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
taki ng

t wo- di nensi onal | ocal region set on an inmage by t he degree of
reliability Bscini®as U1 adnsk t{}ge eMptatipp functions are mnimzed for

snoot hing. On the other hand, in fingerprint pattern classification by

means of the 7 Serﬂlrﬁﬂzﬁfes@% 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



2 rel axation nethod, information on directions extracted from each

t wo- di nensi onal |ocal region set on an inmage i s snoothed by neans of the
rel axati on nethod. However, in the nethod disclosed in Japd¢riaabw0ant
Publ i cati on No. 2765335, when snoot hi ng-ah +nage including creases,
surroundi ng 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 relaxation nethod, the relaxation
met hod i s uselazmstiomenébiod prishmotdt hon | o od e doiomn attestieahsfrom
extracted fromeach | ocal region, however, in this nmethod, snoothing may
be applied teaphniweréimensidmal ekiocal acegiben asetwiale amngemad ide
fingerprint in parallel to each other at simlar pitches in accordance
with the cre@Beathed b¥ianeans ofriehgaehayathormittivéded. 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

cand dat oS afg 6L S idcr 808 ALY ARSI O DR BLOCKR I St €

| 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



3 7 Septenber 2005'spatially continued with each other and the crease
patterns are spatially continued with each other, however ﬁgeneral

creases and ridges are not continued with each other, so 78

t hat can be securely judged as ridges aré?‘detected, and candi dat es
matching with the detected candidates are sel ected anong ot her | ocal

candi dat es,

whereby it becones possible to accurately detect ridges even

?mhﬁﬁ@péétes

in regions with creases. Fig. 1 shows the relationship between the parts of

the abovementP3hEMHY i TIRG patbreanh oy prstddeocragdsg patrerns

corresponds to Fig., 9 of Japanese Unexam ned Patent Publication No.
several by cdnidp

Hei - 9- 167230%

%or¢ ued giidhtsant IBher 1 haveyed msqnered 1y,

Geaot o9 Of "efeaded atd' S AR B N 8 Sl o d i el GRS 8T
i nf ti ' ' rt ., ref . 13 d . hi ghl
ol e Ta A SRS il Yt BN e e, S i ey acent

: . . I 15  d
oo LL U B LA P e dan S ELLLIER SR Sl SR A 902
generating

ing " part, and reference nu i mage

Pahdi ddLidbve TQ};&JHQH yaér(fictﬁle& aomhgef elg:lcce’a::iI %%%%’ip@gﬁe%%zPart 13

corresponds to the first ri

e candi I mage se Ing

11

continuity eygsaty N Rdomkd fodisisld NG %&urja%elaﬁ%t@d@ﬂdg%\éale%ﬁli ng

part 15 of the sare publication. The adjacent regi
14 and ri dgeigarsh O wital eGldda@Part 15 correspond to the opti numridge

candi dat e

n group

| mge sel ecting part 17.
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

ting part



Fig. 2 is a flowhart show ng the operatlon of the 4 7 Septenber 2005
processor of Fig. 1. In Fig. 2, the inmage input part 11 reads-
fingerprint/pal nprint as an inage and su&rlles it to theS ﬂﬁ@&bmimOS
information extracting part 12 in the fortn~of a digital image (S701). The
| ocal "information extracting part 12 divides the inputted original inmage
into two- dinmensional local regions (S702), and extracts a plurality of

t hat di_da d t h | |
'(L“é‘nig.snaf t ergrr?‘é%%??%d"fefhr:nfei' gz%h? ot Fhieeigaty ;nd t(l§?§%f Pamgf@# jeaton
numbers are O, pach extra ri dge candi date i nage.
extracted rigégggcgﬁd%d g?ﬁ%ﬁ%% ékﬂft?Pt%ﬂ??ﬁtﬂﬁ r%HH jies

region detegm g%gghgaﬁc&?l ve#g&ﬁ)?gf‘?dl d e seJ etfteflféfn’%(bp@rjerb tgﬁgar}d | mage

generating part Fespec

determning garg &g itd gfmgégd dg? tqﬁ} %E%lhE%E| ﬂakggpoe%%rggﬁ%gflned

as ridges anong a p urality L candi d5Ce |mages an cal

including thgarki ﬂgeal&mwa/héei g}?\pt%_ligeéafcgf:lgcﬂﬁ')e} jféfﬁhe 4-S704), and

t he ridge candi dates and | ocal Jacent region

group det ect §igeRpdd énd# 16@9%&@:{%@8{@70#' eaid %Métsl% pg_
generating part 16, respectively. The ad]acent reglon group tect g part

14 finds allofl peabes e@ﬂ@@%f@%ﬁ?ﬁﬂaﬁ@@'ﬁ}ﬁe%% ded oty %
reliable regions (S705). For exanple, as shown in g3 when t'he highly
reliabl e regéacls (stowndyisiarfhdied i fBr, aferd o, td hsﬁs nedHdgEs (shown by
| i ght -hat chi ng) adj acent to

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



|

the highly reliable regions are detected as adjacent regions. Next, it is
j udged whet her or not the nunber of 5 7 Septenber 2005 ad acent re%ions IS
one or nore (S706). For exanple, in the exanple of Fig. AcptenbalPhe
nunber of adjacent regions is nore than one, the process progresses to
S707, ‘and ridge inmages are selected anong ridge candi date i nages for each
of all the adjacent regions detected by the ridge candidate selecting part
15, and the 'gigg ' r 6. .i otjifi of e _sel ect ed, capdi dat e
nunbers. Forée aﬁ%?gﬁgaﬁgﬁﬂgéﬁ%fgé énée9§ﬁi %jéﬁtkegé?nﬁxsgpf%ar%ﬁegg%ut

for (he adi aceipldPfy ol yf] Gate he GaNIdlate: NALI JagBaLl o Ty

. e
is selected anong ri andi dat e 1 nages Nroug n t°hi's case,

the candi daggré MEGSn 2ons, Sﬁiégéﬁjceé\é,e rogtﬁgess%lrsggtgf%f L ULRS 19440705, and

with respect to a highly relirable region or a regi'on selection for

whi ch the progesss Nase eadibdbtdd landitl aSk{Ye "G ARG LA MAYR Fe)rt BRENNLEN! ¥
reliable regions nor regions sel ection for which the process has ended are
detected. Thallishe iddjdeeresediond Hetdtited Iby aHO NS dficagendake | over
sides to the previously found adjacent regions are found. Next, it is

j udged whet heglertiwg pdet 18 heid afhadimeRNlgdiRGiaAihdg a2RE 1@ igore in
S706, and when the nunber is one or nore, ridge images are selected from
the ridge camcliifiediofgdse ofelddtetljcaariildategimmbers .S707.  Then,
processing. from S705 to S707 is repeated. Wien "NO' is judged in S706,
processing has enddr fexamgle | oduwn magidinste selidvati onheriocegeiggnésat i ng

part 16 creates a whol e ridge )
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 Jjudged whether or not the
number of adjacent regions is one or more in 5706, 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



In the fingerprint/palnprint inmge processor disclosed 7 Septenber 2005 6
in Japanese Unexani ned Patent Publication No. Hei-9-1672305¢pimbeyg9os

menti oned above, it is possible to extract ridges wthout influence from
creases, however, since ridge imges areédeterm ned for each |ocal region
by taking the continuity with adjacent regions as inportant, at a portion
including ridges with great curvatures such as the core shown in Fig. 4A

or the deltaighompahds&i Gneddnindmoe taandhdatasstingl wd .ngecr-eases 28d h

-good continuity may be selected rather than images including ridges even

when the ridgeslase méeaione@sabddang it ios fadd kel eoft o iedgeraextt raicigeen.
SUMVARY OF THE | NVENTI ON Enbodi nents of the present invention seek to
provide a fwhgeoptiinfpadmps i ftorprocsssoy, dndvgracessimg matdysd, insagd sa
programtherefor in which ridges can be accurately extracted even from
regi ons i ncl@adéngebenhined efof erdaskxcahdogpran dns tatdineditiy ri dges with
hi gh curvatures. According to a first aspect of the invention, there is
provi ded a f?%@%%?%W/%%W@?ﬁ@%g@e%%s%%rlwrﬁrn@t & RAFdiYgtin
part for readi nﬁ-in a fingerprjnt or %glq rint as an.nage; an extracting
r

part for di viaFhgithe FIgRs pritrt /P8 VA TS i 1St dRS &6iths and
extracting ridge candidate, j m show n ossi bl e ridges, f.or. each |ocal
region; a de?}é‘g‘?ﬁ‘ njrrﬁghp%'rt%o‘?lg%eer%vﬂrﬁ%g&own in Fig.0%B, iMage

' candidates including creases with good continuity may be
selected rather than images including ridges even whenkihe

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




candi date images that are highly likely to be judged as ridges anong the

extracted ridge candi date images and | ocal regions including the

det ernmi ned candi date i mages as highly 7 Septenber 2005 - 7AcpicpheaBf@d
regions; a judging part for judging whether |ocal regions other than the
highly reliable regions are ridge exclusi’ve regions or crease and ridge
m xed regions wwth a mxture of creases and ridges; a selecting part for
sel ecting candi date i nages that are supposed to show ridges anong the

ri dge candi da&Biipbgesedioses; on AvEdia) it ciddt eridyyipigowingedtharonogadh

ri dge exclusive region and crease and ridge m xed region; and a generating
part for genes@idmg oichavhollean nage tageldy are e lcandigdates iamegesdale t he
highly reliable region determ ning part and the candi date i mages selected
by the sel ecexnbupbve . régioordioy ¢reassevohd iakreatixsfd theg liomgemiiténa t her e
is provided a fingergrint/palnprint_inage processi ng nethod conprising

t he steps ofmidhdraget rredisryerpt i ptdass’ palaphaaiings tart fédge; divi ding
the fingerprint/palnprint image into |local regions and extracting ridge
candi date i fRbRStEHOVERRF PSS IR gsdeR T GrreatPRes Yegihgy, Tidges

S T L AT L ALY A o B o9
determ ned CandSBLe ARRESCIL ALY, felUA SRS duta e ekl
regions incly iPEdéé‘%mf;%‘éétP £ord) a(ﬂcﬁ’gaezge dé’atci_rngcrpea%sce%}dg@n%gc%ti@gxec'
regi ons inclu INg a mXture o1~ Ccreases ana ri ages,;
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




sel ecting candi date i nages that are supposed to show ridges anong ridge
candi dat e i nages based on evaluation criteria provided for each of the

ri dge exclusive regions and crease and ridge m xed regi dn Pty geéer at i ng
a whol e i mage based 7 Septenber 2005 8 on the candi date i mages of the
highly reliable region determining step 8nd the candi date i mages sel ected
in the selecting step. According to a third aspect of the invention, there
is provided a programfor causing a conputer to carry out processes for

di vidi ng a fdmgefeprdamdipritprindgdsmage dhd ai ghdgalrenagioors ragd oaxt racti ng
ri dge candi date i nrages showi ng ridges fromeach |ocal region; determning
candi dat e | nEgesnithats artedhighl ywHe keinditdatle imadges sateng cdheénextieract ed
ri dge candi date i mages and | ocal regions including the determ ned

candi dat e | meges-tdsichisgtdp: rel i abl e regions; judgi ng whet her |ocal regions
other than the highly reliable regions are ridge exclusive regions

i ncl udi ng the exﬁ%%%ﬂﬂﬁ;n9ﬁtqi%k?ﬁ#ﬁﬂﬂ%ﬁRﬁthFéag@eaﬁ@vﬁn&g@nﬂi 8§rEedPons
including a mxture of creases_and ridges; selecting candi date i mges

that are supfe¥eda% & HEwW IR &L Tarfeiiy Tk & CRI® VCETdITPat@ T ¥miés based on
cvaluat {on SLiLSILapionl dag [, och of Lhe 1l Aag erclyslne Legigns ond
candi G2t e TGS LS Mty Sl SO S I 0o A e
THE'DRAMVNGfﬁd%§§(¥F%H-ég%%slocal region; determining candidate images
| that are highly likely to be ridges among the extracted

ridge candidate images and local regions including the

determined candidate images as highly reliable regions;

judging whether local regions other than the highly reliable

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




- 8a Fig. 1is a block diagramshow ng a conventi onal

fingerprint/pal nprint imge processor; Fig. 2 is a flowhart show ng the
operation of the conventional processor of Fig. 1; Figs.7Sertcan380%re
drawi ngs for explaining processing for selecting ridge imges of Fig. 2; -
9 7 Septenber 2005 Figs. 4A and 4B are drEawings showi ng exanpl es of
portions such as core and delta portions including ridges wth great
curvatures; Fig. 5 is a drawing show ng the construction of a
fingerprint/pal maigit 1 mege: pyeeaes siifaeenshag g aAtorgidadiorent of the
invention; Fig. 6 is a flowhart show ng the operation of the enbodinent
shown i n Fi ¢firfjedsginty/ beslng rdiraw ing: csh @uidag: sssvrexanpl e of a
fingerprint/pal nprint inmage having regions including a mxture of creases
and ridges and r&yions iicladilngrdtitet estistiencelef adedggsianlof, thieg. 8 is a
drawi ng showing the results of judgenent of the fingerprint/palnprint

i mage of Fi (Forpemtipnadgimsipcdssmure jHidgi dg part 17 of Fig. 5, and Fig. 9
is a drawi ng for explaining power of |ocal imges. THE PREFERRED |

EMBODI MENTS OF THEISNVENTIZOY Ffe 3 B edidsnied memid Bl ih@51eessitd

i nvention ar xpl ai | ow with ref h ( anyi n rawi ngs.
entio afeor ese%_e%tr}_endg breidoge V!r&agese-oefr anl%e. tZO; the acconpanying dra gs



Fig. 5is a drawing show ng the construction of a fingerprint/palnprint

i mage processor relating to an enbodi nent of the invention. in Fig. 5 the
same synbols .are attached to the same conponents as in 1$epteoberddf? onal
processor of Fig. 1. In Fig. 5, the imagedinput part 11 for a scanner or

| ive scanner reads-in a fingerprint or palnprint as an inmage and inputs
the fingerprint/palnprint - 10 7 Septenber 2005 i nage. The | ocal

~information extractlng part 12 divides_the, fingerprint/palnprint original
e %ﬁﬁ§$§g§ﬁ5ﬂﬁéa

i mage i nputted frobt¥he fhadRd $RpR¥e fAFIVings $HOVER

regions, and extracts a plurality of ridge candidate, i nages showi ng ridges
existing in BIERLPBEaFUFBGRENCPFBNFRACHEL BR APOFEYPRS. 1xpEud NG Ml dge s

di scl osed in J%ganese Unexanj ned Patent Publication No. Hei--9-167230, the
| ocal i nfor nltir8nI ERFr GRFVAGUPSFt 12 applies two-di mensional Fouri er
transform to eachFimo-ginensignal.locq%%rggio extracts a plurality of
peaks correspondi ng £o Wi t¥ef et Y oF NERET Dt sF oS %?/‘é]s‘;% o peaks at
the Fourier f& ) LN e from peaks with, greater anplitudes
or energy inkgﬁgéigggé?ngéﬂﬁfléﬂeﬂ%%% s?rgﬁﬁsggﬁa?ﬁ%°¥$hﬁﬁv&9cﬁ%ensiona
sine waves i t as ridge candidate i mages. The

hi ghl y relia%ﬁ%6§§§?§ﬁ ggt%$%1%§ﬂ§§€£$ 13 determ nes ridge candidate

mages that are highhy &ike!y ¢ foudifard AR5 ARG NopOL A AL Ly ofpd | dge

candi date i mages of ~each [ocal region, ave been extracted by the
local inforambb@imextrsediRgiRaFiglss, and deternm nes |ocal regions

i ncl udi ng such candi date i mages as highly reliabl e regions.

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 power 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



As nentioned in the abovenentioned publication, the highly reliable region
determ ning part 13 evaluates the ridge candidate inmages in each

t wo- di nensi onal region regarding the degrees of. |ikeli WobeaptatbendDpy
ridges, and selects ridge candidate imad&s-having the highest degree of

| i kel i hood of being ridges of each local region. In this case, the highly
reliable region determning part 13 selects ridge candidate inmages with
the greatest anplitudes anong the ridge - 11 7 Septenber 2005 candi date

i mges of eatH¥BcalTheediogdl Tad ozdpddon: ex&giesh iggoppraetlecdivgdesar theq
detects all _blocks (local_ regjons) that are neither highly reliable

regi ons det ef MMAREPHYNERANIRIMAE (A1 ENA rapTsh iqnurvathi figem e i asor

| ocal regions_in mhic€ {%&ge candj date, i mages have been sel ected anong

| ocal regi ons™BYf ak®h R BN iR h sL oG I e Qi g A nd R tdeRaE S

I mges have been selected. Hereinafter, thus detected blocks are referred
to as adj ac%n?f?lé%#%%.o%tﬁll-‘f%iwci tf L HARRT rfg‘%rtg FAGRRyes  al |

dj t ' t t.h ' t th ' | ocks, i ncl ydi
l?ﬁ ’x?}i?_Q ?¥ e%%%gée%ffe L ieaga@ts Tingah e Seli%ha{ﬁca%ﬁﬁ%rér?f?#p'ﬁﬁt h
ocal infor X cti . ncr.e .u saasto et her
or not the n?%gl ]r'fg’ aér% %ﬁé(}%k%%ﬁlcﬁ%éar?gaorﬁesrﬁ ifrl%%ar%fnegfg%esntand ridges
are made so bt idde foy e HASW. LI A, Und d N e AL dile of a ridge

candi date image wth e greatest anp ude or energy aroun

corr etsrﬁgndi "xPPAdEiRd g 1OWHE Y ARG -RYintdife ;U iR Al A Cadiglat e
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

reliable region determining part 13 selects ridge candidate

images with the greatest amplitudes among the ridge



second greatest anplitude or energy around a corresponding point at the
Fourier plane is smaller than a predeterm ned threshold, the block is
judged as a crease and ridge m xed block, and if the vallfepiantiecal@@s, the
block is judged not to be a crease and Rildge mi xed bl ock. The suitable
ridge. candi date selecting part 18 selects ridge candi dates based on
evaluation criteria that are different for each local region in accordance
with the results of judgenent by the region feature judging part 17. The
processor 5 efngidpte images piSgrand@caloo®aiorporarily stores data at the
m ddl e stage of processing into a storage device (not shown) such as a
menory as necessarif athifGetdesiion KEows deiectdass pary flér desegts
processi ng. Next,. cancrete operatjon of the present enbodinent is

expl ai ned i n® tQ&QC t@FQQﬁ¥H¥ﬁﬁﬁ9Q%)fqﬂ§ﬁlﬁﬁﬂ:W§ﬁ¢P@¢ bighlye reldaplg 6,
i g tal | | ragteO R SRR Y (iR sm L e GO, KEeERaengo

t he | ocal iq%or i.on tracting part, 12 (.S 0%). The local . information
extractin ¥t % dijk g':%ceiajherea%tﬁgﬁ*ré'rﬂ i‘%‘ﬁ'@é 6 CERIdLadEndMagR8ge i nto
tmo-dinengigigé l,oc ge¥g ns S202),, and ext.racts pIur:?}t of r?d e
candi dat e i MRQes bes‘%lovmeng %e&beaéno&a JORY T ILLY ﬁ@-aﬁ’ieﬁé:nﬁooﬁgle I188§&
region fro - qi [ I . i 0 T extr ri dge
ca%di dat e irr@a S a%\éﬂ}sg'%p |echtrbgdet ﬁ%qﬁlg;ﬁ%% q‘?“eal(q;%éb%)eavreeg’%gﬁl éatl%%t%%ﬁi'ng )

part tifhgr_gg';%rbl%@@éﬁg@, IR e RAdg %?mc%;i LW ¢eFedgRLRdat e | mage
adjacent regions. The region feature judging part 17 judges
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




and i nmage generating part 16. Herein, when the resolution for input inmages
of the image inputting part 11 is set to 20 pixel/mm and | ocal regions
are set to be square (see Fig. 7), the length of one si deSaptentive20dTa
regi on becones approximately 8 through-322 pi xel s. Wen extracting ridge
candi date i mages, as nentioned in Japanese Unexam ned Patent Publication
No. Hei- 9-167230, a plurality of inmage power spectrum extrene points of
|l ocal regions in order from higher points are detected, .and

t wo- di mensi ohemperasikkvetores réspomt nche anidrblexs rage of I&ocksﬁseptgarrber
2005 points are regarded as ridge candidate images of each local region.
For exanpl e, 1BtR @i @feragaddesies | mefeshowwn) esucacrec frgrwacts | ocal

regi on. Next, paranmeters _characterizing sine waves corresponding to the
extreme poi RESCPRRFEof 2B¢ ereafle Tl deh drkn GiS tIRCRSAFELQoidRER of  each
candi dat e |nage and_ recorded. An exanple of such paraneters is explained.
This is di sBFBE8ESLRIt he abovenentioned Japanese Unexami ned Patent
Publication No. Hej-9-167230. First, when the coordi nate val ues of t he
n-th peak of a Ioclgl‘?XFeg‘F%cW‘fe (PE=HE00 R 8 present FRQEMeR i ar e

oot 10,3 " kbl asffa, ShLabidur W1E) osale oty nEL1 0 X pasting perl, A2

EQFCEFZF edTE§ f or'quLHrrLPf ggd(zé) ’ﬁa#& 3! r'atté’%? i forlén‘gﬁl“ u&’é"t‘)fé:dtlﬂyr%fagllsnﬁfla &3), the

frequency iseealoplaigd By o1y g éﬂgagltal image, 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



the power around the peak is calculated by formula (5). a(| ]) = 2_F (ir3)
(i,j) 2t =12 .6 njj (nr 9n )l r r phnirj) =tan Im((i'j) (i.j)) nn
| Re F(E(1,J) TI j)) nrn=1 2, ...6...(2) [~_ tan-'7Septenther2005 ... 6
-(3) nfnr7) - 1 nir7))2 + (,nnir3)~2i13 % 2, . . . 6 64 47C2(374 van
J) _2F 25 n}r ~ () 642 (~,~1)e n1'J),T[nlr])) close to 8 - 14 7
Sept enber 2005 Furthernore, the whole power of f is calculated by fornula
(6). 4269 vt;(i  J) =3131f F(~ rl)l2... (6) 642 ~=-32i1=-32 An
i mge deternPﬁéEtEyarﬂeSQG@GMQ@Ed%rEld@eemgndﬁdﬁnbemmaqaﬂIqﬁManﬁKchqb(>g
y)=an(i, J)cos[2xfn(|, j)(x cos(dn(i, g
ion. For example, six ridge candidate images are

extracted from each local region. Next, parameters

characterizing sine waves corresponding to 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’ i=142...6 - (1)
. T (1.3)’ (1,:1)
phéd = tan m{F‘gu) T )}i = 1L,2...6 -(2)
Re{ § ] ,rlnr] )}
o i '
dS? = tan™ 2 _l =1,2,...6 - (3)
n (i,3
Fan' .
.. 1 T ey
f](ll;J) — _4 \/(aglr:l))Z + (n;rj))2l — 1’ 2’ ...6 ...(4)
oy 4n*e? _ '
vald = 222 > 20E Wt (5)

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



+y sin(dn(i, j)))-phn(i, j)] ...(7) Fornula (8) expresses candi date images
showing ridges in each local region. k;,i."} (X Y)ln=i .. (8) The |ocal

i nformation extracting part 12 cal cul ates these paranet &t Septeraharddas ( 9))
for each of all local regions. k (i,j)=i M4 =d(i,]) f(1,7) va(i,7) )6 t(i,i)
63 63-... (9) n, ph( nr n, n, nn=i, i=g=0 As nentioned in Japanese
Unexani ned Patent Publication No. Hei-9-167230, the highly reliable region
determning part 13 deternlnes r|d candi date images (highly reliable
candi dates) that af&" HRGHIGTSi KEg WPife RAtRfedlatd HosAlcHlggieshdy

i ncl udi ng thg@detﬁ?ntﬁed ridge candidate images as highly reliable regions
(S204) . The T8y highly reliabl e candi dates and highly reliable

regi ons |nclud|ng the hlghly rellable candldates are supplied to the

adj acent ? @@ gréupsde ctég SU|tabIe ri dge candi date

sel ecting pa ﬁ% ng pa }) 16. Herein, the highly
reliable region deternlnlng part 13 eval uat es aII ridge candi dat e i mages

regardi ng t deg S es for_each of all |ocal
regions, and sel gd@%#mﬁé%r&%gqnﬁ%%ez%n%h mdde SERT RS irage
having a Mggbfggw e of likelihood of being a ridge fromeach |oca

regi on, and regar s the selected images as highly reliable candi date

i mages. I?(V)\_{Dl ?m}k n i o’tsjﬁ)e(?aés %(queq )i& tc%%(d%t((lv,e%r]ti oned

publlcatlon mensi-oha
+y sin(dn(i, j)))-phn(i, j)] ~---(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

Lo .o e x . 63
(1,3 .3 (i,3) ) (1, 5 16 (1,3
{{an y PRy, 4y, £ Mamir © M i 0s g

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

No. Hei-9-167230, the highly reliable region determining
part 13 determines ridge candidate images (highly reliable
candidates) that are highly likely to be ridges and local

- regions including the determined ridge candidate images as
highly reliable regions (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



transformis applied to each two-dinensional |ocal region by the |ocal
informati on extracting part 12, and anong obtai ned peaks at the Fourier
transformng plane, a plurality of peaks correspondi ng t7cSapidniter 8095

t wo- di nensi onal sine waves are extracte#l5in order from peaks with greater
anplitudes or energy around the peaks, and two-dinensional sine waves
correspondi ng to each peak are regarded as ridge candi date images, and
furthernore, a ridge candidate inage with the greatest anplitude anong the
ri dge candi dene Yidgpesaidisatte imoradiheerisiomalhigicaegreg af ildkeddhoddd. as
a highly reliable candidate inmage. The adjacent region group detecting
part 14 findkf feinmculridag ohron aficic decalegiegion, adidacegards the hi ghly
reliable regions (S205). For exanple, as shown in Fig. 3A, when highly
reliabl e regiRCtedHaIRTas afarid Helic medgpbdee afardisted® imagiesns (shown by

i ght hatching) adjacent to the highly reliable regions are detected as
adj acent regions. >&¥GQQ%¥Qﬁﬂ%kégﬁﬁr§@ﬁ@n GSoerdd i 4§ pRet 14 judges
whet her or nqt the nunber of adjacent regions thus detected is one or nore
(S206) . | n tIRCVEEGHA @D muplisRtiane tHamskmesys iomadc &9usiedi ons is nore
Unber of  adPRBTRO bGP RIc & b e Argh & 0ol e G TodO6PG. [80GPAgDY- 16
{ Sept e G ARl e T B O S e e
o o0 oY L RS SR MR s ARAYR ot her o

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 S207. Furthermore, when the number of

adjacent regions is one or more, the region feature judging



t he adj acent region group are regions including a mxture of creases and
ri dges based on the local region information fromthe local information
extracting part 12, and notifies the suitable ridge candi3kptemlss2803i ng
part 18 of the results of judgenent. €oAéretely, anong extrene points on
the i mage power spectrum of the adjacent regions, by using a power
spectrumratio of two points satisfying predetermned conditions, a
judgenent is nmade as to whether or not the adjacent regions are regions

i ncludi ng a P#XEule b¥ Rekhbied ahdnfamatiomhenpriduetasiinased asedionisons
are that the maxi num values exjist in half of the frequency space since the
real nunber@R3A| YERCHILS%e Thfagdnaaswrengiatimmmpant sljﬁmt@t Mot ifigse@fon t he

origin, and ggist %n a spati al fre%uenc band that is likely to involve
creases and FPUgER ?EﬂﬁﬁiéﬁelﬁP 820dpattng regégbeteptiiren Juppingi Rarsl y
0.25mM thro 1 as _one cycle). The maxi num val ues at the twg maxi num
extrene poiuﬁ%]sj"g%% "’é}ﬁﬁé‘?% Hoifts iLSGSRSTF 3R RERTENS GRgionE fsed
for judgenené eﬁ%it | s., when. t he hi ghest maxi.mum val ue _is pl and the
second hi ghes MRS TS ‘ﬂ? ALt & e AT GIC RT3 RS a
predetern?nqgg%%gégrgﬂ&L g;e réﬁ?; | s j,udged as a gﬁgise nd ri.dge m xed
regi on, and ~OtHerw s&, the te a%“ne(?soq L]%beeglofs"ﬁa T&i%Bh 4 &rﬁmtﬁ'&g’t he

exi stence of [ . 7 .Sept 0 h j oA
rati o of pomf/el?mé p%g%r%%lu#snégnrénﬁtﬁ%qg eé%ﬁ%%pggiﬂr%t%t (s%;préél:é? qrrlg)t%r};lefm)

may be used.tnd halidabldeidd & RRIa P IR RAING I8 dighest

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.



maxi num val ue is vl and the power spectrum sum around the .second hi ghest
maxi mum value is v2, if the value of v2/vl is nore than a predeterm ned
threshold, the region is judged as a crease and ridge mi’x®aptenegr@a)ds and

ot herwi se, the region is judged as a redifon including the existence of a
ridge- only..The power spectrumof a |local region may be cal culated by the
region feature judging part 17, or the power spectrum cal cul ated by the

|l ocal information extracting part 12 may be used. As nentioned in Japanese
Unexamni ned Pat ent FRiblgush ijndgemenioi 0rpA2E0L woweruspegtrure siosal
information extracting part, ridge candidate image attribute information
may be used.n$@ktthe Rxames Bt o farmn idmte lye Bes)i mgpde UE®dbel ect s
candi dat es anong the ridge candi date i nages of each of all detected

adj acent regtRs basathesh thfe RQREH (sPeFtTYM EyEh@Rosnsl thee hisdiest f eat ure
judging part 17.  (S208). Concretely, in regions judged as including a
mxture of THEHEER ‘é‘%ﬂd’“‘r iy a8t Bs'é'j/é&q PR CREGERT) Falh R rosRst dﬁ?’&‘i‘g .
ConL UL, ML U ORI 00, SAIIISLeR R Lot o S eg one
contynut 1Y, Wbtk LU L IG5 STER £ VT, oty 0
Javancse Ukl et 08 oy 0 M, IS A R0400 YIS0 a0
image in  whchifhe didead iy dd fi'?{c%.rﬁ%rﬂ;ut@e l%?:&‘ﬂ%%@lcteh%fn%ar}idqe
| 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



direction in the proximty and the direction of the n-th ridge candidate
i mge becones mnimumis selected as a ridge. In a case where the region
is judged as a region including the existence of a ridge deptgmben269%ge
candi date inmage in which the direction d8fference J2(n) between the nean
direction in the proximty and the direction of the n- th ridge candi date
image + (x/SN(n) beconmes minimumis selected as a ridge. Herein, u+t is a
constant, and SN(n) is shown by following Fornula (10). va(i,') sN(n) =
16=j vai,i) FIOPSHHeaRG| ¥hByes rapR el datidos aandgiate tinegie Hs
executes candi date sel ection processing for each of all adjacent regions,
and noti fi esVPhehabhacéhreceipe Ayt trienra ot (g betataen £hinagamge
generating part 16.0of fhe selected ridge _candidates. Next, the process
returns to SOMBECGHLPH, 1RANS RFPXMRELEEN] She gHieGtHiIgm e thegitowd or
| ocal regions, ,sel ect%g& for, which the process has ended, al] adjacent
regi ons t hat 4P 8 neiRdats gHIG9¢ eCHISS MEGHgH der SSISSHRS asel@ection for
whi ch the Progcess hg§ ended ar detﬁ%}ed. That i s, taking Fig. 3A as an
exanpl e, al | TF8gFond™hd) &&5F "IEFS S 5RILOY| 48s IBHIFAFFolsFFILBRNd
adj acent regi foound. . t. 1n.S206, . it is_judged whether,. not the
nunber of ad?ggg%(?{lr?%g?lggnsglflsé\lg%%d%.roﬁma} eljldﬁﬁed ‘W?é;.rft é'-l-éw% cap Enber
2005 nunber iﬁa@@eiﬁrw}{@ék?’tﬁ@edfxeegé@fbﬂ Al S drtd %9(‘?8 U225 the

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



of all adjacent regions in S207, and in 5208, based on the results of the
" region feature judgenent, candi date selection processing is executed by
using different criteria adapted to each of all adjacent7 Bepgérobey 2005
Hereinafter, the processing from S205-t BPowgh S208 is repeated in the sane
manner, and if "NO' is judged in 5206, the inage generating part 16
generates a whole fingerprint/palnprint ridge imge based on the ridge
candi dates that have been selected by the suitable ridge candidate inage
sel ecting paremh@r i$deRe eunrdxeu cshe heagimy £ardairyg udydddgedodiony esicghl y
likely to show ridges by the highly reliable region determ ning part 13,
and | ocal in?brabti ahlapeat neeginng et W iaibrimatS2O8 , dasescomndghsart 12
(S209), and then_ all processing ends. Herein, in the conventional ridge

candi dat e seF@RYIFE OheERRragien cERALYNE JHsigRRAntuN Canfinedtepsrdection
Publication No. Hej-9-167230, energy of a ridge candi date imge derived
from a creasRF30RBT RS HeRXRELLY &t dts i iiHar ey idréderfiromiaptiedge in
a region incjuding a mxture_of creases, and ridges, so that a crease is
erroneously _%I%ﬁéhmpéaﬁiikﬂﬁ1EFGQWMF%Qﬁ9Hﬁr oflez=ngsEetantlBat e i mage as
onl v, when RETELTH U1 6 D DA DR R4 b IR (R O FPggeame T
candidate, | It LT ool RRES FoAEOTE LD o B SH
cuoel oot COPREEId Yablencets Mo fd R MG Y ahin JASH UEE SR
2 0 7 Septeashesy 20905 he 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 (S209), 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
ffom 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



energy derived from such noi se conponents is snmaller than energy derived
fromridges, it is possible to nmake judgenent as to whether it is noise or
ri dges by using the nmagnitudes of energy. That is, althdu§épteneer@pOhavi ng
no relation to curvatures can be used-f @0 ridge selection in a case where
no creases exist, such selection is not possible in a case where creases
are m xed. Therefore, in the present enbodinent, the region feature
judging part 17 judges whether regions are crease and ridge m xed regions
or regions i®RFEEY ngeY heedxf reme rech gtoiselgrunmriantsadd tsmeldEn dbiea ri dge
candi date selecting part 18 selects inage candi dates based on eval uation
criteria suitRBFeY fRTEERM Fegmonidees t hitk ‘& @rsaildepda imgke susigemeni
core or delta including neat ridges with high curvatures w thout creases,
the ridges cah bR Whether oby 19495%e F ihideesdhtudimiohghe apandtudgst i on
performance for crease and ridge _m xed regions. Fig. 7 shows an exanpl e of
a fingerprint¥ pBMH?Y nt Thdgd ShaGiliyorgds SReTINChauitRg BO FRiatienoko
creases and ridges and regions including ridges only. The results of
j udgenent byc?ﬁ‘gaf‘éﬁ?%nc?‘gé?%r‘bge u%‘?ﬁ n‘g“{ﬁf‘r (SALIHISR dic R SRS HGETEr e
shown in Fi 8...7T. suitabl e ri.dge candi date sel.ectin art, 18 sel ects
ridge c-and?nd%t%]ée%a%séae%lf?%:e’vﬁ%ﬁ ?%%f%? G %P 1 PRSS et C45&t ween
the ridge exgl é\é&é&géé)r%@%)%&ase and ridge mxed regions of Fig. 8.
clu

In a region in I'ng a ridge only wthout creases, when Fourier transform

o e Syt FifBtddiRg) U (R preledd enlitlifiint} RE :¥giBRK 2re
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



7 Septenber 2005 with respect to the origin, and a great anount of.energy
is concentrated on the peaks. However, in a Fourier transfornmed inage of
a region sinultaneously including the existence of creaskSememberi2fg®es, a
plurality of peaks derived fromthe credses and derived fromthe ridge
appear and each peak has a great anount of energy (see Fig. 9). -
Therefore, when a plurality of peaks are detected froma snmall region
Fourier transforned i mage by using the method disclosed in Japanese,
Unexani ned PEitEhtTeSpsGtc 40 dheNerigdin, gngs 22 3geaitn apegnsnofi saradyngs
ridges only, nost energy is concentrated on an energy mnmaxi mum peak, and

t he energy %qqeé}téfﬁ@@‘#lp&n%%d HexeweFy pb’ékae%@‘ﬁﬁyef)econes great .

ner gy di f{ G BBEE G300 Gindt A9 b HISORRORTAT: RECIBEAT RER mum
Phe. scale SPIBERCE P cheasese AR bised WRORELIGH RSt PERES T ogi ons

conventi onal NG ARG GRFe C-EAREE G MBEHSA U Seoso FogR Spbear ||
"mage. dor i valt PRt PERS Be 3° A IRRHN ST SREFGY (BeFiTaF T Ddm 1 dges.
|0 3, on raleiding GrEIEe Oy 35PN HLA0RR BRI NG Cr eases

may be erroneously l'ecte he “energy-of the ridge can ate rnmage is

used as evaiahl B4t fbuied tiiihstled 3 ge i 5§ 3B Ehe! RetBoleI! ON

including only. ridges wth high curvatures,
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,



- 22 7 Septenber 2005 selection is nade for adjacent |ocal regions based
on only continuity with ridge candi date inmages, in a case where noise
conponents with nore excell ent continuiti t han true ri dge&Septesber 20688 noi se
conponents are selected and the ridge~ekfraction is failed. Energy of a

ri dge candi date image derived fromsuch a noise conponent is smaller than
energy derived froma ridge, so that judgenent is possible based on the
amount of energy. Therefore, in the present enmbodi nent, the suitable ridge

candi date sef®ctiniPhart f‘l@%eﬁ%t@l%’é‘- & ld Fiegs onsn baseds @
regions by using only direction continujt W t hout ,using energy as
sel ection cr??égﬁﬁﬂle%kw*1 norsde Qﬁﬂd%iﬁﬁéa¥ﬂﬂﬁﬁﬁﬁ(ﬁ?i§; &eW%ﬁrFégions
including the . existence aof ridges only by .regarding .ener S _inportant.
Ther ey, whi 145 SHSHTSILS (H Qi ot Lot G it theme fedenng
ri dge m xed regions,. +i.dg can .be accuratel; extracted fromeyen a
portion such]'rlacgd‘eag]ceo}?leé‘tdret & tnéolslentﬁolﬁtﬁoﬁlge.r‘r%atarrel gfélsec\%etiyaﬁdg% Eur vat ur es
wi thout cre S S tea e %;sogﬂaaﬂeacﬁc%ﬂéﬁgyt gft ge kﬂé@&%ﬁ&ih%té‘
program descri bl ng processes for execution or-tnhe ~abovementi oned fet hod
for processifihfe fdéméﬁ'%c{np%dm{ |01 P Ydmp t %Ts [s'?r%llire‘?cgft?.@ncaus?s
a conputer to carry out the processes fbr. Fvirding a tingerprint/pai mprint
i mage i-nto diRGAly [RUHOAS ¥Ybid AU dd %&?%Me%ﬂ TRIBDHss1BAW N9
ridges fromeach 'l ocal region; determ ning candi date 1mages that are
hi ghly |ikelBaded b MHgemMAMRNGH Reer@yt.r acted ridge candidate images and
| ocal regions including

' . 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;



the determ ned ridge candidates as highly reliable regions; - 23 7

Sept enber 2005 judgi ng whet her | ocal regions other than the highly reliable
regions are ridge exclusive regions including the existernt®eptahberi2008s only
or crease and ridge mixed regions includédg-a mixture of creases and
ridges; selecting candidate inages that are supposed to show ridges anong
the ridge candidate images based on evaluation criteria adapted to each
ridge exclusive region and crease and ridge m xed region; and generating
a whol e | magdge Wether dasdildaegiomgedhsir thika khghhyghdlyi aBléabagi on
determ ni ng process and the candidate inages selected in the selecting
process. As REQMDeFrasoiidde fEedlvg reaueas dneduddnyg thaedggaskescear e
made as to whether regions including a mxture of creases and ridges or
regi ons exclUsiZl9rs iGRIT AT Fread§e fndafd Ao Higede reqdges aprelydiast ad
anong ridge candi date inegﬁf by changi ng eval uati,on criteria hetween these

two regions WHEM S FaGLaMFasS dges ris9asiaselackddy candpeaseciragery
oxtfacted [T SEUER Ston i 120 oo S8 Rl el il M it W
Lngerprt 0 Sl il d e REAEEISn SRS MR PRl R Rt (OF
dividing a exclusive region and crease and ridge mixed region; 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.

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.



fingerprint/palnprint image into |local regions and extracting ridge
candi dat e i nage show ng possible ridges for each |local region; a
determining part for determining candidate i mages that afecpieghén200fkel y
to be ridges anong the extracted ridge candidate i mages and | ocal regions
including the deternined candidate inag&4 as highly reliable regions; a
judgi ng part for judgi ng whether or not local regions other than the

hi ghly reli afrizr regicaegvare 1si:dge  excl usive regions including the

exi stence of ridges only or crease and ridge m xed regions including a

m xture of creases andfindgepriatgpehbepthgt patdgd grreelseeti ng candi dat e

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

based on evatwprignireriteri a adapted to each of the ridge exclusive
regions and crease and ridge m xed regions; and a generating part for
generating a whol e i rRafbiisasied paort thee eaadiidaténi angbsgefpting mmghl y
reliable region. determning part and the candi date i mages sel ected by the
sel ecting pafdlMErinthes iamgdimg@ient / pal nprint i mage processor according to
Claim 1, wherein the judging part judges - 25 7 Septenber 2005 whet her or
not |ocal regions 3t SHEFTNNT RALiTRF tHe'1ddxidsBence of ridges only or
regi ons inclydi ng a mxture of, creases and ridges based on power spectrum

ratios at a Pt TIRF /g SR e PRIR S5 tli?é?%ﬁofglglioﬁ’ﬁgé‘nﬁlomer

spectrum 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 among 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



3. The fingerprint/pal nprint image processor according to Claim1, wherein
the judging part judges whether or not |ocal regions are regions including
the existence of ridges only or crease and ridge m xed refemesberl2888d on a
ratio of the square roots of the power-sgéctrum at a plurality of extrene
poi nts of the power spectrumof |ocal inages. 4. The fingerprint/pal nprint
| mge processor according to Caiml, wherein the judging part judges

whet her or not |ocal regions are regions including ridges only or regions

i ncl udi ng a Y&ther of rokabesahmegiaeareasgians dadloslisly sdves of power
spectrum conponents in the proximty of a plurality of extrenme points of
the power .Sp:EEeRGR oPf | BEdges rayes . o1 rethond dgwrlmding gampptiure ofage
processor according to any one of Clainms 2 through 4, wherein the judging
part uses extFefgeHornd ereCXQ%tbéF%ﬁd AT RAVEI SRAFEr Wb FHsdAGR @t @ t he power

spectrum 6. The fingerprint/pal nprint inmage processor according to any
one of d ai rrEl'ér?#r‘iﬁgg‘HPfx SiBPHHohPE rlagidc timfHSe RO™&Fe poi nt s,

t he first.naxigun1extrene poi nt "and the second maxi num extrenme poi nt
within a rang@®FH WAt ch frequencies are effective as ridges are used for. 7

Septerber 2005 - 26, B YahRTgr s L TASaLORETBRLOL BELTBALAL | e

sel ecting papt Hsefind ey W L sdieypd nquchiq-%e 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



candidates as criteria for selection in regions including a mxture of
creases and ridges, and enploys continuity and sum anount of energy of

ri dge candi date inmages as criteria for selection in regidlsptembir@Didag
ridges only. B. A fingerprint/palnprint imge processing nmethod conprising
the steps of: reading-in a fingerprint-opepal nprint as an image; dividing
the fingerprint/palnprint image into local regions and extracting ridge
candi dat e i BB, $HWM Ng possible ridges for each local region;

determ ni ng candldate imges that are highly likely to be ridges anong the

extracted ridge Caﬂd'@ﬁéeth@Q%ﬁr@ﬂg/pé@ﬁ?klﬁ%ghﬁaée'@QBHQBQGrthe
determ ned candi date images as ~highly reliable regions; judging whether

| ocal regionscebheinghes ihg bghby creinabl ecHegiQNSs At ddedge texcl usi ve
regions including ridges only or crease and ridge m xed regi ons including

a mxture ofeteeases pade rasgescorselcitingycandateuridiage s itdigt are
supposed to show ridges anong the ridge candi date i mages based on

eval uati on candedaaeadaptadtearieadvmofsdlketriiogdgd nexelqusngeinegindinsgaad
crease and ridge m xed regions; and generating a whol e i nage based on
candi dat e i maggbunt of herdi o yand| iiaddes r eyidrendetayr s ginig rstidy amdl
candi date - 27 7 Septenber 2005 images selected in the selecting step. 9.
The finger prfaf/ PaPwpEi ¢t ¢HeEEY pPodesidncardHiate daestal P <& iG=iim 8,

wherein the %udgln step judges
or “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



whet her or not |ocal regions are regions including the existence of ridges
only or regions including a m xture of creases and ridges based on power
spectrumratios at a plurality of extrene points of the 71 8gatmbared6s powner
spectrum 10. The fingerprint/pal nprint Pfage processing method according
‘to Caim8, wherein the judging step judges whether 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 plural i t§29%S exe1eFEEDothihDISAIRE YRS Rect rum of [ ocal i mages.

11. The fingerprin /palnprlnt | rage processing nmethod accorgding to C aim
8, wherein the judgi ndr& é&ng&agé n QWBFlB% ABRIPOREPCRERF BHSME RO

regi ons including,ridg i ons includjng a n1xture of creases
and ridges ?)%%%’gd%%grﬁ?l%ﬁ Jd%/ asuﬁ%h%‘f sb@i:‘i‘glﬂn in the
proXini?y of ural extrene pofﬁ?s of the omer ectr n1of | ocal

i mges %?pg?%ty?ﬁﬁ%nﬁ??ﬁoqﬁnﬂﬁ§ Qﬁﬁﬁﬁé cording to
any one of h extrene i.n s exce faor. direct
ur ont con%ne > .Hﬁ%ﬁﬂéﬁ WS SR g q—fé’t e O
fingerprint/ £ gne of

d algm;p9 thr%ﬁéﬂy‘%ﬁn&%erel a?r’ci)aﬁsaesd %@%pﬁ&%ﬁu‘%% %5'33& spectrum
extrenme poi Puréf@t{v'éﬁtemlﬁ@rﬁcﬁﬁﬁg§r@f R Mod itliyes ot maxi mum

extreme point wthin a range in
: 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
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fingerprint
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surroundi ng

encies are effective as ridges are used for - evaluation. 14. The

[ pal nprint inmage processing nethod according to any one of
rough 13, wherein the selecting step uses cori Septérhlyer@00Hh
ridge candidates as criterid8for selection in regions

including a mxture of creases and ridges, and enploys continuity and

anount of e
regi ons inc
carry out t
| ocal regqi
each | ocal -

i ncluding t

nergy of ridge candidate inmages as criteria for selection in

| uding ridges only. 15. A program for causing a conputer to
ROV &5@3"3‘@1

sum

GELTAMA RN A ithgefgmisth Meailmym exticemge into
ons and extracting rldge candi date i mages showi ng ridges for

(SRS L Aivdt i QeSS Hiedntare thiighiey TRhRel 0t o
be ridges aﬁgxgglgﬁ_extraqted ri dge candi date i mages and | ocal regions

MAERCETiARR SHERGGITaSS KigHeF Ade a5ed £84i ons:

- j udgi ng -whet her onznot | ocal regions other than the highly reliable
regi ons are rlﬁhﬁ§ & usi ve regions including t he exi stence of regions
only or crease an rldg

A t f d
cet i ng dand s B2 RpRETpRLpa ﬁéri‘atpg%aé“ BESFi59P2 79 difed hong
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th id d al t d t, d h of
the ridge exdlioiund EEhy UG o ALY stk o v BERBIE! thia " 20
7 Septenber OQ3geRe rs%te'pn%s% sVWnet RS t?.ﬁ%:%d s%@r%%?ﬂ:&%t ¢ilgages of

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 fingerprint/palmprint image into local

T

regions 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
ciiteria adapted to each of the ridge exclusive regions and

crease and ridge mixed regions; and



the highly reliable region determining process and candi date inages
selected in the selecting process. 16. The program according to C ai m 15,
wherein the. judging process judges whether or not |ocal T8¢ptember2085
regi ons including the existence of ridged2only or regions including a
m xture of creases and ridges based on power spectrumratios at a
plurality of extreme points of the |I|ocal inage power spectrum 17. The
program according to Caim 15, wherein the judging process judges whet her
or not local regi JRPEHELINRG sheliendmadiendased ©f siaidade drdges @fl y or
crease and. reic c{glerﬂ}g]\[ xed reqgions based on a ratjo of the square roagts of

r

the power spgd Y %t § (R LT A EGHRRITHINE PIFCTFe ansbwanddsiats um
of local inages. 18. The ogr accqording to Caim 15, wherein the
j udgi ng proc asg‘?s[lcfgee]se%é‘{ h]gTq‘g;re r?(ﬁ%chzdgﬂg RIASHRS-are regi ons incl udi ng
ri dges only or regions,_ including a mXxtyre f eases_and. ri dges, pased on
rat?os of guns of%ﬁ§MBFheng89F8W188ﬁ85ﬁéﬂgs%Pn8iﬁémpiéxiWFF§€ B Ege 3
lurality of. it ' . t r_spectrum of .local. imges. 19. The
Br ogr am gcc&uﬁgﬂfﬁaﬁégﬁéﬁ%e&gﬂﬁ% { dl?&h%a]vﬁeergéﬁo T/KES udging
rocess use 4 . i Nt ent., .f I t ts in the
Process uses SHAHIT A0 STl o MR RYRINA, the
18, wherein g &ﬂﬂiﬂgjf' & mpiBAd ! B0 SR PULY %}iéﬁf&% dddeid d@ﬁ] extrene
poi nt and the second maxi numextrene point wthim a range in I C

frequenci es.gpcareff @t MR 3 a %ur@l@.@:@t Y% 2 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



ridges are used for evaluation. 21. The program according to any one of
Clains 15 through 20, wherein the selecting process uses continuity wth
surroundi ng ridge candidates as criteria for selection ihS¢eghber2005
including a m xture of creases and rldge§0 and enploys continuity and sum
anount 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 NETHCD ABSTRACT . The re ion feature judging part (17) judges
whet her | ocaF1a9e% &FR wsd rfqp AaluatiRiting ridges only or regions
including a m xturge of creases and ridges, and the suitable_ ridge inmage
sel ecting part (18%tsel& ?rpﬁﬁe@sa§58ﬁﬁh§g trdgay grBngLirFdgémeahdi dat e

i mages based ﬁn eval @ q} crit |a da ted to each of the crease and
ridge m xed “PEGIER ERsisich LI @ROcesy uses continuity

with surrounding ridge candidates as criteria for selection
in regions including a mixture of creases and ridges, and
employs contihuity and sum amount of energy of ridge
candidate images as criteria for selection in regions

including ridges only.





