
;e3e8N8|6TNvF-i_   PROCESSING METHOD  BACKGROUND OF THE INVENTION Technical
Field Of The Invention The present invention relates to a
fingerprint/palmpxint image processor, processing method, and processing
program to be used for fingerprint identification, fingerprint
classification,va, and palmprint identification. Description of the Related
Art Conventionally as, a 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 in Japanese Patent Publication Na. 2765335, and a fingerprint
pattern classification by means of a relaxation method was proposed by
Kawagoe et al. in the 2nd Information Processing Society of Japan ( first
term of 19 $1 ) . The ridge direction pattern smoothing method arid device
are based on the energy minimizing principle, wherein evaluation functions
are set for directions extracted from each two-dimensional local  region
set on an image by taking the degree of reliability as a measure, and the
evaluation funvtians are minimised for smoothing. On the other handy :n in
fingerprint pattern classificatian by means of the   _a_ relaxation method,
information on directions extxacted from each two-dimensianai local region
set on an image is smoothed by means of the relaxation method. However, is
the method disclosed in Japanese patent Publication No a755335, when
smoothing an imago including creases, surrounding regions may also be
smoothed in accordance with creases, resulting in emphasized creases. In
the art described is fingerprint pattern classification by mesas of the
relaxation method, the relaxation method i$ 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 similar pitches
in accordaace with the crease , so that the creases may be emphasized.
Therefore, the inventor of the present invention proposed a
fingerprint/palmprint image processor which can 



extract a ridge image from a fingerprint/palmprint image without influenoes
from creases in Japanese Unexamined Patent Publication No. Hei-9-157230. =n
the processor disclosed is this publication, an inputted
fingerprint/palmprint image is divided into a plurality of blocks, and a
plurality of ridge candidates are detected from each black, and among the
detected ridge candidates, ridge candidates that can be securely fudged 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    spatially continued with each other
and the crease patterns are spatially continued with each other, however,
generally, creases and ridges are not continued with each other, sa that
candidates that can be securely judged as ridges are detected, and
candidates matching with the detected candidates are selected among other
loca1 candidates, whereby it becomes possible to accurately detect ridges
even in regions with creases. Fig. 1 shows the relationship between the
parts of the abovementioned fingerprint/paZmprint image processor. Fig. 1
corresponds to Fig. 9 of Japanese Unexamined Patent publication No.
Hei-9-16723. ,However, for easy explanation Fig. 1 is a simplified drawing
of Fig. 9 of the same publication. =n Fig. 1, reference numeral 11 denotes
an image input part, referenee numeral 1Z denotes a local information
extracting part, reference numeral 13 denotes a highly reliable region
determining part, reference numeral 14 denotes 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 Bart 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 publication.
the adjacent xegion group detecting part 14 and ridge candidate seleatiag
Bart 1~ correspond to the optimum ridge oandidate image selecting part 17.
Fig. 2 is a flowchart showing the operation of the    processor of Fig. 1.
In Fig. ~, the image input part 11 reads-in a fingerprint/palmprint as an
image, and supplies it to the local information extracting part 12 in the
form of a digital image 0701). The local information extracting part 12
divides the inputted original image into two dimensional lanai regions
(S70a), and extracts a plurality Qf images that are candidates rendering
ridges existing in each local region (hereinafter, referred to as ridge
candidate images) (87p3), 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 i6, respectively. In the highly reliable region
determining part 13, ridge candidates that axe highly likely to be defined
as ridges among a plurality a ridge candidate images and local regions
including the ridges (highly reliable regions) are determined (8704), and
the ridge Candidates and local regions are supplied to the adjacent region
group datecting part 14, ridge candidate selecting part 15, and image
generating part 16, respectively. The adjacent region group detecting part
14 finds ail local; regions (adjacent regions) adjacent to the highly
reliable regions (S705~. Far exempla, as shown in Fig. 3A, when the highly
reliable regions (shown by dark hatching) are found, the regions (shown by
light hatching) adjacent to the highly reliable regions axe detected as
adjacent regions. Next, it is judged whether or not the number of
adjacent regions is one or more (S706). For example, in the example of Fig,
3A, since the number of adjacent regions is mare than one, the process
progresses to S707, and ridge images are selected among ridge candidate
images for each of all the adjacent regions detected by the ride candidate
selecting part 15, and the image generating part 16 is notified of the
selected candidate numbers, For example, when candidate selection
processing is parried 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 ~ is selected. Next, the process
returns to S705, and with respect to a highly reliable region ar a local
region selection far which the process has ended, all adjacent regions that
are neither highly reliable regions nor regions selection fox which the
process has ended are detested. That is, in the cane of Fig. ~A, sly
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 mare in S706, and when the number is one or more, ridge images
are selected from the ridge candidate images of a11 adjacent regions in
B707. Then, proessing from S705 to 8707 is repeated. then "NO" is fudged in
806, processing has ended far a11 local regions, so that the image
generating part 16 creates a whole ridge image by using the selected
candidate images as shown in Fig. 3g (5708). rn the fingerprint/palmprint
image processor disclosed    in Japanese unexamined Patent Publication No..
Hei-9-167230 of 1997 mentioned above, it is ,possible to extract ridges
without influence from creases, however, since ridge images axe determined
for each local region by taking the continuity with adjacent regions as
important, at a portion including ridges with great curvatures such as the
core shown in Fig. 4A or the delta shown in Fig. 4s, image candidates
including creases with goad continuity may he selected rather than images
including ridges even when the ridges are clear, resulting in a failure of
ridge extraction. SUMMARY OF THE INVENTION 



The object of the present invention is to provide a, fingerprint/palmprint
processor and processing method, arid a program therefor in which ridges
can be accurately extracted even from regions including a mixture of
creases and portions iincluding ridges with high curvatures. In order to
achieve the abovementioned object, a fingerprint/palmprint image processor
according to the present invention comprises a reading-in part far
reading~-~.n a fingerprint or palmprint as an image; as extracting part for
dividing the fingerprint/palmprint image into local regions and extracting
ridge candidate images showing ,ridges from each local. region; a
determining part for determining candidate images that are highly likely to
be judged as ridges among the extracted ridge candidate images axed local
regions including the determined candidate images as highly   .. reliable
regions; a judging part for judging whether local regions other than the
highly reliable regions are ridge exclusive regions or crease and ridge
mixed regions with a mixture of creases and ridges; a selecting part for
selecting candidate images that are supposed to show ridges among the ridge
candidate images based on evaluation criteria provided for each Bridge
exclusive region and crease and ridge mixed region; 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 seleated by the
selecting part. A fingerprint/palmpri,nt image processing method according
to the invention comprises the steps of reading-in a fingerprint or
palmprint as an image; dividing the fingerprint/palmprint image into local
regions and extracting ridge Candidate images showing ridges from each
local region, determining candidate images that are highly likely to be
ridges among the extracted ridge Candidate images and local regions
including the determined candidate images as highly reliable regions;
judging whether local regions other than the highly reliable regions are
ridge exclusive regions including the existance 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 ridge
candidate images based as evaluation criteria provided fax each of the
ridge exclusive regions and crease and ridge mixed regions; and generating
a whale image based on the candidate images of   w ~ n the highly reliable
region determing step and the candidate images selected in the selecting
step. Furthermore, a program according to the invention causes a computer
to carry out processes for dividing a fingerprint/palmprint image into
local regions and extracting ridge candidate images showing ridges from
each local raglan; determining candidate images that axe 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 raglans including the existance of ridges only ax crease
and ridge mixed regions including a mixtures 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 DRAWINGS Fig. 1 is a block diagram showing a
conventional fingerprint/palmprint image processer; Fig. 2 is a flowchart
showing the operation of the conventional processor of Fig. 1; Figs. 3A and
3B are dawings for explaining processing for se~.e~at~.ng ridge images of
Fig. 2; 



_ g _ fags. 4A acrd 48 are drawings showing examples of portions such as
care and delta portions including ridges with great curvatures; Fig. 5 is a
drawing showing the construction of a fingerprint/palmprint image processor
according to an embodient of the invention; Fig. 6 is a flowchart showing
the operat of the embodiment shown in ~Fg. 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. Firs. g is a drawing drawing the construction of a
fingerpx~is~t/pal.mprint image prace~sar relat~,nq to an embodiment of the
i~xvent~.an. Tn F~.c~. 5, the same ~xmbols are attached to the same
oompar~eats as ~.n the aanv~nt9,ona1 processor of Fiq. 1, Iri fig. 5, the
image input dart 17. or a scanner ar live scanner reads-ire a fingerprint
ox ~aa,lmprint as ~ an image and inputs the f ~.ager~rint/~almprint   r xQ
w image . The local information extract~,ng part ~.2 d~.vide~ the
fingerpriat/palmpxint orig~.nal image inputted Pram the image input part,
into two,dimensianal 7,aca1 regiar~s, and extracts a plura~,ity of ridge
candidate image$ showing ridges ex~,sting in e~;oh local region from each
lQCa1 reg,ian. Fax example, as disclosed in Japanese Unexamined patent
Publ,icatian Na. 8ei-~~1~7230, the ~.oaal. information extracting part iZ
applies two-dimensiaaal ~'c~urier txans~arm to each two-dimer~sior~al
7.oca1 region, extracts a p~.ural~.ty 



of peaks correspand~.ng to different traa~dimens~,ona1 s~iae wavet3 among
peaks at the Fourier txansfarxning plane in ardex from peaks with greater
amplitudes or anergy in the proxim~,ty of the peaks, and regards the two
d~.menaiar~a~, sine waves aaxrespond~.ng to the peaks as ~r~.dge candidate
~.mages . The hi,c~hly reliable region determi.r~~.rig part 13 determines
ridge candidate images that are highly li~tely to be ridges among the
plura~,ity a~ ridge candidate i,magea a~ each local region, which have been
extxaoted by the loca3 iafarmation, extracting part 12, and determ~,nes
laoa7, rec~ians incJ.uding such candidate images as highly reliablr~ region
, As mentioned in the abavementianed pub~.icatia~., the krigh7.y re~.~.able
x~eg~.an determining part 13 evaluates the ridge Qandidate images ~.n each
twc-dimex~sianal region regarding the degrees of ~.ike7.~.haod of being
ridges, and selects ridge candidate images having the highe;~t degree of
likelihood of being ridges of each local region. xri this case, the h~.ghly
reliable region determining part~l3 se~.ects ridge candidate images w~.th
the greatest amplitudes among the ridge   -ii csnda.date ~.magea of each
l.oaal region. The adjacent region group detecting part 14 detects a~.i
b7.ocks ( 7.oca1 regions ) that are neither h~.gh~.y re~,~.able rega.ona
determined by the highly reliable region determin~,~,g part 1~ nor local
regions ~.n which r~.dge aaadidate images have been selected among Iocal
regions adjacent to the local regions in wh~.oh r3.dge cand~.date 5.mages
have been selected. sereinafter, thus detected b7,caaks are referred to as
adjacent regia~xs. The xegian ~eafiure judging part 3.7 judges a11 adjacent
regions as to whether or not the regions are blocks ~.~ncl,uding a mixture
of crease arid ridge images based on local ir~farmat~ion dram the laca7,
infarmatior~ extracting Qart 12. Concretely, judgements as to whether or
not the regions are blocks including a mixture Qf, creases and r~,dges are
made so that if a value resulting by div~,~Iing the amplitude of a r~.dge
cand~.date image with the greatest ampl~.tude ar energy around a
carxasporrd~.ng point at the Fourier ~alaae by the amplitude of a candidate
with the seaor~d greatest amplitude a~ energp around a coxx~espending point
at the FQUxier plane is smaller than a pxedc~term3ned threshold, the block
is judged as a crease and ridge m~.xed b~.oak, and ~.f the va7.ue is
larger, the black is judged not to be a crease az~d ridge mixed black. The
suitable ridge candidate se~.eoting part 18 selects r~,dge candidates based
urn evaluation criteria that are d3,f~erent far each loaa7. region ~.n
accordance With the results of judgement by the region feature judging part
17. the processor 5.af Fig. 5 ,   - ~~ .. tempaxaril,y stones data at the
middle stage of processing into a staxage dev~,ce (not shown) such as a
memory as neaessar~r, and reads-out the data as necessary fax dais
pxaaessing. Text, oanarete operation of the present embodiment ,is
explained in detail w~.tkr reference to the flowchart of F~.g. 6. ~a Fig.
8, first, the image input part 11 reads~in a 



fingerprint ax pa~,mprint as a digital a,mage, and supplies the
fi,ngerprint/palmprint original image tc~ the local ~,aformatian
extraat~.ng part la ( 8201 ) . The local. ~.nformat~.an extracting part 12
divides the abQVementioned inputted original image ~.ntQ two~dimensianal
local legions 8200 , .and extracts a plurality ~rf ridge candidate images
Showing ridges existing in each two-dimensic~na~. local reg~.Qn from each
two-dfmensiona~. ~,ocal xeg~.on ( 5203 ) . Th,e extracted ridge candidate
~.mages are supplied to the highly re~.i,able region determin~,ng part 13,
regfan feature judging part 17, suitable r~.dge cand~,date image
ae7.ect~,ag part 18, and image generating part 16. Hex~ei.n, when the
re$r~rutian fns ~.rrput images of the image inputt~.ng part 11 is set to 20
pixel/mm arid local. region axe set to be square (see Fig. 7), the length
of one side of the ~.ocal region becamea approximatellr ~ through 32
pixels. Then ei~tracting ridge candidate images, as ment~.oned in ,7apanese
unexamined Fateat i~ublicati,on Na. Hey, 9-167230, a p~.uxai~.ty of image
power spectrum extreme pa~,nts of lanai regions in order Pram h~,gkrer
points axe detected, and two-dimensional s3,ne waves GorrespQndir~g to the
extreme   1~  points are xo~arded as ridge candidate images of ea~ah ~.ooal
region. Fox examplr~, six ridge cand~,date images are extracted from each
local region. Next, parametaxs oha,racter~.a~.ag sino waves aorrespondir~g
to the extreme po~.nts thereof are calculated based on the extreme points
of each candidate image and recorded. An examp~.e of such parameters is
exp5.a~.ned. Th~.s is d~.solased ~.r~ the abovementioned Japanese
Unexamined Fateat Publication No. Hey.-9-167230. First, when the coordinate
v~alur~s of the n-th peak of a ~.ooal region =~.~ ( 0~~.~cra~, O~jc63) at
the ~'ourier plane are set to (~ a(i,j), n( i, j ) ) , the local
ir~fox~mati~an extracting part 12 calculates the amplitude, phase,
direction, frequency, and power axound the pea)c. the amplitude is
calculated by for~tula (1), the phase is calculated by formula (2), the
dixeot~.on is calculated by 



foy^mula (3), the frequency is calculated by foxmula (4), and the power
around the Qeak ~.a calculated by formula (5). a~.5~ = 2 ~F(~t~~~}~
~'Ia'~})~Zi = 1~ 2~ . . . 6   - I 1) t~i,~y ~ln~~~a Phni'j~ = tan"'' Re
(~ri~~y ~cf,~~) i ~ l~ 2. . . . 6 .. n r ti,~~ ... ' dc~i~~~ ,~ tan-i ~1 i
- ~) 2 . 6 ( 3 ) ~i .j) ~ r  . a' ~c~.~i~ _ ~ (~~,~r~i )z ~. (~~in~ )2 i =
1~ ~r . . . 6 2 4 ci,~l _ 4n c3' g ... van - ~,~x c~.nl~~~ni~~),nn~~n mo~~
to s~ ~~(~~ t~)~ ( )   - 14  Furthermore, the whQ~,e power of f is
cs,7.aulated by formula (s). 64 ~F-~a n~-3a An image ~ieter~r~ined by these
parameters is expressed as follows: ' ~n(~.~ i)I~. y)=ari(i, 5)aos~2~~n(i,
~)I~ cas(dn(i, +y sin(dn(i, ~)))-phn(i, 7)1 .. Formula (8) expresses
candidate imagas shaW~.ng r~,dqes in each lacal region. (iril (fir ~~~nmi
. . ( g ) The local ~.a~armat~,orr extx~act~ng part 12 calau7.ates these '
parameters ( Farmu~a ( 9 ) ) far each of a11 7.aaa1 reg~.arrs . ( 63 ~3
~~$~ir~)~ ~h~i.i)~ ~~1.7)~ ~ni.~)I v'~~n)~~-1~ t(i.jl~- ... fig) Ji-o~=a ~s
mentioned in Japanese unexamined patent publication 



No. Aei-9-16p30, the h~.gk~7,y reliable raglan determining part 1~
determf.nes ridge candidate ~,mages (highly re~,~.ab~.e can~l~.dates )
tk~at are highly l~.kel~r to be ridges arid. local regions including the
determined ridge aand~.date imaged as highly reliable reg~.Qns 0204). The
determined high7,y re~l~able candidates and h~.ghix re~.~.arile reg~.ons
,including the highly reliable candidates are supplied to the adjacent
region graup deteot~.ng part 14, suitable ridge aand~.date se7.ectsng part
18, and ~.mac~e generating part 16. Here~.n, ,, the h~.ghly reliable raglan
determining part 13 evaluates a11 r~,dge candidate images regarding tha
deqrea$ of l~.keZ~,haad of being ridges for each of a17, local regiaas,
a.r~d selects   - 15  one ridge candidate image ha~ri~ng a high dagree of
l~.kelihc~ad of be~.ng a ridge from each laoal reg~.ori, and regards the
selected imagas as highly reliable candidate images. ~l,s algorithm in thin
case, as mentioned ire the abovementianed publ~.cat~.on, two-dimensional
Fauriex traasfQrm is applied to each twa~dimez~sicna7. ls~cal region by the
local. irifox~nation extracting part 1~, and amaag obtained peaks at the
Fourier transforming p7.ane, a plurality of peaks correspo~rd~.ng to
different twa~dimensianal sine waves are extracted in axder from, peaks
with, greater amplitudes or energy around the peaks, and t~ra-dimens~.anal
sine waves carxespanding t.o each peak are regarded as ridge candidate
images, acrd furthermore, a ridge cand~.date ~,mage with the greatest
amplitude axnang the ridge candidate images of each two-dimer~s~.anal local
region is regarded , as a h~,ghly reliable candidate ~,mage. The adjacent
reg~.an grQUp detecting part ~,4 f~.nds a1.1 local regxans (adjacent
regions) adjacant to the high7~y reliab~,e regions (S20S~. For example, as
spawn in Fig. 3~, when highly rel~.able regions (ahawn by dark hatah3.ng)
are detected, regions (shown by light hatch~.ng) adjacent to the highly
reaiable regions are detected ae adjacent regions. Next, the adjacent
reg~.Qn group detecting part 14 judges whether ar not the number of
adjacent reg~,Qr~s thus detested is one or more (5206). Tn the r~xample of
Fig. 3~, the number of adjacent regions is mare than one, so that the
process prag~ra~ses to S207. ~'uxthexxnc~re, when t~xe number of adjacent
regian~ is an,e r~r mare, the xegian feature judgi.~ng   part 15 fs
notif~.ed of infarmatian an the adjacent regionB, and otherra~.se, the
image generating part 1.6 ~.B notified c~f the ir~formatioa. rn Q207, the
reg~.c~n feature judging part 1.5 judges whether Qr not tk~e respective
adjacent reg~,ans of the adjacent region group are regionB includ~.ng B,
m~.xture of creases and ridges based Qn the local region i~xfarmativn from
the laaal informatiar~ extracting part 7.2, and notifies the suitable ridge
candidate se~,eoti.ng part 18 of the results of judgement. Concretely,
among extreme pa~.nts or~~ the image power spectrum of the adjacent
regions, lay uB~.ng a power spectrum ratio of two points satiBfying
predetermined conditions, a, judgement 5.B made as tca whether yr not the
adjacent regions are regions i~xclud~.ng a mixture of creases and ridges,
The pxedetex~i.ned aond~.tionB are that the maximum values exist ir, half
of the frequency space since the real number values of the f.mage power
spectrum are symmetric based on the oriq~~n, and e~rist in a spat~,al
freque~xoy band that ~.e l~.kely to involve or~raseg and r~.dge~ (
concretely, a spat~.ai frequency with approximately 0.25mnt through 1mm as
one cycle). mhe ma,x3.mum values at the two maximum extreme pa~.nts among
extreme points satiBfyirrg Bush aaaditionB are used for jucfgernent. That
is, when the highest max~amum vaXue ~.s p~, and the ~eaond highest maximum,
va7.ue i.B p2, if the value of p2/pl is~more than a predetermined
threshold, the region is judged as a ereage and ridge mixed reg~.o~x, and
otherwise, the region is fudged aB a region inaludi,ng the existence of a
ridge only.    For sucks judc~ament, a ratio c~f power spectrum sums near
the extreme paints (approximately 3x3) may be used. That ia, wlxen the
power spectrum sum around the highest maximum value is vl and the power
spectrum sum around the second h~.ghest maximum value is v2, if the value
of v2/v1 is more that a predetermined threshold, the region is judged as a
crease and ridge mixed region, and other~rise, the xagion 



~.a judged as a region i.nalud~,~rg the exi$tenae of a ridge only. mhe
power spectrum of a looal region may be aa,~.oulated by the region featuxe
judging part 17, ax the p4wer Spectrum calculated by the local infarmatiac
extracting part 12 may be used. As mentit~nad xn Japaz~ase ~laexarnined
Patent Publ~.cat~.an ~To. Hey.-9-167a30, ~rhar~ u~~ng the ~.ooal
information extracting part, xidge candidate image attr~.bute ~.aformation
may be used. i WText, the sui~,able ridge candidate ~e7.ecting part 18
seleots aar~didates among the x~,dc~a oandidatr~ images of each of a11,
detected adjacent regions ?~a~ed on the results of judgements by tri~e
region featuxe ~udgiag part 1'~ (i32p8) . Concretely, in regions judged as
~.ncluding a mixture of crease~a and ridges, selection ~,s carried nut by
regarding continuity w~.th surrounding ridge candidates as impartar~t, and
in rag3.ans judged as including ridges only, selection is oax~xi~ad out by
tak~,ng cont~.nuity with surrounding ridge cand~,dates and energy sums of
the ridge candidate images as evsluatian cr~.teria. For example, as
~mentianed in .Japanese Unexamined latent Publication rlo. Hei-~-L67230,
~rhen it is judged that   ~$ r creases and ridges axe mixed, a ridge
candidate image ire whic~a the direction d~.fference ,T1(n) between the
mean d~,rect~.on ire the p~cx~.mity and the di,rect~.on of the n-th rf.dge
candidate image becomes minimum is selected as a ridge. Zn a case where the
rc~g~.on is judged as a r~eg~.or~ inal,uding the exis~tenas c~f a ridge
only, a rids~e candidate image ~.n Which tha d~.rectian diffexenae J2(n)
between the mean direction 3,n the proximity and the direction of the t~th
ridge candidate image + a/SN(n) becomes minim~xm ~s selected as a ridge.
aerein, a is a constant, and SN(n) is shown by following Formula (l~).
va(ir~~ S~1(I7) --- ~,i~ ~ (ir~1 ~ . . ( 10 ) ' ~ ~~i The suitable ridge
cand~.date selecting part 1$ thus executes candidate selection processing
fOr each of a.11 adjacent regions, and notifies the adjacent region group
detecting part 14 and image generating part 16 of the seleQted r~.dge
candidates. F Next, the process ratuxns to Ba05 again, and with respect to
hfgh~,y reliable regions or local reg~.ons selection for wh~lch the process
has ended, all adjacent regions that are aeithax highly re7.~.able xegia~xs
nor reg~.Qns selecti,~n fc~x which the process has endad are detected. That
is, taking Fic~. 3A as an e~rample, a11 regiQZ~s ad jace~t to the lower
sides of previt~usly found ad~aoent regions are found. Next, i.n S~a~, it
i.s judged whether or not the number of adjacent regions is one or mt~re,
arid when the   



numlaer is one car mare, the region feature is judged far eaoh c~f all
adjaoent xegians in d207, and in Q208, based on the resu~,ts of the region
feature judgement, candidate selection pracess~.ng ig executed by using
d~,ffaxe~,t criteria adapted tt~ each of all adjacent regions.
I~ereiriafter, the proces~~.ng from 2d5 through 520 is repeated in the same
manner, and ~,f "NO" i.s judged in 6a06, the image generating part 16
genex~~tes a Whole fingerprintlpalmprint ridge image based on the r~,dge
cartd~.dates that have been selected by the suitable ridge candidate image
seleatir~g part ~.e, ridge candidates that have been judged as being
hic~h~.y l3.kely to show ridges by the highly reliable region determining
part 13, and laaal information obtained bx the local information extracting
part 12 (~2~9), and then all praoessing ends. Herein, ~.n tha Ganventi.onal
ridge ~and~,date se~,ectf.nc~ method disclosed in (TaQanese Unexam~.ned
patent ~ublicat~.an No. Hei~9--167230, energy of a ridge cand~.date image
derived' from a crease somet~.mes becomes greater than that der~.ved from a
r~.dge ~.n a regi4n including a m~.xture of creases cad xa.dges, so that a
crease ~,s erroneously selected when ueiag the enargy of a ridge oat~didate
image as select~.ori cr~.teria. 4a the other hand, even ~.n regions
iac~.uding r~.dgts only, rahen se~,eotion ~.s made based on only continuity
with ridge oand~.date a.mages in adjacent local regions at a portion suoh
as a core ar delta with a high ridge curvature, ~.f noise aompanents having
greater exoe~.lent oan,tinuity than that of true ridges exist, such noise
aomponerrts are selected and ridge extxactiQn ~.s fa~,led. ~inoe r~.dge
candidate image   energx dexivad from such noise components is smaller than
energy derived ro~t ridges, it is ~ossibie to make judgement as to whether
it is noise or r3,dges by using the magnitudes of energy. That is, although
energy having no re~,at~.on to curvatures can be used four r~.dg~ selection
in a case where ao creases exist, such selection is not possible ~,n a case
where creases are mixed. mhex~efora, in the Qresent embodiment, tk~e
reg~.on feature judging part 1.7 judges whether regions are crease and
ridge mixed rec~iorts or regions including the existenoa dt xidges only,
and the su~,table ridge candidate selectinq paxt 18 seleots i,m~sge
cand~,dates based an evaluatia~r oriter~.a suitable far eaoh region, eo
that even at a paxtion such a a core or delta ina~.udinc~ neat ridges with
high curvatures without creases, the ridges can be accuxately extracted
while maintaining ridge extr~rctian performance for crease and ridge m3.xed
reg~.Qns. Fig. 7 shows an example of , a f~.nger~rl.nt/palrnprint image
having reg~.ons including a m~,xture of ox~~ases and ridges and regions
inalud~.ng ridges only. The results of judgement by the rec~~ion feature
fudging part 17 from suoh an image are shown ~.n Fig. ~. The su3,table
xidge candidate se~.ecting part 18 ~aelects ridge oand3.dates based on
evaluation ariter~.a that are different between the ridge exclusive regions
and crease and ri.dc~e .' mixed regions of ~`ig. B . =n a region ~.noluding
a ridge only without creases, when Fourier transform is agpl~,ed to the
small region image of the region, a pair of packs are found to be
symmetrical   with respect to the origin, and a great amount of energy is
concentrated on the peaks. However, is a Fourier traasfoxmed image c~f a
region simultaneously includ~.ng the existe~roo crf creases and ridges, a
p5,urality of peaks derived from the creases and derived ~xom the ridges
appear at~d each Beak has a great amount o energy (see F~.g. 9). Therefore,
when a plural~.ty of peaks are detected from a small, region Faurier
transformed image by using the method disclosed is Japanese vr~examir~ed
patent Fub~.iaatior~ Na. i3e~.~ 9-1~723~, is regions including ridges only,
most energy i$ aonaentrated on an energy maximum peak, and the energy
diffexenoe from the second maximum peak energy becomes great. Qn the other
hand, regions including a mixture of crease and ridges, the energy
d~.fference between the energy max~,mum peak and the second maximum pear
beaames small. ' Therefore, in the present embodiment, by eva~,uatinc~ the
scalr~ of suoh a ratio, it can be fudged Whether or not the regions are
regions including a m~,xture of creases arid ridges. Furthermore, in the
oonventxc~aal ridge aandidatc~ selerat~,rig fiethod di.solased in the
abovemeationed publication, as aforementioned, energy of a ridge candidate
image derived from creases may be greater than e~xerg~r der~.ved from
ridges in a reg~.on including a ~t3.xture of creases and r~,dges, so that
the Greases may be erx~oneausly seleoted if the energy of the ridge
candidate image i,s used as eva3.uation criteria. On the other hand, with
respect to a region ~.nclud~.ng an~.y ridges ~,rith high curvatures,   - 22
selection is made for ad~aa~nt Laval ~regians based an only aontinu~.ty
with ridge candidate images, ~.t~ a aria ~aY~era noise campane~ts with mare
exce7.lent continuity than txue r~,dgas ex~.st, the noise components are
se~.eated and the ridge extraction is failed. Energy of a r~.dge oand~idate
image derived Exam aual~ a noise component i.s smaller than energy derived
from a ridge, sa that judgement is possible based an the amount of energy.
Therefore, ~.n the present embod~.ment, the suitak~le ridge candidate
selecting part 18 se7.ects ~,mage candidates in crr~ase mixed reg~.ons by
using only direction aantinu~.ty without using energy as sel,eatian
cr~,teria. Fuxthermore, candidate selection is made in regions inc~.uding
the existence of r~.dges only by regarding energy as ~.mportar~t. Thereby,
while mair~ta~,r~ing ra.dge extraction perfax~manae far crease and ridge
mixed regions, ridges can be accurate~.y extracted from even a part~.on
such as a care or delta including neat xidgee with high curvatures without
creases. ~ computer program accaxding to the invention ~.s a program
deecribir~g pxooesses fax execution of the abavement~.oned method for
processing a fingerpr~.nt/paimprint image. That ,is, the program trauses a
computer to carry out tl~e processes for dJ~,1T1d1I1CJ a
fingerprint/Qa~.mprint image ~,nta J.ooa1 xegians and extracting ridge
candidate ~.mages shoring ridges from each local region; determf.~ning
cand~.date ~.mages that are highly likely to be xidges among the extracted
ridge candidate images axed Local xegia~rs inaludit~g the determined r~.dge
candidates as highly rel~,able regions; 



- 2 3 . ~udgi~,g whether focal ragion~ other than the h~.gh~.y rel,iab~.e
regions are ridge exa7.usive xeg~.ons including the existence of ridges
an~.y or ax~ease and ridge mixed regions including a mixture of creases and
xidgea; selecting candidate images that axe supposed tQ show xidges among
the ridge cand~.date images based on evaluat~.on critexia adapted to each
ridge exclusive reg~.on and crease and r~.dge mixed region; and generating
a who~.e image based on the candidate images of the highly re7,iable region
determ~.ning process and tk~e aandi,date images selected in the selecting
process. As described above, according tc the inveatio~n, audgements axe
made a~ to whether regions i.~xaluding a mixture of creases and xidges or
regions exclusively inc~.u~ding ridges, and candidate images are selected
among ridge candidate images by changing eva~,uation cr~.teria between
these two regions `,rhea extracting ridges, so that xidges can lie
accurately extracted from even crease mixed regions or xegions including
ridges with high curvatures.   .. ~ eJ, WHAT IS Ch~AIMEp rS: 1. A
fingerprint/palmprint ~.mage processor comprising: a read~,ng-~.n part for
reading~~.n a fingerprint or palmprint as an image; art extraQ~Giag part
for dividing a f~.z~gerprint/palmprint image into local regions and
extraat~.rrg r~.dga cand~.dates showing ridges for each local reg~.on; a
determining part for determin~.ng candidate images that are highly likely
to be ridges among the extracted ridge candidate images acrd local raglans
including the determined oand,idate ~.mages as highly reliable regions; a
fudging part far fudging wh~sther ox not local regions other than the
highly reliable reg~.ons are ridge exclusive regions it~clud~.ng the
existence of ridges only or crease and ridge mixed regions includ~.ng a
~,i.xture of oreasea and r~.dge~; a selecting part for se~.ecting candidate
images that are supposed to show ridges annar~g ridge candidate images
based on etraluation criteria adapted tc~ each of the r~,dge 



exclusive regions and crease and ridge mixed regions; and a generat~.ng
pert far generating a whole image based an the candidate ~.magea of the
h~,ghiy reliable region determining part and the candidate images selected
by the se,leat~.ng paxt. 2. The fingerprint/palmprint ~.mage grovessor
according to Claim 1, wherein the fudging part ~udge~   25  wh~t~xer or not
local r~gioz~s are regions inc~.uding the existence of ridges only or
regions f.ncludir~g a mixture ofi creases and ridges baked on, power
spectrum ratios at a p7.ura7.ity of extreme points of the local image p4wer
spectrum. 3. Tho f~.ngerprint/pa7.mpr~.nt ~,mage processor according to
Cla~.m 1, wherein the fudging part fudges Whether or not local regions are
regitrns including the ex~.stence of ridges only or crease and ridge m~.xed
rec~ion~ based on s ratio of the square roots of the pc~t~rer spectrum at a
piuraXity of extreme points of the power spectxum Qf ~,oaa1 images . 4. The
fiagerpri~nt/pa7.mprint image processor aooording to Claim 1, Wherein the
~udg~.ng part fudges whetk~er ox cot local regions are regiQas ino7.ud~.~ng
r~.dges Qniy Qr regions ~,~nclud~.ng a mixture of creases arid r~.dges
based on ratios of sums of power spectrum c~amponeats in the , proximity of
a plurality of extreme po~.nts~ Qf the poWex spectrum of local images. 5.
The fingerpxint/palmpr~.nt iau~ge processor acaoxding to any one of Claims
a through 4, wY~ere~.r~ the fudging part, uses extreme points except fox
direst aurrer~t oQmgoneats ~.n the poorer sQea~krum. 6. The
f~.ngerprint/palmpx~int image proces~ox~ according to aay one of Claims ~
through ~4, wherein among power t~peatru~,a extreilc4a poi~xts, the fixet
max~.mum extreme point and the second max~.mum extreme point within a
ra~ngs ire which frequencies are effective as ridges aro usod for
~.~a~.u~:'f.7,Dn a 7. the fingexpxint/paimprir~t image processor according
to arry one of C~.a,ims 1 through 6, wherein the selecting part uses
caz~tiauity with surrounding x~,dge candidates as criter~.a for selection
in regions including a m~.xture of creases and ridg~a, and employs
continuity and sum amount of energy of ridge candidate images as critexia
far seleatioa in regions ~,aaluding ridges only. 8. ~ fingerprint/palmprint
image pxocessing method ccmpr,i~ing the steps of read~.ri~g-i~ a
fingexpxirrt or palmprint as err 3,mag~; dividing the fingerprint/palmQrint
image intca local regions arsd extracting r3.dge candidate images s~howirrg
xidga fs~x aaah local raglan; detax~ni~ing candidate images that are highly
~,il~ely to 



be ridges among the extrs,oted ridge aand~.date images and lanai reg~.~ar~s
~.aaluding the determined candidate images as highly reliable raglans;
judgi,rig whether ~,Qaal raglans ether than the higk~~,y rel~.able regions
are ridge exclusive regions including ridges Qn~,y or oreaae and ridge
mixed regions including a mixture of creases and ridge ; selecting
candidate images that are supposed to show ridges among the ridge
aand~.date images based on evaluation criteria adapted to each of the ridge
exclusive reg~.ons cad crease acrd r~,dge mixed ~ regions; arid genexating
a whole image based on candidate ~,mages of the highly reliable region
determin~.ag step and candidate   a images selected in the seleoting step.
The fiz~gerprint/palmprint image proaassing mathad accardiag to Claim 8,
wk~erein the judging $tep judges wh$ther or not local regiaris era~ragi~an~
~.nclud3ng the er~,st~nae of ridges ar~lx ar reg~.o~ns including a mixture
of creases and ridges based on power spectxum reties at a plurality c~f
e~ctreme paints of the ~.ocal image power spectrum. 1Q. The
fingerprint/palmprint image praaassir~g method aacord~.ng tea Claim 8,
wherein the judging step judges whether ar not local regions axe reg~.ons
including the existence of ridges an~.y or excess and ridge mimed rea~ions
based an a rat~.o of the square roots of the power spectrum at a
p~.ural~.ty of extreme points of the power spectrum of local images. 13..
The fingerprir~t/palmpr~.nt image praaessix~g method according to Claim 8,
wherein the judging step judges whether ax net local regions are regions
including r.~dges only or regions including a mi.xtura Qf crea$es and
r~,dges 



based on ratios of sums of pa~aex spectrum components ~.n the proximity of
a piuxality of extxeme points of tk~e power spectrum of .local images. 12.
The fingerprint/pal.mprint image processing method according to any os~e of
Claims 9 through 11, wherein extreme points except for d~.rect ourreat
aamponents in the power spectrum are used. 1~. The fingerprint/paiznpririt
image praoess~,ag method according to any one of Claims 9 though 1Z,
wherein among   - 28  power spectrum extreme points, the first maximum
extreme point and the second maximum extreme po~,nt ~rithin a range in
which frequenc,fes are effective as ridges are used for evaluation. Z4. The
firigerprint/palmprint ~,mage processing method acaord~.r~g to any one of
Claims 8 through ~.3, wherein the eelect~.ng step uses aont~.nuity with
surrc~uading ridge csndi.dates as criteria for selection ire reg~.Qns
includ~,ng a mixture of areasea and r~,dges, and employs continuity and sum
amcmnt of energy of ridge candidate images as criteria for se7.eotion in
regions inc~.ud,ing ridges only. 15. A pxagram for causing a computer to
carry out the pxoaesses Ears div~.d~ng a fingerprintlp~al~print ~.mage into
~.ocal regions and extracting ridge candidate irdages showing ridges for
each local x~gion~ detexxninin,g a,and~.date images that are highly likely
to be ridges among the extracted ridge candidate images and laical regions
including the determ~,rred oand~,date images as highly re~.:Cable regions;
actdgi.ng whether or nc~t local regiolxs other than the high7.y reliable
regions are ridge exclusive xeqions ix~c7.ud~,ng the ex~.stenoe of regions
only or crease and ridge mixed regiorr~s includ~.z~g a mixture of creases
and ridges; selecting candidate images that are supposed to show 



ridges among the r~.dge cand~.c~ate ~.mage~ based on evaluat~.or~ criteria
adapted to each of the r~.dge exc~,usive regions and Crease and ridges
m~.xed reg~.ons; and   geaeratir~g a wha~.e image bs,sed on oandidate
images of the h~.gh~ly rel~.able ragiox~ determin3nc~ prooess and
aaz~didate ~.magas selected ix~ the selevt~.~ng process. 1~. The program
according to Claim 1~, r~herein the judg~.ng process judges whethex or not
lacai regions axe rag~.Qns includ~.ng the existence of ridges only ox
regions z~xaluding a mixture of oreases and ridges based an power speotrum
ratios at a plurality of extreme points of the local image power spectrum.
~.y . The program aacord~.ng to Cla,m 15, where~.a the judg~,ng praaes$
judges whethex or net ~.oaal regions are regiaris ~.ncluding the existence
of r~.dges only or crease and ridge m~,xed regiane based on a ratio of the
square roots of the pov~tex speetrustt, at a plurality of extreme paints of
the power ~speotrum of local images. 1$. The grc~grata according to Claim
~.5, arherei.r~ the judging process judges whether or not looal xegions are
rec~iaris ~.ncluding ridges only ax regions inoluding a mixtuxe of creases
and ridges based on rx~tias of sums oaf power spectrum components ~.n the
prax~,~nity of a plura7~ity of extreme points of the power speatru~t of
looal image. i9. The program according to any one of Cla~,ms 1G through 1~,
wherein the judging process uses extreme pa~.ats except far direct current
components ~.n the pt~wer spectrtun. 20, The program according to any one
of Claims 16 through ~.8, wkrerein amoxrg power spectrum extreme points,
tY~e f5.xst maximum extreme point and the second maximum extreme point
within, a range in which frequencies are egte~t,ive as   



,. $Q _ ridges are used for eValu~.tic~n. 21. The program according' to any
a~.e of C3,aims 15 through ~U, whexein the selact~.ng pith eurrout~d~.ng
r~.dge cand~,dat~~ ~.n r~r~gions inolud~.ng a mixture of employs
ccr~tinuity and sum amount candidate ~.mac~~s as crifieria fQx 3,naluding
r~.dges only. grocers uses cQntinuitx as criteria for ~e7,eotion creases
arid r~.dges, and of energy of ridga~ aeleat~.on in reg~.ona .Af.A
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