
;e3e:06LT2 SPECIFTCATION Title of the Invention SYSTEM AND METHOD FOR
PROCESSING FINGERPRIN/PALMPRINT IMAGE Background of the invention ' The
present invention relates to fingerprint/palmprint image processing system,
method and program, far use in fingerprint collation, fingerprint
classification and palmprint collection, etc, In the p~.ar art, a method
fox automatically extracting a ridge line information such as a ridge line
direction and a ridge line pitch fraur an fingerprxnt/palxrtpz~int image
includes, fair example, a `'Ridge Line Direction Pattern Smoothing Method
and System" described in Japanese Fatez~t No.2,7~5,~35, and "Classification
of Fingerprint Patterns by Relaxation Method", the 22nd National Convention
(l9gl First Term Session), Information Faracessirrg Society of Japan by
Kawakoshi et. al. The "Ridge Line Direction Pattern Smoothing Method and
System" describes a technique based an the theaz~y of x~ainimncing energy.
,An evaluation function is assigned for an extracted direction for each
t~uvodimensional local region of an image with a scale e~f reliability. By
minimizing the evaluation function, the ridge line patter is smoothened. On
the other hand, in the "Classification of Fingerprint Patterns by
Reiaxation Method," information of directions extracted far each twa 



dimensional local region of era image is smoothened by a so-called
relaxation method. In the method described in Japanese Patent No.2,76~,3~5,
however, If it is intended to smoothen an image including a wrinkle,
circumferential regions are smoothened in line the wrinkle, and xt is in
_Z_   same cases that the wrinkle is rather emphasized, ~n the other hand,
in the technology described for the classification of the fingerprint
pattern by the relaxation method, although the relaxation method is used as
the technique far smoothening information of direction extracted for each
local region, the smoothening is carried out in line with the wrinkle for
the part of existing wrinkles which also ,frequently exist in palmprint and
which are parallel to each other at a similar pitch and extent over a large
area, with the result that the wrinkless are emphasized. The inventor of
the present application proposes in Japanese Patent Application
Pre-examination Publication JF-A-~~-16p34 (which corresponds to L1.S.
Patent ~,~37,082) the content of which is incorporated by reference in its
entirety into this application) a ~xngerprintJpalmprint image processor
capable of extracting a ridge line image from a fingerprintlpalmpriut image
without receirring the effect of the wrinkle. fn this fingerprintlpalmprint
irx~age processor, an inputted fingerp~iut or palmprint image is divided
into a plur$IiCy of blacks, arid a plurality of bridge lfne candidates are
detected for each block, and the candidate which can be considered to he
surely a ridge line xs determined from the detected ridge line candidates
in one bloclt, and in the ot4er bloclts, ridge Iine candidate having the
consisteztcy with the deternaiued ridge line candidate and the bloclt are
chosen. The ridge line spatially continues as a ridge line, and the wtinkle
spatially conti~rues as a wrinkle, but, generally, the wrinkle does not
continue to the ridge line. Therefore, if a candidate which can be
considered to be surely a ridge line is detected, and if a candidate having
the cc~n~,nuity with the detected candidate is chosen frar~n other local
candidates, it is possible to correctly detect the ridge line iu a region
including manywxiunldes.   



Fig. 10 is a block diagram illustrating the fingerprint/palmprint image
processor mentioned above. The black diagram of Fig. 10 corresponds with
Fig. 9 of JP-A-09-167230, but is one obtained by simplifying Fig. 9 of
rF-A-09-167230. In Fig. 10, the reference number 11 designates an image
input means, and the reference cumber 12 indicates a local information
extraction means. The reference number 13 denotes a highly reliable region
determining means, and the reference number 14 shows ate adjacent region
group detecting means. The reference number IS designates a ridge line
candidate selection means, and the reference number 16 indicates an image
generation means. Here, the highly reliable region determining means 13
corresponds to the first ridge Iine candidate image selecting portion 12,
the connectivity evaluating portion 13, the clustering portion 14, and the
cluster evaluting portion 15 shown in p'ig. 9 of JF-A-09-167230. The
adjacent region group detecting means 14 and the ridge line candidate
selection means 15 correspond to the optimum ridge line candidate image
selecting pardon 17 spawn in Fig. 9 of JP-A-09-167230. Fig. 11 is a
flowchart illustrating an operation action of the system shown in Fig. 1I~.
In Fig. 11) the ,age input meats 11 reads fingerprint or palmprint as an
image, and supplies the image in the farm of a digital. image to the local
information extraction means 12 (S1001). The local information extraction
means 12 divides the received original, image into two-dimensional local
regions (S 1002), and extracts from each local region a plurality of images
(which will be called a "ridge line candidate i~uage") a,s a candidate
which expresses a ridge tine existing in that local region (S 1003). Tbu
ridge line candidate images are numbered. _g _   The ridge line candidate
images thus extracted is supplied to the highly reliable region determining
means X 3) the ridge line candidate selection means 15 end the image
generation means 1, 6. Xn the highly reliable region determining means x3,
a ridge Iine candidate which can be considered to be surely a ridge line is
detected and a local region including that ridge line candidate (highly
reliable region), axe determined from the plurality of ridge line candidate
images (S 1UU4)) and supplied to the adjacent region group detecting means
14, the ridge line candidate selection means 15 and the image generation
means 16. 'The adjacent region group detecting means 14 finds all local
regions (adjacent region) which adjoin the highly reliable region (~ 1000.
For example, if it is assumed that the highly reliable regions (regions
shown in the dense hatching i,n Fig. 12-(a)) were detected, regions
(regions shown in the dilute hatching in Fig, 12-(a)) which adjoins the
highly reliable regions are detected as a adjacent region, Neat, whether
tar nit one or more adjacent regions axe detected, is discriminated (S
1006). Far example, in the example shown in. Fig. 12-{a), since one or more
adjacent regions exist, the processing goes into a step S 10p7 in which, nn
each of the adjacent regions, a, ridge line image is selected from the
ridge line candidate images, acid the number of the selected ridge line
candidate image is notified to the image generation means 1,6. For example,
in order to perform the ridge line candidate image selection far the
adjacent region "A" showy in Fig. 12-(a), a candidate having a high level
of continuity is selected from the ridge line candidate images "1" to "b".
1n this example, the ridge line candidate image "2" is selected. -4
Thereafter, the processing returns to the step 5?05. bn the highly reliable
region or the local region fair which the selection of the ridge line
Candidate ima,8e has been completed, all adjacent regions which are neither
the highly reliable region nor the local region for which the selection of
the ridge line candiate image has been completed, are selected. Namely, in
the example shown in Fig. 12-(a)) all regions dt~wnward adjacent to the
adjacent region already detected are found out. Then, in the step ~x~06,
whether or not one ar mare adjacent regions are detected, is discriminated.
if one ar mare adjacent regions exist, the processing does to the step S
1007, in which in each of the adjacent regions, a ridge line image is
selected from the ridge line candidate images. Ins the following, the steps
~ 1005 to S 1007 are repeated) and when it is discriminated to be "NU" in
the step .S I006, since the processing has been completed for all the local
regions, the image generation means l6 restores a whole ridge line image by
using the selected ridge line candidate images, as shown in Fig. 12-(b) (S
1,008). 



The fingerprint/palmprxnt image processor mentioned above, disclosed in
JP'-A-09-1G7230, can extract the ridge line without being influenced by
wrinkles. However, since the ridge line image is determined for each local
region by importantly considering the continuity between adjacent regions,
another disadvantage is encountered in which, in a ridge line having a
large curvature such as a care shown in Fig. 13-(a) and a, delta shown in
Fig. 1.3-(b), even if the ridge lines were clear, a candidate image having
a wrinkle having .a good continuity other than the ridge line is selected,
with the result that it fails to extract the ridge line. _5_   Brief
summary of the invention Accordingly, it is an abject of the present
invention to provide a fingerprint/palmprint image processing system,
method and program, which have overcome the above mentioned problems of the
prior art. ,Another object of the present invention is to provide a
fingerprint/palmp~rint image processing system, method and program, capable
of precisely extracting the ridge line even in a region having wrinkles
existing mixedly together with a ridge line or even in a region including a
ridge line having a large curvature. The above and other objects o:f the
present invention are achieved in accordance with the present invention by
a fingrprint/palmprint image processing system comprising a means for
reading a fingerprix~tlpalmprint image, an extracting means ;far dividing
the fingerpri.pt/palxnprint image into a plurality of local. regions and
for extraotirig a plurality of ridge line candidate images which represents
ridge lines, for each o the focal regions, a ~highiy reliable region
determining means for determining, from the ridge line candidate images
thus extracted, a Bridge line candidate image having a high likelihood of a
ridge line) and a local region including the ridge lint candidate image
txaving the high likelib~ood of tkte ridge line, as a highly reliable
region, means for selecting a ridge line image which can be estimated to
represent a ridge line, from tk~e ridge line candidate images e~,tracted by
the extracting means, for each of the local regions other than the highly
reliable region, a discriminating means for discrhnix~ating, for each ridge
line image thus selected, whether or not the ridge lire image thus selected
is effective as an image representing a ridge line, and means for
generating a whale image on the basis of the ridge line image in th;e
highly reliable ~regia~ and t6~e ridge line image which wire discriminated
by the discrimxtratrng means to be effective as the image representing the
ridge line. According to another aspect of the present invention, Chore xs 



provided a ~ingerprintlpaimprint image processing method carnprising a step
of reading a fingerpriatlpalmprint in~.age, an extracting step c~f dividing
the fingerprintlpalmprint image into a plurality of local regions and of
extracting a plurality of ridge line candidate images which represents
ridge lines, for each of the local regions, a highly reliable region
determi~aing step of determining, from the ridge line candidate irn~ages
thus extracted, a ridge line candidate image having a high likelihood of a
ridge line, and a local region including the ridge line candidate image
having the high lil~eliht~od of the ridge line, as a highly reliable
region, a step of selecting a ridge line image which can be esximated to
represent a ridge line, from the ridge Ixne candidate images extracted by
the e~ttracting step, for each of the local regions other that the highly
reliable region, a discriminating step of discriminating, for each ridge
line image thus selected, whetbur or not the ridge line image th~xs
selected i~ valid as an image represe~ating a ridge line, and a step of
getrerating a wvhole image on the basis of the ridge line image in the
highly reliable region and the ridge line image which were discriuninated
by the discriminating step to be valid as the image tepreser~ting the ridge
line. According to still another aspect of the present invention, there its
provided a pragranx for causing a computer to exeGUte a procedure of
divid~g a fingergrint/palmprint image into a plurality of local regions and
of extracting a plurality of ridge line candidate images which   represents
ridge lines, for each of the local regipns, a highly reliable region
determining procedure of detertuinxng, from the ridge line candidate images
thus extracted, a ridge line candidate image having a high lilcelihaod of a
ridge line, and a local region ir~cludin,,g the ridge line candidate
i,~oage having the high Iil~elihaad of the ridge line, as a highly reliable
region) a procedure of selecting a. ridge line image wWich can be estimated
to represent a ridge line, from the ridge Iine candidate images extracted
by the extracting procedure) far each of the local regions other than the
highly reliable region, a discriminating procedure of discriminating) far
each ridge line image thus selected., rwhether ox rat the ridge line image
thus selected xs valid as an image representing a ridge line, and a
procedure of generating a whole innage on the basis of the ridge line
xtnage in the highly reliable region and the ridge Iine images which were
discriminated by the discriminating procedure to be valid as the image
representing the ~.dge line. The above and other objects, features and
advantages of the present invention will be apparent Exam the fallar~rin,g
description of preferred emlaadimeuts of the invention with reference to
the accompan~ring drawings. brief description of the drawings Fig. 1 is a
block di,agra,m of a first embadim.ent of the fir~gerprintlpalmprint image
processing systenx in accordance with the present invention; Fig. 2 is a
flow chart illustrating an apcration of tl~e embodiment shown zn Pig .1;
Fig. 3 illustrates the sequence of selection of a ridge line candidate
image showzt in Fig. ~; _$,   Fig. 4 illustraxes the sequence of selection
of a ridge Iine candidate image far a region which was not adopted as a
ridge line image; 



Fig. 5 illustrates the sequence of selection of a ridge line candidate
image in, the prior art; Fig. 6 allttstrates the sequence wf salectian of a
ridge line candidate in t'he conventavnal fingerprint/pahmprint ~unage;
Fig. 7 illustrates t$e sequence of selection c~f a ridge line candidate in
the fingerprintlpalmprint image in the cmboditnent shown in Fig . x; Fig. 8
illustrates an e~aznple of discontinuity in wlxich a local information such
as a ;ridge line diree4ian in the fingerprint/palnxprint irn~age abruptly
changes; >~ig. 9 is a flow chart illustrating an operation of a second
embady.~ment of the fingerprintlpalmprint image processing system in
accordance with the present invex~tian; Fig. 10 xs a block dxag~ram of an
example of the ~ngerprintlpa~lmpriz~t image processing system in the prior
art; Fig. 11 is a flaw chart illustrating an operation of the prior art
example Shawn i.n Fig .1D; 



Fag. 12 illustrates a processing of selection a ridge line image in the
prior azt exanZple shown in Fig .10; Fig. 13 illustrates examples of ridge
lines such a core and a delta, having a large curvature. Detailed
description of the invention Nvw, embodiments of the present invention will
be described with reference to the a~ccompany'ing drawings. Fig. 1 xs a.
bloclt diagram of a first entbadirnent of the fingerprintlpalxnprint image
processing system in _g_   accordance with the present invention. In p'ig.
elements corresponding to those spawn in Fig. 10 ~e given the same
reference numbers. In Fig. 1, the reference number 11 designates an image
xaput unit which can. be ct~nstituted of a scanner or a live scanner for
reading a fingex~ri,ntlp~almprin~t as arx image, to output a
fingerprintlpa,l:mprint 



image. The reference number 12 indicates a local information e~rtraction
unit receiving the fingerprint/palmgrint image from the image input past 11
fox dividing the received original fingerlrri~n~t/pa~lmprint image into
two-dimensional local regions) and far extracting Pram each local region a
plurality of ridge line cactdidate images each of wktich expresses a ridge
line existing in the respective local region. ,A,s described in
JP-,~1-(19-1~72~a, far example, the local. information extraction unit X2
performs a two-dimensiarial Fourier transformation for each of the
two-dimensional laoal regions, extracts a plurality of peaks correspandixtg
to two-dimensional sine waves having different peaks, on the resultant
Faurier transformation plane, in ~e a~rder frort~ the largest amplitude or
the lamest energy in the vicinity' of peak, and extracts the
two-dimensional sine waves corresponding to the peaks as ridge line
candidate images. The reference number 13 denotes a highly reliable region
determining unit far determining a ridge line candidate having a high
likelihood of a ridge line, from a plurality of ridge lice candidate images
extracted in the local information extraction runt x2 in each local region,
and also for detenaxi~ing a local region including that ridge line
candidate laavin,g the bagh likelihood of the ridge line, as a highly
reliable region. .As described in Jp-A-~9-16'7230, the high~,y reliable
region determining unit I3 evaluates the degree of lil~elihood of the ridge
line -10   for each of the plurality of ridge iir~e candidate images in
each twin dimensional local region) and selects a ridge line candidate
image having the highest degree of likelihood Qf the ridge line in each
local region. In this case, the highly reliable regions determining unit 13
selects a ridge line candidate image having the largest amplitude from the
plurality of ridge line candidate images in each local region. An adjacent
region group detecting unit 14 selects a local region (adjacent regzon)
adjacent to the highly reliable region deternuned by the highly reliable
region determining unit 13 or a grain of regions for wlxich the selection
of ridge line candidate has been completed. For the adjacent region
detected by the adjacent region group 



detecting unit I4, a ridge li,~ne candidate selection unit x 5 evaluates
continuity, and selects a ridge line rage which can be estimated to
represent the zidge line) fraz~x ridge line candidate images. A valid
region determining unit 17 determines whether or not the ridge lxn,e
candidate image selected by the ridge line candidate selection unit 1~ is
adopted as an image representing the ridge line. ~A,n image gene~rati,an
unit 1C generates a whole gage of a fingerprintlpxlmprint. Incidentally,
the system shown is Fig. 1 executes a data processing by temporarily
storing data in the cowrse of processing to a memory (snot shown) an,d by
reading ot~t the data stored in the memory if rtec~saxy. text, a specitfic
operation of fhe first embodiment will be described ' in detail vsrith
reference to a flow chart of Fig. 2. In Fig. 2, the image input unit I1
reads a fingerprint or a palmprint as an image, and supplies an original
image crf the fingerprint or palmprint to the local inforrnatxan,
extraction unit I~ (S201). 'fhe local i~formatxQn extraction unit I2
divides the received original image iota _11_   two-dimensional local
regions (S202), and extracts from each twodimensianal local region a
plurality of ridge line candidate irn,ages each of which expresses a ridge
line existing in that local region (5200. The ridge line candidate intages
thus extracted is supplied to the highly reliable region determining unit
1.3, the ridge line candidate selection unit 15, the valid region
determin~in.g unit 1 T and the image generatioa unit 1 d. Here, it is
assumed that the resolution of the image supplied from the image input unit
11 is 20 pixels/mnrx, and the Local region is a square (See Fig. 3), the
length of each side of the local region beconxes on the order of $ pixels
to 32 pixels. In the case of extracting the ridge line candidate, as
disclosed in r~'-A-09-16723a, a plurality of relative m,ax innum, points of
power spectxuxn in the i~a,~e ~ of the Ioca1 region are selected xn the
order from the largest power spectrum point, and a twodinaensional sinE
wave coixespondiag to the relative maxinxu~n point is selected as a ridge
line candidate ima,~e ix~ each local region. For example, six ridge lute
candidate images are extracted in each local region. Then, a parameter
chara,cterizxng the sine wave cc~rrespancling to the relative maximurn
point is calculated attd recorded frog; the respective relatxwe ma~timum.
point. No~av, one example of the parameter mentioned above will be
described. This is described in JP-A-09-167230, ZSt, assuming that the
coordinate value of a (n)th peak on the p'au~rier plane in a local region
Iij (O~xG3, OSj~63) is e~cpressed as (~n(1~ ~), r~n(1~ ~)), the local
information e~ctxactitrn unit 12 calculates the amplitude) th;e phase, the
direction) the frequency) arid the power i.n proximity of the peak. - 12 



'The a>o~plitude, the phase, the direction, the frequency, and the power in
proximity of the peak cats be obtained in the following equations (lit (~)~
C~)~ C) ~d (~)~ respectively. a~ :. ,i1 ' Z~~ ~ ~!, d! ' ~ ri !. al ) ~ 2 ~
; I) ~ ,~ 6 ,, 1 ~m ~F( ~ < <. ,~t ~, o. e~ ) ~ n ~ p ~ i ! , .i ) c'~at1 ~
! ""' t ) ~e f~t~"~. 3 ~ ,gar, sy~ . .i ~Ic. Jl =~~ ! ~ ~=1~~ ... fi ... i
``n a . ~ !. ,i1 B4 va~~, m =~..~ ~ ZIFi~, ~)~~ 64~ ( ~ ~ ~? ) ~ ~ l ~ ~ j
,!f ~ ~ n r. ~y ) o~ Spr~ximiti~s! ... In addition, the full pawear of "f s
qtr. ~~ = q...~. ,'IF(~ ~ ~r ) Ix ... (g) 64 ~ ~-32 ~ ~-32 is also
calculated. The image determined from these parameters beearnes as follows;



~~ C.~) .I) (x~ Y) =anCi, .i) cos [ ~ ~c f'a C~,, jJ (x cos (dn (i, j) ) +y
s f n (dh Ci, ,1) ) ~ -phn (i, j) ~ .. This -1~   becAmes a canditdate
represe~thag the ridge line in each local region. The Iacal information
extraction unit 12 calculates these paranteters ft~r each of all the local
regions: ~a~~~ ~~ ~ph^ ~. ~r ~dn~. ~~~ f~f. ~~,va~~. ~y~~^~~~c~, ~~ ... (g~
;o0deeo As described i~a JP~-A-09-I67239, the highly reliable region
detextninxng unit x 3 determines a ridge line candidate having a high
li,kelil~aod of a ridge l.xne (hi.ghly reliable candidate) and a local
region including the highly reliable candidate (highly reliable xegiori)
(S204). Th,e ridge luxe candidate thus determixted and the highly reliable
region; xn.cluding the ridge line caxadidate thus deterr~'tned axe supplied
tt~ the adjacent region group detecting unit 14, the ridge Iirxe candidate
selection unit 15 and the image generation unit x6. In the highly reliable
region determining unit' 13, the degree of likelihood of the ridge line of
all the ridge line candidate images in each of all the local regions is
ev~uated, and a ridge line candidate iamage having the highest degree of
likelihood of the ridge line is selected far each local region, as a highly
reliable caxtdidate image. In this case, the algo~thm is that, as described
in Jl'-A-09167230, the local information extraction unit 12 perfornns a
two-dimensional Fourier. tran~sfontnation fair each two-dimensional local
region, extracts a plurality of peaks carx~esponding to two-dxmensit~nal
sine waves haring different peaks, on the resultant Fourier transformation
plane,, in the order Exam the largest arxtplitude or the ),argest energy in
the vicinity Qf peak, and detects a ridge line candid2~te image having a
u~a~imum, amplitude from. the ridge line candidate images of each
tvsro-dimensional l,acal region., as a highly reliable ear~didate image. _
14   Ne~rt, the adjacent region group detecting r~nit 14 selects alt
regions adjacent to the highly reliable region 0205). For example, if it is
assumed that a central region is detected as the highly reliable xegiaa as
shown in Fi,g. 3, local regions of a first single innermost encincture
closely surxaunding the highly reliable region are detected as adjacent
regi,on.s. Succeedingly, whether or not oz~e or nxare adjacent regions are 



' detected, is discriminated (S206). For example, in the e~carnple sho~cwn
in Fig. 3, since a plurality of adjacent regions exist, the pracessxtxg
goes into a step S207. At this case, the adjacexrt region group detecti~,g
uru'tt 14 supplies the adjacent region i~rtformatioa to the ridge Ixr~e
candidate selection unit 15. In the step S207, as described in
Jh-A-09-16723Q, the ridge line candidate sel,eGtion unit x ~ evaluates the
continuity in each adj acent region, and selects a ridge line candidate
image having a good continuity from the ridge line candidate images, and
then, supplies xhe number o:f the selected candidate to the valid region
determining unit ~ 7 and the image generation unit 16. For each of all the
ridge line candidate images selected 1~y the edge line candidate selection
unit 15, the valid region determining unit 1.7 determines whether ox not it
His adopted as a final ridge line candidate (5208), and notifies the result
to tl~e adjacent region group detecting u~xit x4. Now, a specific
processing for determining whether or cot the anal, ridge line candidate is
adopted in the vaXid region determi.ntng unit 17, will be described.. In
this processing, the local i~ormation continuity, the degree of
concentration of the power spectrum of the local image to the ridge line _
1~ _   ca~.r~didate image, and the ridge line pitch of the ridge line
candidate image, which are exemplified by the direction dn~i ~l, the pitch
fa~ly ~), and the phase ph;~~i, ~), between the ridge line candidate image
to be evaluated and the highly reliable ridge line candidate of the
peripheral highly reliable region (in second and succeeding processing,
between th,e ridge line candidate image to be evaluated and the rid,gc line
candidate of the peripheral highly reliable region far which the selection
processing has already been campleted at that time), are evaluated, and
whether ar not the ridge line candidate image selected by the ridge lute
candidate 



selection unit I ~ is adopted, is determixied on the basis of the result of
the evaluatian_ Far exattxple, when the conkinuity of the direction is
used, if the direction of the ridge line of the ridge Line candidate image
selected in the local region to be evaluated, is d (USdS~t), and if the
direction representing the direction of the ridge dine in the adjacent
local region (the direction of a stun of the directional vector) is d,~
(DSd~,S~c), when the following J(d, dn) is smaller than a certain
threshold) it is determined to adopt the ridge line candidate i,xnage.
Nevertheless, the ridge line c$ndidate image is not adopted. (I (d dn) _ ~
~a "2d~ ~ f 2 Wh~l'~ ~ d-do ~ ~'~/2 n -- l 2d ~ Zda ~ /2 where I d-d" j ~ ~
~2 When the degree of concentration of the power spectzux~x of the iacal
image is used, if a retie obtained by dividing a total of the power
spectrum of the ridge line caxtdidate image by a total of the power
spectrum of the corresponding local region image is smaller than a _ l~ _  



certain thresh~ald, is is determined to adapt the ridge line candidate
image. Nevertheless) the ridge line candidate image is not adopted. 'i~fhen
the t7ldge line pitch of ttxe ridge Iine candidate image is used, if the
ridge line pittch is within a range which can be considered to be a ridge
line, it is determined to adopt the ridge line candidate image.
Nevertheless, the ridge line candidate hnage is not adapted. 'This
discrimination process can be executed by using the above mentioned
characteristics amount singly or in combination. In the example shown in
Fig. 3, the processing starts f~roxx~ the local region "B". 'The solid line
indicates the local xegions which shau~ld be adapted as the ridge line
candidate, and the dotted line indicates the local ~regivns which should
not be adopted as the ridge line candidate. In this case, it is deternu~ed
that a remarkably discontinuous local infa~xn,ation as in a region such as
$ core ox a delta having a high curvature should not be adapted, so that a
poxtian where discontinuity exists is not selected at once, and the
selection processing goes iti only highly ~continuaus Iocal regions .
Thereafter) the processing goes into the step SOS) and the processing is
caz~ried out far tending out all the adjacent regions ad,~acent to the
local region for which the selection processing leas already been
completed. In the ex~nple of Fig. 3, than processing corresponds to local
region of a second inrr,ermost encinctuxe positioned at the outside of the
lxxghly xelia~ble region. Next, whether ar not a;ae or more ad,~a~cent
regions e~tist, is discriminated in the step 5205, and far each of a11 the
adjacent regions detected in the step S207, the ridge Jix~e image is
selected froxxx the ridge line candidate images. In a step 520$, whether or
not the result of selection is adopted, is detexmi.ned. In this case, since
the -17   adjacent region is in the second innermost encincture surrounding
the highly reliable region, when floe continuity of the Iaca1 infarmad~an
such the direction) the pitch and the phase as mentioned above is
evaluated, the cantinu;ity of the local information such the dixectiort,
the pitch and the phase between the ridge .tine candidate image to be
evaluated and the ridge line cazxdidate image of the peripheral adjacent
image for which the selection processing has been caxrrpleted) is
evaluated. As a result, the processing starts Exam the region "C'~ as shown
xn Fxg. 3, sa that for each adjacent region, whether ar not the ridge line
image should be adopted, is determined. as shown by the solid line arid the
dotted line. In the following, the processing of the steps Q205 to S~O8 is
repeated, and if it is discriminated ix~ the step 506 that there xs no
adjacent region, the image generation unit 16 generates a whale ridge line
image on tire basis of the ridge line candidate selected by the ridge line
candidate selection omit I ~, the ridge line candidate which is
discriminated by the highly reliable region deterrn~ining unit 13 to have a
high likelihood representing the ridge line, ar the local information
obtained from the Local information extraction u;ait I2 (SZU9).
incidentally, the region which was not adopted as the ridge line image in
the step 52~~ may be used as a region tc~ be selected. Fig. 4 illustrates
the sequence of the selection of the ridge line candidate image in this
case. '~`he solid line indicates the local. regions which should be adapted
as tb,e ridge line candidate, and the dotted line indicates the local
regions which should not be adopted as the ridge line candidate. As seem
comparison between Fig. 4 and Fig. 3, the nuxaber of dotted line regions is
smaller than the number of those shown in Fig. 3. With this 



-1$   arrangement, the region whic$ was not adapted in the step 524 is
selected, and a ridge line can be obtaiaed for a larger numiber of regions.
There, in the prior art ridge line candidate selection shown in JP-A-.
09-D723(1, the ridge line candidates are selected in the order from a local
region close to a highly reliable region, as shown, in Figs. ~ and 6. In
this embodiment, on the other ha,t~.d, the valid region determining unit 17
determines whether or not the ridge line candidate image selected by the
ridge line ca~adidate selection unit 15 is adapted as a final ridge line
image. As a result, as shown. in Figs. 3 aad 7, the region which should
z~ot ~be adopted is selected, so as to prevent mirsuuderstanding of the
ridge line in this region. In. this case, it xs coasidered that a region
which has a large curvature, such as a core, a delta) car a proximity of a.
wall-Ire pattern, and which is a remarkable discoz~tinuaus portion in the
lacax information, is a region which should xrot be adopted. Accordingly, a
parkion in which discontinuity exists, is ~xot adopted at once, and the
selection processing goes in only regions having a highly continuity in the
Iaeal information. Thus, since the regi,ans continuously changes and
continues at a discontiriuity in the whole of the image, all the regions
can be selected by selecting the continuous portions as a 'bypassing route
without selecting at the discontinuity (See Fig. 7). rf the selection in a
discozttinuous region was carried out withr~ut considering the nature of
the region as in the prior art ~rneth.od, a candidate having a large
difference in a local inforra,atian must be selected, az~d therefore, if a
standard of selecting such a candidate is used, the candidate selection is
subjected to an adverse influence in other portions, particularly, in a
region where many wrinkles e~t~ist. However, _ I,~   as in the shawa,
embodiment, if the selection at fihe discontinuity is avoided by changing
the order of selection, it is possible to properly select the ridge line
from ali the regions an tire basis of the standard of selecting a candidate
having a srn~all difference in a local information, T.n the prior act,
since the selection is forcefully advanced even in a local region having a
small degree of continuity, a ridge line candidate inxage attributable tn
the vcrriztkle was often erroneously selected, However, this situation can
be avoided in this embodiment. ,~Isa in dais embodiment, only a ridge liac
candidate inxage having a small difference in direction to the Bridge line
candidate image in an adjacent local region is regarded as being ~ralid,
and whether or nQt it is a discontwuity is evaluated from the difference in
dixectian. Since in the ridge line candidate selection it becomes an
effective characteristic aun.oun,t indicative of whether or not the xidge
line direction is a ridge line, it is possible, by using the direction
infoxnxation, to precisely detect the di,scantinuity which has possibility
of failing in the ridge Iine candidate image selection. Furthermore, the
degree of likelihood of the ridge line of the selected xidge line candidate
image is evaluated by discriminating whether or nut the pitch is within the
xange where it can exist a.s a ridge line, or by discriminating whether or
not the power spectrum is concentrated at one paint, so that only the xxdge
line candidate images having the degree of likelihood not less than a
predetermined. Ievel are regarded as being valid. With this arrangement,
even if the wrinkle having a car~tinuity in ttxe ridge Iine d~urection was
erxaneously selected xrr a portion having a goad ianage quality and a high
curvature oaf the ridge line, it is not dally adopted because the degxee of
likelihood of the ridge line is small. Namely, the discontinuity where the
selection failed, can be  



detected, On the other hand, if tlae selection resulted in success at the
discoxitxnuity, since it is not necessary to perfarna the selection later)
the efficiency of the processing can be elevated. Now) a second embodiment
of the present invention will be explained. The system of the second
embodiment has th,e same construction as that shown in l~ig. x, bt~t the
processing naethad is different Exam that shown in Fig. 2, Fig, ~ ins a
flow chart illustrating an operation of the second embodiment of the
fitlgerprint/palmpritzt image processing system in accordance with the
present invention. In Fig. 9) the steps S8Q1 to S$44 correspond to tbv
steps 5201 to S204 sk~own in Fig. 2, respectively. If a highly reliable
candidate and a highly reliable region including the highly rehiable
candidate are determined in the step S804, a variable "SC" is set to "0"
(zero) (5$05). Succeedingly) the adjacent region gmup detecting unit !~4
selects alI regions adjacent tQ the highly reliable region (S806). For
example, in the example Shawn inn Fig. ~, local regions of a first single
innermost encinctuxe closel~r surrounding the highly reliable region
cox~respand to the adjacent regions. F~uthermore, whether or not one or
more adjacent regions are detected) is discriminated (S807). Theree~fter,
similarly to the first embodiment, far each of all the adj scent re,giorLS,
the ridge litre candidate selection unit 1~ selects a ridge line image from
the ridge line candidate images (S80$). The number of the selected
candidate is supplied to the adjacent region group detecting unit 14, the
valid region detetmin~ing unit 17 and the image generation unit 16. Tt~ the
valid region determixaxn.g unit 17, the selected candidate image is
evaluated by a (S~)th n evaluation standard (SC=0 in this case)) and Fax
each of all the selected ridge line candidate images, whether' ar -21   not
it should be adapted as a final ridge line candidate is discriminated
(SSQ9), and the result of the discximi,natian is notified to the adj~tcex~t
region group detecting unit 14. Specifically, similarly to the $rst
embodiment, the valid region determining unit 17 evaluates the local
i.nfarmatian continuity, the degree of concentration of the power spectrum
of the local image to the ridge line candidate image, and the ridge line
pitch of the ridge lane candidate image, which are exempl~ed by the
direction, the pitch, $nd the phase, between tb,e ridge line catidadate
image to be evaluated and the highly reliable ridge line candidate of the
peripheral highly reliable xegion,, and deterimives on the basis of the
result of the evaluation) whether ar nrrt the zidge line candidate image
selected by the xidge line candidate selection unit 15. The standard used
for determining whether or not it is adopted, is used until the adjacent
region detected by the adjacent region group detecting unit 14 becomes
zero, and if it becomes zero, the standard is changed to a new standard.
p'or example) only adjacent local regions having a direction diffe,~nce of
not greater than a certain threshold acre adapted) and when tl~e adjacent
local regions becomes zero, the adjacent local regions are adapted
regardless of the direction difference, In addition, the local
i.nfarm~ation extraction unit 12 performs a two-dimens~lanal Faux7ier
txansfo~ation for each local region, extracts a plurality of peas
corresponding to different two-dimensional sine waves, on the resultant
lrauriex transformation plane, in the order from the largest amplitude or
tlxe largest energy in the vicinity of peak, and extracts the
twodzmensional sizxe waves corresponding to tb~e peaky as ridge line
candidate images. In this case) the valid region detennin~tng unit 17
evaluates only the ridge line candidate images l~avi~,g a maximum energy
peak its the -2Z   



pra~iamity of the peak, as being valid, and i~f the region considered to be
valid in accordance with this standard became sera, the z~egia~ ors adapted
regardless of the energy in the vicinity of peak. Thereafter, the
processing returns to the step 580a the processing of the steps S806 to
S809 is repeated. At this time, the evaluation is carriod attt with thte
same Evaluation standard in ttte step S$OC, so as tv determine whether ar
not the ridge line Candidate image is adapted as the ridge line image. Iri
the step 5807, if it is discrin~i,nat~ed that aae ox more adjacent regions
do not exist) xt is changed to SC=SC+1 (S81Q), and thereafter, the value of
"SC" ("1" in this case) is compared with a predetermined value of "S" (far
example, "Z") (S8I1). In this example, since the value of "S~" is not
greater than the value of "S", the processing returns to the step S806, sa
that the processing of the steps 580b to 5809 is repeated. Ia this case,
however, in the step SSUb, the adjacent region which was never selected
under the fwrmer seXection standard (for exampre, a region shown in the
Batted lme in the example of Fig. 3) beGames a region to be selected under
the current selection standard, ~n the other hand, for each of a1I the
adJacent regions detected in the step S8a8, the candidate selection
processing is carried out. In the step S$Q9, the evaluation xs carried out
with the (SC=1)th evaluation standard so as to detarrtxine whether ar not
the region is adapted. In this case, as mentioned above, if the farmer
selection standard is, far example, whether ar riot the direction
difference is not greater than a tt~reshald, the current evaluation
standard is that tire regions are adapted regardless of the direction,
difference. Fu~xermore, as mentioned above, if the former selectaan
standard is that only ridge line Candidate image hawing a   maximum energy
peak in the proximity of the peg, are considered as being valid, the
current evaluation standard is that the regir~r~s are adapted regardless of
the energy in the vicinity of peak. In the step S$07, if the adjacent
region becomes zero, it is changed to SC~SC+x fn the step S810, aad
thereafter, the value of "S~" is compared with the vatt~e of  S" in the
step S 81, r , tit this tune, if it xs discriminated in the step 5811 that
the value of "SC" is greater than the value of "5", the image generation
unit 16 generates a wht~le ridge line image on the basis of the ridge line
candidate selected by the ridge line candidate selection unit 15) the ridge
line candidate which is tliscrimxx~ated by t>xe highly reliable reg;ian
deterx~xining unit 13 to have a high likelihood representing the ridge
line, or the local infa~rrnatian obtained from tl~e local information
extraction unit 1;2 (S812). In this embodiment, at each time the region,
which is considered to be valid by the valid region determining unit 17)
becomes zero, the evaluation standard fox' considering as berug valid is
chatxged. In the first et'nbddiment, if the ~regios~ is sutxaunded by the
discontinuity, the selectiax~ of the ridge line candidate image can be no
longer performed, but in the second embodiment, ix the selection of the
ridge line candidate iumage cannot be advanced because the region is
sturounded by the discontinuity, the selection a~f the ridge line candidate
image can be advanced by cl~auging the standaz~d for selecting a valid
region, sa that a ridge link extractit~n can be performed in a larger
exte~rt. l~urthermoxe, in this embad~ent, only ridge line candidate ix~xage
)raving a small direction difference from the ridge line candidate image in
the adjacent local region are considered to be valid. if the local region
which can be selected becomes zero, the selection of the ridge line -24 



candidate image is unconditionally carried out team the local region for -
which the selection has not yet been completed and which is adjacent to the
local region fair which the seie~ctian was completed. Thus, the ridge line
selection can be performed for a portion which has becoxue surrounded by
the discontinuity in the case that the sfiandard is the direction
difference_ Furthe~nmore, the degree of likelihood cf the ridge line of the
selected ridge Iixte candidate image is evaluated by discriminating whether
ox not the pitch is within the range where it can exist as a xidge line, or
by discriminating wJ~ether or not the power spectrum is concentrated at one
point, so that only the ridge line candidate images having the degxee of
likelihood not less than a predetermined Ievel are regarded as being valid,
'Then, if the local region which can. be selected becomes zero, the
selection of the ridge line candidate image is uncanditir~nally carried cut
from the local region fox which the selection has nt~t yet been completed
and ~uvhich is adaacent to the local xegion for which the selection was
completed. Thus) tho ridge line selection can be performed for a portion
whieb, has become suz~rourided bar the discon~,nuit~y. ~areovex, in this
ernbodimet~t, only ridge lire candidate ixna~;es having a maximum enexgy
peak in the proximity of the peal, are considered as being valid. Eveu if
the wrinltle having a continuity is the ridge line direction was
erroneously selected in a. portion hav~g a good image quality and a high
curvature of the ridge lima, the selection is not adopted because ~ is
;many cases the enemy in the proximity of the peak does not become the
maximum peak. lamely, the discontinuity where the selection failed, can be
detected, (an the other hand, if the selection resulted in success at the
discontinuity, since it xs not necessary to perform -25   the selection
Later) the efficiency of the processing can be elevated. Then, if the local
region which can be selected becomes zero, the selection o f the ridge line
candidate image is unconditionally carried out from the local region far
which the selection has not yet been completed and which is adjacent to the
local region for which the selection was completed. Thus, the ridge line
selection can be perfaixxred for a portion which has become surrounded by
the discontinuity under only the standard that the energy is a maximum peak
Incidentally, a caxnputer program in accordance ~witt~ the present
invention is a program describing the procedure far executing the method
for processing the above mentioned firigerprintlpalmprin,t image. Namely,
it is a program for causing a coz~nputer to execute a procedure of dividing
a fingerprintlpalnt~rrint image intt~ a plurality of local regions and of
e~txacting a plurality of ridge line candidate images which represents
ridge lines, far each of the local regions, a highly reliable region
detexxnining procedure of determining, from the ridge line candidate images
thus extracted, a ~,dge line candidate i~xxage braving a high likolihoad of
a ridge line, and a local region including the ridge line candidate image
having the high likelihood Qf the ridge line, as a highly reliable region,
a procedure of selecting a ridge line image which can be est~ated to
represent a ridge line, from the ridge line candidate images extracted by
the extracting procedure, ~fi~r each of the local xegio~xs other than the
highly reliable region, a dxscriminatix~g procedure of ddscriminating, For
each ridge line image thus selected, whether or not the ridge line image
ttaus selected is valid as as irn,age representing a ridge line, and a
pxocEdure of generating a whale image on. the basis of the ridge line image
in the highiy reliable region and the ridge line images   which were
discrimiuatad by the discriminating procedure to be valid as the iunage
rep~;esenting the ridge litre. As mentioned above, according to the present
inver~tian, it is possible to precisely extract the ridge line both is a
region having wrinkles existing ~ao~ixedly together with a ridge line and
in a region including a ridge line having a large curvature. lrlarrrely,
since whether ar not the ridge line candidate image selected by the ridge
line candidate selection unit is adopted as a final ridge line zanage is
determined by the rralid region determining unit, it is possible to prevent
an erroneous selection of a ridge line in a region wh9.ch should not be
adapted. Here, a region which has a large curvature, such as a core, a
delta, 



or a proximity t~f a walX-like pattern, and which i.s a remarltable
disaantinuous portion in tt~e local information, is a region which should
not be adopted. Accordingly, a portion in which discontinuity e~,nsts, is
not adapted at once, and the selection processing goes in only regions
having a highly continuity in the local. infonu~atiaa. However, since the
regions continuously changes aad continues at a discontinuity i~x the whale
of the image, all the regions can be selected by selecting the continuous
portions as a bypassing route without selecting at the discontinuity. 1~
the selection in a discontinuous regxo~n was carried out without
considering the nature of t!t$ region as in the prior art method, a
candidate having a Iarge difference in a local information ntust be
selected, dnd therefore, if a standard of selecting such a candidate is
used, the candidate selection is subjected to an adverse influence in other
po~rraans, particularly, in a region where many wrinkles exist. However) as
in the present invention, if the selection at the discontinuity is awaided
by changing the order of selectiaa, it is possible to properly select the
-. 2'7    ridge line from all the regions an the basis of the standard of
seiecting a candidate having a stuall difference in a xacal information. Zu
the prior art, siace the selection is farce~fully advanced even in a Iacal
xegian having a small degree of ~c~ntinuity) a ridge line candidate image
attribr~table to tb~e wrinkle was often erroneously seXected. However, this
situation cats be avoided in this ~vent3c~n. The invent~an has thus been
shown and described with reference to the $peGi~fic embodiments. However,
it should be noted that the present invention is in no way limited to the
details of the illustrated structures but changes and xu,odifications may
be nxa.de within tb,e scope of the appended claims. - 28 4   Clairms: I. A
fingerprintlpatmprint image processing system comprising a means for
reading a f ngexpnintlpalxnprint image) an extracting ,~a,ear~s for
dividing the fingerprintlpalmprirrt image into a plurality of local regions
and for extracting a plurality of ridge line candidate images which
represents ridge lines, for each of the local regions) a highly reliable
region determining means for determining, from the ridge line candidate
images thus extracted, a ridge line caadidate image having a high
lilcelihoad of a ridge line, and a local region including the ridge line
candidate image haring the high likelihood of the ridge line) as a hig~y
reliable region, means for selecting a ridge line image vcrhicb~ can be
estimated to represent a ridge line, from the ridge line earrdidate images
extracted by said extracting means, far each of the locai regions other
than the highly reliable region, a discriminating means far
discrirninati.ng, far each ridge line image thus selected, whether or not
the ridge line image thus selected is effective as art image representing a
ridge line) and means far generating a whale ixt~e.ge on the basis of the
ridge line ixxtage in the highly reliable regxaz~ and the ridge line image
which were discriminated by said discriminating trreans to be effective as
the image representing the ridge line. 



2. A ~nge~rprintlpalmpxint iruage processing system, claimed m Claim x,
wherein said discrimina~,ng means disorinunates, as being valid, the ridge
line candidate image having a difference between the ridge line direction
of a ridge line ixns,ge to be evaluated and the ridge line direction of a
peripheral ridge line i~rnage, said difference being not greater than a.
thresha~ld. -29   3. A fingerprintlpaIm:print ~rnage processing system,
claina.ed in Claim 1, wherein said discriminating means evaluates the
likelihood of a ridge line of the ridge line candidate image on the basis
of a ridge line pitch or a deviation of the power spectrum, and
discrimr.inates, as being ~ralid, tl~e ridge lime candidate image having
the likelihood of ridge Iine rat less than a predetexmiaed level. 4. A
fingerp~arJpalmpr~irtt iumage processing system, claimed in Claim 1,
wherein said discriminating means changes the evaluation standard :for
determiniag a valid region at each time the local region to be selected in
a valid region discriu~ating processing, becomes sera. A
fingerp~rint/palfnprint image processing system, claimed in Claim 4,
twherein said discriminating means discriminates, as being Valid, die ridge
lit~,e candi,d~te image having a difference betwveen the ridge line
direction of a ridge line image to be evaluated and the ridge Iine
direction of a geriplxeral ridge line image, said difference being not
greater than a threshold, and if the Iocal re~ian to be selected xn a valid
region discrxminati,rt,g processing, becomes zero, said discrim,ittating
~,eat~s discrin~in~ates, as being valid, the ridge line candidate image,
regardless of the difference in the ridge line direction. r6. A
fingerptintlpalmfrxirrt image processing system, claimed ixt Claim 4,
wherei,A said discriminating n2eans evaluates the lil~elihood of a ridge
line of the ridge line caadidate image on tl~e basis of a ridge line pitch
or a deviation of the power spectrum, and discriminates, as being valid,
the -30   xidge ~e candidate image having the likelihood of ridge line not
less than a predetermined Level, and if the local region to be selected in
a valid region discriminating processing, becomes zero, said discriminating
means discriminates) as being valid, the ridge line candidate image,
regardless of the likelib~ood of rfdge lies. 6, A ~ngerprintlpalmprint
i~tnage pxaoessing system, claimed in Claim 4, wherein said extraction,
means performs a two-dimensional Fourier ttansform.ation for each local
region, extracts a plurality of peaks corresponding to different
two-dimensional sine waves, an the resultant Fourier transfotxna~ion pleas,
in the ordex frt~m the largest axaplitu~de or the largest energy in the
vicinity of peak, and extracts the twodimensional sine waves
cc~rrespoz~ding to the peaks as ridge line candidate images, and said
discriminating means evaluates tb:e ridge lifts candidate images having a
maximum energy peak in the proximity of the peak, as being valid) arid if
the region considered to be valid in a valid region determining process
become zero, said discriminating means evaluates the ridge line candidate
images as being valid, regardless of the energy in the vicinity of peak. $.
A fngerprint/palmprint image prtx~essing method comprising a step of
reading a ~xn,gerp~rxx~t/pa,lmpiint ~n,age, an extracting step of dividing
the fingerpaat/palmprint image into a plurality of local regions and of
extracting a plurality of ridge tine candidate images which represents
ridge lines, for each of the local regions, a highly reliable region
determining step of determining, frr~m the ridge Iin~e candidate iynages
thr~s extracted, a ridge Line candidate image having a, high Xikelihaod of
a .. 31   



ridge line, and a local zegian including the ridge X~e candidate image
having the high likelihood of the ridge line, as a highly reliable region,
a step of selecting a ridge line xxnage which can be estimated. to
represent a ridge line) from tire ridge line candidate irn,ages extracted
~by the extrac~g step, far each of the local regions other than the highly
reliable region, a discriminating step of discriuuinating, fnr each ridge
hne image thus selected, whether or not the zidge line image thus selected
is valid as an image representing a ridge line) and a step of generating a
wk~ole image on the basis of the ridge line image in the highly reliable
region and the ridge line image which were discriminated by tire
discriminating step to be valid as the image representing the ridge line,
9, A program for causing a computer to execute a procedure of dividing a
fingexpr~tlpalmprint fuoage into a plurality of local regions and of
extracting a plurality of ridge line candidate images which represents
Bridge Iines, far each of tlxe local regions, a highly reliable region
determining procedure of determining, from the ridge line candidate images
thus extracted, a ridge line candidate ittnage having a high lilzelihoad of
a ridge line, and a local region including the ridge line candidate image
haviung the high livl~elihood of tire ridge line, as a highly reliable
region, a procedure of selecting a ridge line image which carp be estimated
to represent a ridge line, from the ridge line candidate images extracted
by the extracting procedure, far each of the Iacal reg~iorts other than the
highly reliable region, a discrx~minating prc~ceduze of discr~ixninating,
for each ritd,~e line image thus selected, whether or not the ridge line
image thus selected is valid as an iruage representing a ridge line, and a
procedure of generating a whale image on the basis of the -32   rid,~e line
image xz~ tie highly reliable region and the ridge line images which were
discrirniaated by the ~disczixninating praeedr~re to be valid as tt~e image
representing the ridge line. _ 3~ _ .Ah.A3.Au.Au.AuE.A.A`2.Au.A.A
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