaﬁfe exi stence of ridges only or crease and. ridge m xed

regi ons based on atl 61 Prpﬁéag‘qGSFQIFiéBEstSf anyhengoREr C4pémer b at a
ectrum of |ocal imges. 18. The

br ogr am Scoof B AUT 261 STHRTEELR Vi LA T (RATIRS rassEe SIUIAdes Sahet her
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spectrum extrene points first maxi num extreng poin e second
maxi mum ext I Bl uPH L MY by .ange in which frequencies. are effective
as -



- 30 7 Septenber 2005 ridges are used for evaluation. 21. The program
according to any one of Clains 15 through 20, wherein the selecting
process uses continuity wth surrounding ridge candi dat €5Sgsercbdrt2605a f or
selection in regions including a nixtarélof creases and ridges, and

enpl oys continuity and sum anmount of energy of ridge candidate inages as
criteria for selection in regions including ridges only.

FI NGERPRI NT/ PALMPRI NT | MAGE PROCESSOR AND PROCESSI NG METHOD ABSTRACT The
region feature judgi nEIPSERPRINY/PABYBBINEcIMREE | BRGCESSERi BB are regi ons
including ridges only or regions including a m xture of creases and

ri dges, and the suitable ridge iﬁﬁ@€E§§F§8tMﬁ§H%art (18) sel ects images
showi ng ridges anong ridge candi date i mges based on evaluation <criteria
adapted to each of the crease and ridd&® regi ons and ridge excl usive

regi ons. Fi S . . . =
9 gI‘he region feature judging part (17) judges whether local

. regions are regions ihcluding ridges only or regions
including a mixture of creases and ridges, and the suitable
ridge image selecting part (18) selects images showing
ridges among ridge candidate images based on evaluation
criteria adapted to each of the crease and ridge mixed
regions and ridge exclusive regions.

Fig. 5



