
. . . 
A STRIPE PATTERN MATC:t;IING SYSTEM 

BACKGROUND .OF THE INVENTION 

The present invention rela.tes to a stripe pattern matching system 

for verifying matching of a. searching stripe pattern such as a fingerprint 

gathered from a field to a filed stripe pattern already reg.istered in a 

file. 

FIG. 2 is a pattern diagram illustrating minutiae of a fingerprint 

pattern by way of example of the stripe pattern. 

A method for identifying a stripe pattern such as a fingerprint 

pattern is disclos~d in a Japanese pat_ent published with a specification 

No. 12674/'85, wherein end points such as those 2a to 2e of ridge lines 

la to le and bifur,atious such as a joining point 3a of ·two ridge lines 

If and lg of FIG. 2 are defined as the minutiae to Be_ used for the 

matching verification. 

For each minutia.. a. direction and four relations are defined i11 

addit.ion to it.s X-Y coordinn.t.es. 

First, direction Di of a minutia1 the e11d point 2a of FIG. 2, for 

example, is defined as the orie11ta.tion of the ridge line la. starting fro1n 

the concerning ininutia 2a expressed relatively to horizontal X-axis. In 

case of a hifucation, the joining point 3a., for example, its direction 

is represented by the orientation of a valley line between joiuiug t.wo 
. I 

ridge lines If and lg. 

Thcu; · ta.king·~lotico of end1 iudivi<lmil rninnf;ia, the m_1c.l point 2a., 
( 

f for cxa1nple, a.~ a motlrnr mi1mti:.i, nu x-y pbu1e is defined, which has 

it.s origin at the mother minutia 2a .. and its y-axis iu the. direction D; 

of f:he mother minutia. In <:ach of four quadrants determined by the 
• 

x-y plane, a minutia ucmrest: to the origin, that is the mot.her minutia; 
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·iS' assiguc<.l t.o a c:hild mi1rntia. ia t.hc: quadrant, a.nd 1111mbcr~ of ridge 

liues between the mother ininnt.ic.t 2a. n.nd the four child minntiae 2b, 

2c, 3a and 2d <.1.re defined as fonr relations R.1 to R4, respectively. In 

the example, the relation Rl of the minutia 2a is two 1 as there are two 

ridge lines, 1 b and an extension of la, between t.11e. two end points 2a 

and 2b. In the s.a.me way, R2 -. 1, R3 = 2 and R4 = 1. When there 

is an obscure part between a mother rr1inutia and a child minutia, 

concerning rclat.io1~ Ri is represented as Ri = x. 

Thus, a. stripe pattern is represented by a list of ininutiae, in the 

proir art. 

In another Japanese patent published with a specification No. 

21233/188, there is disclosed a stripe pattern matching systern mak­

ing use of the minutia list for verifying iuatching of a searching stripe 

pa.ttern to a filed stripe pattern. 

As for inatching of the stripe pattern such as the fingerprint, there 

are two ways of verification. Oue is a way applied for identifying an 

unknov~111 searching finger print gathered from a field, by verifying its 

matching to one of a phU"a.lity of filed fingerprints already i:egistered, 

such as perfonned. for crirninal iuvest.iga.tion, and the other is a way 

applied for coufirri:1i11g an individual by verifying rnatching of his fin­

gerprint input together with his ID nt.trnber to <"t spc1cifi_c fingerprint 

registered acc0111panied by the ID nurnber' S\lch as applied to gate 

c:ontrol. .. 
FIG. 14 is a ffowdmrt. illustrn,t;iug t-Ul cxcirnple of t.h<~ form.er way, 

tl.\ld FIG. 15 is t.}uit. of Uw lat.t.er way . . 
Iu the way of FIG. 141 Rfter au m·cfl. pa.ttern aurl a. rninutia list of 

.a. searching stripe pattern arc iupnt (a.t step 47), t.hosc of a filed stripe· 
• 
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pa.f.t.ern are inpnt: (at. st.ep -!8). Then (a.t. step 49), corn~spondence 

nf each rni1ltlt.ia ref{ist.C:'recl ill t.he minutia list of th~ ~carching ·strip<-; 

pat.tern is checked t.o ea.ch n1i11nt.ia rcgist.ered in the minutia. list. of the 

filed stripe patten~ hy comparing their coordinates, dfrections and rela­

t_ions, for listing up pairs of rni11utiae1 which are possibly corresponding 

t·o each other, into a. candidate pafr list as candidate pairs. Here, rnore 

than one caudida.te pair may be listed for one minutia of the searchi11g 

st.ripe pattern. Then, coordinate adjustment values, that is, deviations 

of X-Y coot'diua.tcs and direction between two correspondh1g 1ni11utiae 

are calculated for every candidate pair (at step 50) referring to the can­

didate pair list f~r checking distribution of the devia.tions. Process~s 

perforrr1ed at. steps 49 mid 50 are called the rough inatching 61. 
I i 

When significant coordinate adjnst1ncnt values a.re found (at step 

51) in distribntion .-of the deviations, coordinates of minutiae of the 

searching stripe pattern listed in the candidate pair list are adjusted 

( nt st.cp 52) according to the sig11ificant coordina,te adjust1nent val-
. . 

l.1.es. Them (at. step 53), ead1 candidate pair is verified 'and selected 

by cmnparing coordinates and direction of the sca.rcbing stripe pattern 

minutia after the coordinate adjustment with those of the filed stripe 

pattcnl. Then, <:orre.spond(mcc value of c:-ich. ca.ndld;i.tc pa.ii: after the 

selection is rnviscc.1 referring· to correspondellce between corresponding 

child inhmti<ie of t.he paired minutiae ( a.t step 54), considering the fact 

1
t.hat whcu a pair of two rnother minutiae: luwe concspou<lencc~, eacTi 

1 fonr pH.ir of t.heir C'hild minnt.in<~ shonlc.l have corn~spoudenc<~ too. 

TlH~u {a.t. step ~.5), a pair list. of pairs, e<1.c.:h co111poscd of a rni1111tia 

Si of th<~ R<~n.rc:hing .stripe pat.t.eru and it.s c;orr<~spondin~ minutia Fj, • 
• 

when there iR, in the filed stripe patt.eru, is t=!Xtracted from the ca.ndi-
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~l;~t.c pa..ir list. rcfofrinJ; t.o corrcspondeuce value t.hns l"(~viscd, <1s follows. 

Among t.he ca.udida.te pairs, a pair haviug ;i ma.xim11m corn~spondencc 

value is S<..!lected and listed in the pair list, a.nc.l ca.uc:liclate pairs left in 

the ca.nclidat.c pa.ir list and having either rr1i11utia. of the pair listed in 

the pair list are rejected as false pairs. Then, a caudid'1.tc pair having 

rnaximu1n correspondence value among the candidate p<iirs left in the 

revised candidate pci.ir list is selected a.11d listed in the p<:tir list as a 

next pair. By repeating the above selection until all candidate pairs 

are extracted or rejected from the candidate pair list, the pa.ir list is 

prepared, wherein .a. specific mim.itia pf the searching stripe pattern or 

the filed stripe patt·eru is listed hl only one pair in the pair list, and 

some minnt.iae a.re".left unpaired. 

Th.en (<1.t step 56), corr~spondeuce value of each pai1~ is again re­

vised refcrriug to corre.c;pondiug values between corresponding child 

1ninntiae of the paired minutiae in <\ similar way with step 54, and 

the m1pa.ired rniimtiae are checked whether it is significant or not by 

checking if their pa.rtner ininutiae are to be found in ineffective patter11 

a.rea or riot, or if they are one of opposh1g minutiae or not. Aft.er thus 

revising the correspondence values, a matching value is calculated (at 

step 57) hy norrnali.7.ing surr1 of the correspondence values by nmnhcr 

of dfoctive 1ni11ut.ia.c~. 

When 110 sig11Hica.11t coordina.te adjustment value is found at step .. 
51, control .. gous <lh:ectly t.o step 57 c1.ttribnting the rrmt.ching value ot 

/ I . fi. . f · Z<~l'<> t.o t tc <:ouc:<:rumg led st.1·1p<! pa.tt.eru. 

The~ proc;c!NN<!S fH•rfonned from st4ep 51 to st.cp 57 arc c<1..lled ·<t. dc~­

tH.iled mnt.c:hiug 62. 

Thus rcpcmting the rotlgh 1llti.td1i11g 61 and the deta.iled matchini.c 
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G2 "from st.ep 48 t.o 57 for every filc~d st.ripe pattern, a.n ID nurnber o.f a. 

filed st.ripe pattern g·jving a largest matching· value is ontplit (a.I; step 

58) at. tlw end of the inat.ching vc:1rificatio11 of FIG. 14. 

In FIG. 15, 011 t.he ot.her hand, wherein identifica.tion of a. searching 

stripe pa.ttern is confirmed, an ID number of a specific filed stripe 

p~t.tern is input for the first (at step 59). Then, the san1e procedure 

with FIG: 14 from s_tep 47 to step 57 is performed only once for the 

filed stripe pattern. specified by the ID number. When the matching 

value obtained at step 57 is larger tllan a fixed level) the ID m.unber is 

confirmed at step 60. 

FIG. 16 is a flowchart illustrating processes perforined in a crim­

inal investig .. it.iou for searching a filed stripe pattern having a set of 

n1inutiae {F;} (j = 1) 2, ... ) lnost similar to a set of ininutiae {Si} 

( i = 1, 2, , .. ) of a. searching st.ripe patter11 among a plurality of filed 

stripe pcitten1s, that. is, detailed processes of the way described in con~ 

nection with FIG. 14. 

Initializing hot.h of a maximum ma.tcl1i11g value MSC and an ID 

munber N of a rnost ma.td1i11g filed st.ripe pattern to zero, a. set of 

minutiae {Si} is ex,tractcd from a searching stripe pattern S at step 
.. 

71. Then, a S<~t. of minutiae {FJ} <tlld an ID muuher rt. of a. filed stripe 

pattern are read out at step 72. When there is 110 filed stripe pattern 

to be rea.d out, co11t.rol goes to step 85, a.ud otherwise, control go~s to 

st.up 73. ..r:: • • 

At step 73, each iniuutia F;c ( il E j) of the fik~<l stripe pattern 

he:wing coordimit.es, dirc~ction fiud relations whc:rcof di!for<mc·es a.r<:! all 

wit.bin respective} t.ltrcsholcl values from those of a, minut.ia Si of the 
• 

se<:'l.rd.1i11g stripe pa~t:en1 is register<-!rl in the e<tnclidat.e pair list as a • 
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partner of t.hc minutia Si of each of ca.nclidatc pairs {S; : Fa/vit} 

together with their correspo11de11ce value vu, which is perfonn<-!d for 

ea.ch minutia Si of the set of minutiae {Si}. 

Thus, followiiig candidate pairs are listed in the candidate pair 

list. 

. .. , 

... , 
Sm ! F mt/Vnii, Sm : F n1~/vrn2 1 • • •• 

Then, a maxiinum concentration M, a most appropriate rotation . . 
angle R and most appropriate shifting coordinates (6X, AY) a.re ini-

tialized to zero. 

Then, a rot.~ition e:i11glc 1· is initialfaed to -29.4°, for example, at 

step 74 and it is incremented by 1.4° at step 75. 

At st.ep 76, X-Y coordinates and direction ( ... Yi, Yi, Di) of each 

minutia· Si are rotated with the rota.tio11 angle r in rel~tion to ori­

gin of the X-Y plane, for example, into rotated values (XL Y/, Di') as 

follows: 

Di - Di+ r. 

Theu, ·calculating dcwfo.t.ious (D.Xi, llYi, b..D;) of rotated rninu.: 
/ . 

(.tici Si. frorn its pn.rtner rnhmt.ia Fil having coorclhuites 11.nd clirect.i<'>n 

(..-Yu, 1";1, Du) as follows: 

l\X: - """ "'" U. • 4 '\.i - .Aif1 
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corrcspondmlc<~ value v11 of c:md1 r;('tudidat.e pa.iris e:1.ccm11ula.f;ed on a. dis-

crete .6.X-6 Y dcvia.t.ion plane, when dired.ion deviation 6.Di is within 

a threshold value TD. 

After all correspondence values { vit} are accunml~t.ed on corre­

sponding coordinates of the discrete LlX-A Y deviation pl~\.lle, concen­

trated deviation coordinates ( 6.X', .6. Y') having a largest accumulation 

lit/' of t.he correspondence values { v;1} are obtained for the concerning 

rotation e:l.nglu r, and, at step 77, the 1na.ximum co11cc11tra.tio11 lvf, the 

most appropriate ~otation aJ.lgle R aJ.).cl the most appropriate shifting 

coordina.tes ( D...X, .6.Y) are replaced with the largest accurrmlation M 1
, 

the concerning rot~1:tion angle r and the co11ce11tra.ted devic.ttion coor­

dinates (~X', 6Y1
), respectively, when the largest accumulation M' is 

larger than the maximum concentration M. 

Then, at step 78, it is checked whether the rotation angle 1· is 

smaller than 28.0°, for example, and steps 75 to 78 are repeated by 

incre1n<?-i1tiug t.hc rotation angle r with 1.4° until it attains to 28.0°. 
' 

Thns, the tnaxi_mum concentrc.'l.tiou Jvf, the n1ost appropriate rota­

tion a.ngle R and t.hc most. appropriat.e shifting coordinates ( 6.X, 6. Y) 

of the S<".nrchiug st.ripn p~1.tte111 arc-? obt.ained. for a. concerning filed st.ripe 

pattern. 

~'hen . the UU'->;irnurn c:oncent.L·atiou lit/ is fonnd s1nall<~r than a 

fix<~d vahu; 'nt st.cp. 79, nuttchiug vahu~ SC of the c:onc<~rniug fil<~c.l st.rip~ 
( . . 

t pattc~rn is sc~t. to zero (at step 80) considering thc::rc is uo significant 

correspoudcmc;c! therc1to, an<l the cout.rol rdur11s to step 72.fr11· verifying 

corrc~spoud<mce to a next filed stripe pa.tteru. 

'\1\'hcm t.he maxhnmn coucentratiou M is larger tlum t.he fixed· 
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· \;a.lue, the COI1t.rol goes to step 81 fr~r performing the detailed nH-i,t.ching. 

At step 81 1 coordinates and direct.ion of every of the sd. of rniun­

tia.e {Si} arc a.djnstcd hy applying t;he most. appropriate rotat.inn cu1gle 

Rand the most appropriate shift:ing coordinates (.6.X, .6.Y) as the ad~ 

justmP-nt valnes iut.o a. set of adjnsted minutiae {Si}· 

At. st.ep 82, candidate pairs {S; : Fiifvil} are cal~ulated in the 

saine way as performed at step 73 maldng use of the set of adjusted 

minutiae {Si} instead of the original set of rninutiae {Si}. Then at 

step 83, a pair list is extracted by rejecting duplicated candidate pairs, 

ea.ch correspondence value of the listed pair is reinforced or omitted, 

and a normalized smn of the correspondence values is calculated as tile 

inatching value S.C of the searching stripe patter11 to the concerning 

filed stripe pattern, as described previously in connection with respec~ 

tive steps 54, 55, 5f5 and 57 of FIG. 14. 

When the matching value SC is larger than the ma.xi1num rna.tch-
. . 

ing vahrn MSC, the mn.xim1m1 matching value MSC is substituted with 

the ina.tching ve:Llue SC and the ID number n of the coi1cen1ing filed 

stripe patt<~rn is assigned to t.hc ID number N of the 111ost i11atchi11g 

filed stripe pctttern at step 84. 

Thc•u, t.he c;ont.rol is rnt.urued (;o step 72, for repeating processes 

fr<Jn1 st.cp 72 to stc~p 84 until there is found 110 filed stripe pattern to 

he~ read out.. 

FiiuLJly-;1.t. :...l.<~p 85, !.he l"fl<L..Ximmn rna1;chiug va.lnc~ MSC thus rcwisc1tl 

tis c:ornprtrl'cl with a t.lm:sholcl vahw. V\'hc•n U1e maxirnnru nrn.tchhvr ! 0 

value IV(SC is larg~r than t.hc U1reshold value, t.hc ID number N is 

output. as th<! ID. munber of tho most. rm.itching filed stripe~ pattern, • 

and ot.herwis<~, it. is report.eel that there iH found 110 filed stripe pat.tern • 
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mc~t.d1i11g to t.he sm1.rchi11g strip<-) pat.t.eru S. 

As above described, n1a.tching procedure disclosed in t,he .Ta.pauese 

pat<~.ut of tlle specification No. 21233/'88 is performed on an assnmp~ 

tion that the set of minutiae {Si} or {F;} of the searching or the filed 

fingerprint, when it is the case, is represented by coordinates aucl direc­

tion relative.to the.X-Y plane which have origin approxim~itely at the 

core of the .fiugerptint and Y-axis approximately oriented to the finger­

tip. Based on the assnmption, candidate pairs are sought: a.t step 73 of 

FIG. 161 and at steps 74 to 78, coordinates adjust111e11t is perfonued 

refen-hlg to correspondence between paired minutiae. Therefore, pair­

ing at st.ep 7? plays an important role, and once rninutia.e .are pa.ired 

iua.dequately because of low quality of a partly gathered fingerprint or 

lack of cor<? c~f a fingerprint in the cases sud1 as a. plain arch pattern, 

it is very diffic'lllt to adjust their coordinates, needing to reset again 

the origiu aud the direction, or needing to prepare several different 

coordinate planes fo~ the corl'C~ct matching. 

ThJs is a problcim of the prior art. 

_In a .Japanese.patent application laid opeu as a. Provisionft.I Publi­

Ci.ttion No. 183380f90, a personal ID verificatiou system t:o he applied 

to gate control, for <".Xmnplc, is disclosed. In the personal ID verifir.al;ion 

systern, au input. fi11gerpriut huage is processed into bilu1.ry irnage clatct 

and dircctipnal <listributio11s of ridge liues am extracted a.n.d c:hcckec.l 

nmkiug 11.s<!. c>f mask pattnnts each haviug str<iight Rt.rip<~s ra.n~<~<l iu difa ... 

! fereut. clirec:t.iou. Therefor<~, if the input fi11gc~rpri11t. image is tn.ken with 

a differnut posit.ion or diff<'reut direction from t.lwsc appli<~<l when the 

fil<~d fing<-!rpriut is i'C~gisten:cl, the corr~d rrmt.d1iug hn<.:ouies difficttlt., • 

which is usual in the case of a. s~archiug fingerprint ga.thcred frorn a. • 
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cri mina.l field. 

There is another scripe pattern matching method disclosed in ·a 

Ja.pauesc patent. application la.id open as c\. Provisional Pnblica.t.ion No. 

144982/'84. In this prior art., coincidence of ridge lines bet.ween a 

searching st1·ipe pattern input through cu1 image sensor and a filed 

stripe patten1 is verified instead of matching of minntia.e bet.ween the 

two stripe pattern~. Therefore, correct matching cannot be obtained 

also in this prior art, when position or direction of the input search­

ing stripe pattern ·differs fro1n th~t of the filed stripe pattern. Iu this 

Provisional Publica.tion, another method similar to the _personal ID 

verification system of the Provisional Publication No. 183380/'90 is 

also proposed, where.in minutiae are extra.ctecl. to be. verified each thne 
I 

from the input sc~.a.rching stripe pattern referring to minutiae of the 

filed st.ripe patt.cru for coufirrning matching of the t.wo stripe patterns. 

However, this method beco1nes also iu.effective w"11e11 position or direc-
·. 

tio11 of the input secu·ching stripe pattern differs from that. of the filed . . 
stripe pattern. 

F\1rther111orc;, above two rnc~thods are, in pra.ctice, hr1possible to 

be applied to a fingerprint. 1natchi11g system used for criminal investi­

gation, wherein fil~<l fingerprints of more than 100 thousm1d persons 

are registered, for cxe:unplc. When 12 minutiae c:u·e to be checked for a 

fiu~erprint (ft ~!i !·m.id t.har two fiugerpriut.s c:an he rcga.rded .as t;hose oh-
't 

tta.ine<l frorr1 the~ s;.i.me fing0.r when 12 pairs of miuutine coincide~ betw<~<~n 
( 

the t.wo fiugerpriut.s.), and .fiugc~rpriut.s of ten fingers are regist.ercc.l for 

'" pcl'sou, rru'l.t.c.hing with n1ore than a. inillicm filed fingm·priut.s should 

be pei-forrnc~d. It mecu1s tlmc: more t.ha.n 12 x 1, 000, 000 rninut:ia.e rnust. : 

hn extracted, which is extremely ineffici<~ut: in pract.ice. 
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SUMMAHY OF THE INVENTION 

Therefore, a primary object of the pre.sent invent.ion is to provide 

a. stripe pattern m:atching syste1n to be used for specifying a. scarch­

in,g; stripe pat.t.ern ~nch as a finp;erpriut gathered frOJn a. crhninal field 

m.11011g a enormons 11nn1bci· of filed st.ripe patterns with a. high speed 

a.~1d n high precisio~i as well, by enabling to vel'ify minutia correspon­

dence between a searching stripe pattern and a filed st~ipe pattern 

independent of position or direction of the searching stripe pattern. 

In order to achieve the object, a st.ripe pattern ina.td1i11g syst.ern 

of the invention, for verifyii1g matching of a searching stripe pattern to 

a filed stripe pattern of a plurality of filed stripe patterns beforeh~d 

registered, co1nprises: 
I 

a feature extract.ion means for extracti11g features of minutiae frorn 

the searchiug stripe· patt~rn; 
' a. searching stripe pattern feature n1einory for storing the features 

ext.ractcc.l by the foa.t.-l:trc1 extract.ion ineaus; 

a filed stripe p~ttern fetl.ture inemory wherein prepare_d features 

of ininutiae of the plurality of filed stripe patterns; 

a pairing examination means for ewi.luating a. correspondenc:e value 

between a 111hmtia. of the searchiug st.ripe pattern stored in t.he sea.rch­

iug strip(~ -pn.tt.cru feat.,u.·c inemory 4-1.11<.l a ininu.tia of tlrn iifod. st.rip<} 

pu.tt<~ru prcpcirecl iu the fifoc.l strip<! pattern feature~ n'le1rwry; 

a ca,udiclat£! pair list wbct<'iu caudic.ict.t.e rmirl\ are 1'<1gist.c!rcd, each ' 

pr said candidate pairs being a pair of a minut.itt of the searching stripe 

pattern and a. ininutia of the fi]c .. d stripe p~ittcrn whicl1 are d<~cidP.d to 

1:><~ similar wit.h cmch ~1thnr by the pairing exainhuition menus <~valuating 

the correspoudeu<.·e v~tlnc bet.wc~cu th<-:.m; 
. --·-· ···----" - -·- ·- -· ··-··· ·- --·. ----- ··--·· . -- .. -·-···. 

IThis llliil llii1l1i1il1f iicec 
• 
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THIS SHEET HAS BEEN 
REPLACED 

. . . 
<1. coo_rdiun.tc C(lllversion rneans for cc.l.lculat.ing rotated cootdina.tes 

of each of mi1111t.iae of t.he searching stripe pattern by rotating coordi-

nat.es of sa.id ea.ch of rninutiac by a. rotation angle designated around 

a designated point of an X-Y plane wherewit.h the coordina.tes of sai~l 

ea.ch of minutiae a.re, defined; 

a rot.atcd stripe pattern feature memory for st.oring the rotated co­

ordinates of each of ininutiae of the searching stripe pattern calculated 

by the coordinate conversion ineans to be accessed with each value of 

the rotation aug;le; 

a deviation plane memory for a,ccumula.ti11g the correspondence 

value of each of t.hc candidate pairs satisfying a 110111inatio11 condition at 

au adckcss thereof i11dice1.ted by deviation coordiua.tes of said <~ach of the 

ca.ndiclatc pairs, the deviation coordhiates being differences between 

t.hc rotat.ed coordinates of e:i inim.1tia of the searching stripe pattern 

e:'l.ncl coordinates of a· minnt.ia of the filed stripe pattern of said ea.ch of 

the candidate pairs; and 

a co11trol 1nea.ns for, 

selecting axia.l candidat<" ... <i among the candidate pairs, 

oht.ailliug couccutratc~cl dcvia.tioll c:oorcliuat<~S giving n. la.rgcst ac­

cmwtlatiou of the concspoucleuce valne for each of the axial candida.tes 

by controlling the deviation plci.11e me1nory to accunmla_t-e the corre­

spondence value of each of the caudida.te pairs satisfying the 11orni11a.­

tio11 couclit;i-on nr.c~ordiug to the deviation coordinates ohtained fro1nr 

/ t.lrn rot.at.nd c;oordiuates caknla.tec.l hy the c;oordi11a.t.e couvc~r~ion ineaus 

with t.lw ro(;aticm a.uglc equivalent. to H. direction difference bd.we<m two 

rninutiac? of sn.id <~a.ch of tlw <txial candidates, 

finding ~t 1nost. appropriate axial candidate which gives a umxitnu1n • 

. , 
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. . . 
value of tlw 1<1.rgc~st accnmula.tion among the a.xial candidates, 

clet.errnining the c.lirc:·ction <lifforc11Ge a1id the c;on<:e:~nt.n.i.ted clevia­

tiou coordina.t.es given by the inost. appl'opriate axial candidate as a 

inost. a.pproprifttf~ rotation ang·le and most appropria.te shifting coordi­

. nates of the searching stripe pattern, respectively, and 

performing a detailed matching of the searching stripe pattern to 

the filed stripe pattern making use of the niost appropriate rotation 

angle and the most appropriate shifting coordinates. 

Therefore, even when either or both of absolute dfrection and ·po· 

sition, such as orientation of the fingertip and the core position of the 

fingerprint, cannot be specified, candidate pairs c~n be listed by select­

ing possibly corresponding two minutiae without needing to estiina.te 

the directio11 ru1d th~ positio1~ of the searching siripe pa~ttern, and the · 

most. a.ppropria.te c9ordinate adjust1nent of the searching stripe pat-

tern ca.11 be performed witho~1t needing any trou~lesome manual works 

of the expert. for correctly positio11i11g and directioniug the searching 

stripe. pattent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing, forthe1· objects, features, and advantages of this 

invention will hec:orne apparent frorr1 n c:onsidc1·~tt.io11 of the follow­

ing de-~c.ription, t.,he <1-ppended claims, a.nd the accoir1pa.nyi11g drawings 

wherein t.hc same!· 1mmenils indicate the sarne or the correspo11c.liug 

parts. 
( 

In the cll'a.wings: 

FIG. 1 is ~\ hlock diagram illusl~n1.ti11g a st.l'ip<~ p~tt.t.e1·11 1na.tc;hi11g 

syste1n ~~ccor<li11g t.o an cmbodirneut of the i11vcmt.io11; • 

FIG. 2 is '" pa.t.t.eru di<tgrn.m illustrating rninutiae of n fill~<~rpri1it 
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pat.tern by way of exarnplc of the st.ripe pa.f.t;eru; 

FIG. 3 is a ftowcha.rt illustrating operation of the stripe pattern 

m~tching system of FIG. 1; 

FIG. 4 is a fiowd1art illustrating another operat.iona.l processes of 

the matcl1ing system of FIG. 1 whe~ein certain numbers of rotated 

minutia sets are l?eforehand prepared; 

FIG. 5 is a patt.ern diagram illustrating correspondence between 

child minutiae; ·. · 

FIG. 6 is a pa.ttern diagram illustrating an exarnple of a. searching 

stripe pattern; 

FIG. 7:is a pattern diagram il1t:tstra.ting an example of a. filed stripe 

pat.tern whcret.o rua.tchiui; of t.hc searching st.ripe pattern of FIG. 6 is 
r 

verified; 

FIG. 8 is a. sdl.ematic cliagra111 wherein minutiae in FIG. 6 and 

FIG. 7 a.re illu.st.rated in parallel on the same plaue; 

FIGs. 9 to 12 are schen1a.tic diagrams each illustrating processes 

performed at step 35 of FIG. 3; 

FIG. 13 shows the-~ rninutiae of FIG. 6 adjusl:ecl relat:ive to the 

minutiae of FIG.·.7 concerning <t most appropriate a.xial candidate:: ((]] 

: cr>); 
FIG. 14 is a fiowcha1·t illnstrat.iug an ~xample of pri<)1: processes of 

the nrn.t<;~~iug vP.rifica.tio11 of t.he stripe pat.tern appliecl for iclcmtifying 

f ~iu nukuown sc~a.rchiug fi11g<ff print. gatlwn-:cl frorn a fic~lcl hy vc:rifying its~ 
t 

1nat.chi11g to ouc of <i plnra.li t.y of filed fiugc~rpriul::; a.lrna.dy r<!gistered; 

FJG. 15 is a fiowclrn.rt illnst.ra.tiu~ aiwtlrnr exm11pl<! of prior pro­

cc~sscs of t.lw mat<:hing verificatiou <1f tlw st.rip<~ ru:1.(:te1·n applied for 
• 

confirrniu.g a.n in<lividnal hy vcri(yiu~ matching of his fingc·:rpriut in-
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pnt t.oget.her wit.Ii his ID nnmber t.o a sp<~cific fiugc~rpriut. registcn~d 

accompauitxl by the ID munhcr; and 

FIG. lG is a flowchart. illnstrn.t.ing det.ailed processes of tlw rna.tch­

ing verification dc~cribed in connection with FIG. 14. 

DETAILED DESCRIPTION OF THE PREFERRED· 

EMBODIMENTS 

Now, ernbodiments of the present invention will be .described in 

connection with the drawings. 

At the begiu11i11g of the detailed description, mi11utiae aud their 

features (data) representing a stripe p.attern arc defined. The end point 

such as 2a to 2e ~f FIG. 2 aild the bifucation such as 3a a.re called 

minutiae aud a mill~ltia and a set of minutiae of a searching stripe 

pattern are expreSs~d by Si and {S;} (i = 1, 2, ... , I). respectively, 

while those of a filed stripe patten1 am represented by F; and {Fi} (j = 

1, 2, ... , J). Coordinates and directio11 of a minutia. of the searching 

st.ripe pattern are· cxprc~ssed as (X;, Yi) and Di, respectively. A child 

iniuuticj. a.rid its coordhrn.tcs of a minutia S; of the searching stripe 

pattern are exprc~cd as Su: aud. (Xu:, lit:) (k = 1, 2, 3, 4) respectively, 

and relation het.ween. a n1inutia. S; (l.ncl it.s child J.ninntia. Sik hy Rn:· In 

tlu~ same way, coordina.tes, direction, child minutia., coordiriates of the 

child minutia and relation betwecm the child rr1inul:ia of '~ rniuntia Fi 

of a fil~d ~~ripe~ pa(;teru a.r:e cxpr<:ssed as ( ... Y;, lj), Dj, F';1:, (}\:;1.:, Y;k) 

~u1d Rp~, re.qpcctively. 

t FIG. 1 is a block cliagram illnstr<tting '" stripe~ pattern matching 

system n.ccordiug to f\.ll ernhodimeut of the~ iuveut.iou, comprising: 

a. foat.nre extnictic.m mc~ans 11 for c~xtractiug foa.t.nrcs of rui11nt:iac1 . 
{Si : ( ... \;, l'i), D,, ·{Su:}} from irnagc <lat.n of a S(~archiug st1·ipc~ patt.cm1 • 
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·s;ipplicd from cl.11 i11p11t. dc~vice such as a sccumer; 

a searching stripe patt.eru foat.ure mernory 12 for storing the foa­

tllres extracted hy t.he feature extraction means 11 t.o b<:? read out at 

any thne; 

a filed stripe pattern featu1·e mernory 13 wherein prepared the 

features of minutiae {F; : {Xj, lj), Dj, {F1.cJ} of a plurality of filed 

stripe patterns to. be read out at auy time; 

a coordinate conversion means 17 for genera.ting coordinates and 

direction of each of a. rotated rninutfa s<~t by rotating· coordinates 

(Xi, Yi) and direction Di of each of. the set of minutiae {Si} of the 

searching stripe pattern by a clesigna.ted angle around <~ designated 

point (origin, for ex<~mple) of t.Iie X-Y plane; 

a. rotated st.ripe !><i.ttern feature mc!mory 14 for storing the features 

generated by the coordinate conversion rr1ea.11s 17 to be read out a.t any 

thne; 

a. pa.iring exmninat.ion n1eans 16 for evcthmting correspondence 

wtlue vi( (which wi1:l be described ctfte1;wa.rds) between a ininutia Si 

of '" sea.rchiug st.ript~ pa.ttern stored in the searching st.t:ipe rrn.ttern fea.­

t\u·c! rnmnory 12 mul a. miuntia Fj of <t filn<l strip<~ pat.t.c!rll pr<:pa.rcd in 

the filed stript~ pattP.nl featnre memory 13, and listing up· ct candidate 

p~ir Cij(Si : F;/v;;) when t.hP- correspondence value v;.; between t.he 

n1hmtia.(~ Si <~ud F; is larger t.lrn.n a t,hr<-!shold vcwnc; 

a. ca.udidat.c rrn.ir list 15 whc~reiu the candidat.e pair list0d up by 

pi1e pairiug exmniun.t.iou rrwaus lo is regist.<~r<-~<l; 

<l. deviation pl~inc n:1en1or:r 18 for acc:mnulci.t.ing the corrcspond~nc<~ 

va.lnc v;; of <md1 o~ t.lw cnuclidntc pairs { C;.;(Si : Fi/vu}} sa.tis(ying a • 
• 

certain cou<lit;iou a.t. nn adc.lre~s thereof indicated by deviation c;oordi-
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• ~~n.t.cs of couc:eruiug ca.ch of tlw <:andidat:c~ pairs ddi1wd hy I.he rot.at:ed 

coordinat.es of ca. minutia of the sea.rd1i11g stripe pat.tern a.ud coordi~ · 

nat.es of a minnt.i<~ of the filed stripe~ pat.t.eru of t.h<·~ co11c:en1iug ea.di of 

the candidate pairs (which will be described after wards); and 

a control rr1ea.ns 10 for cont.rolling the feature extrad,ion rneans 11, 

. the searching stripe feature memory 12, the filed stripe pa.ttern feature 

rne1nory 13, the rotated stripe pattern feature 1n0n1ory 14, the can­

didate pair list 15, the pairing examination n1eans 16, the coordinate 

conversion means 17 and th<~ deviation plane incrnory 18. 

When a rotation angle c around a point. (a, b) on the X-Y plane· 

are desig11ated, the toordinate conversion means 17 converts coorcli-

11ates (Xi, Yi) and direction Di of a minutia Si into rotated coordinates 

(Xf, Y/) and rotated direct.ion Df as follows: 

..-Yf - (X; - ·a) cos(D, - c) +(Yi - b) sin( Di - c) 

Y;c - (l~ - b) cos(Di - c) - (Xi - a) si11(D£ - c) 

Di - D; - c 

T~1e c:oordimi.te convcrsiou 1nea11s 17 m.ay also genera.te a certn.iu 

number ( 40, for example) of rotated minutia sets sequentia.lly by ro­

tating coordimi.t.es of t.lie set. of mi11ntia {Si} certain t.in1cs (20 ti111es 

forward ancl 20 t.imes had"ward, for mrn.rnpfo) hy a ii:-.w<l clegr<•(! (1.4'\ 

for ex~in1pfo). 

Now, ~P<~l'<t.ticm of tlw st.ripe p<ittern matching system of FIG. 1 

1s <lescrihc<1 ref<~rriug to a H.owcha.rt. of FIG. 3, whc~rniu t.lu~ rotated 

t minnt.ia set is d<:s<:ribcd to be~ c:alc:uh-1.t.c~cl etich t.irrw, for c;onvc-!nicmce of 

the cornpariscm with th<· prior art. clcscribncl iu c;ouuc-?diou wit:h FIG. 

lG. 

Aftc~r i11itiali7.iug a. maximum rrmt.c:hio.g va.ln<~ MSC awl au ID uurn-
• 
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. . . 
her N of a rnost ma.tching filed stripe pattern to zero, a set. <>f rninutiae 

{ S;} is extracted by the~ fmi.tnr<:' ext.ract.iou mc-mnf; 11 frorn a. sm1.rchiug 

stripe patter11 S ~t.t step 31 aud stored iu the searching stripe foa.t.ure 

memory 12. The. searching stripe pattern S rnay be obt~tined directly 

t.hrough an ima.gc hlput device snch as a scanner or n1a.y be~ t.ra.usrnitt.ed 

by way of electrc)nic data fro1n a remote terrninal through a network. 

Then at step 32, a set of J minutiae {Fj} (j = 1, ~' ... , J) of a 

filed stripe pattern F and its ID number n are read out from the filed 

stripe pattern feature memory 13. 

Then at step 3?, every pair of. a minutia Si ai1d a .. rninnt.ia °Jf'J 

giving the correspo.~1dence value v;,; not s1na.ller thau the threshold 

va!ne is listed in the candida.tc pair list. 15 as a. candidate p~lfr Cij(Si 

: F;/v1j) when direction difference between the two minutiae is within 

a design.a.ted value, ±28.0°, for example, regardless of their positions. 

The restrict.ion of .the direction difference is provided here for co1npar­

ing t.o the proc;cdnr·e of FIG. 16. However, the n~st.rict.ion rrmy uot. be 

providcfd wit.bout ·C!ti.1y inconvenience. 

At step 33, the correspondence va.lue Vij is evil.lnated.as follows by 

the pH.iring exa111hmtion m«~ans 16 . 

.Arnong thrP,shokl wt.lues TT1 TD, TR_ i:u1cl TS pre1:>ared in the 

pa.iring c~n.ir.tlmttion rne<u1s 16, TD, TR and TS are considered here at 

step 33. Fe~: each minutia S; : ( .. Y;, Yi), Di, {Fi~·}, {R;k} (I.: = 1 to 4) 

of the H<~a.rt.:hing st.ripe pat.t.c.·ru S, ,J minutiae {Fj: (.Xj, 1)), Dj, {F;k}, 

t. {Rik} { k = 1 t.o 4)} arc iupnt 01w hy ouc. Wlum <1.h:mluta~ dirc~ct.ion 

difference ID; - D;J bet.ween the mi1mt.in. S; mid n. rninut.ia Ii] is not 

1nore than TD (28.9°, in tbc-n~xnmplc), rc~latiou cliffore11ces {fR;i:-R;.i:l}. 

(k = 1 l~o 4) am c:ll<~dmd hetwccu thcm:i, and wlum a 1uunh<:r $PC of th'!• 

'="· 
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rdat.io11 <liiferc11_ce:::; whiC'h i:-; 1101". snmller t.hau TR is uot. .-;mallcr t.ha.11 TS, 

the pa.ir of the rniuntiae Si' aucl Fi is registered in th~ <":;.111did.:-1,te pa.ir list 

15 as a c:andida.t.e pair Cij(S; : FJ-/vij) substituting; t.hc corn:spondence 

value vii with the nnmber SPC. 

Then at step 34, a certain number of candidate pairs {C,.11ri.(Sm : 

Fn/Vmn)} having c~rrespondence values not smaller than those of other 

candidat.e pairs are selected as the axial candidates e:i.mong whole set 

of cancliclat.e pairs {<;:;;;(Si : F;/v;1)}. 

A inaxitnmn c~ncentration M, a most appropriate rotation an­

gle R and most appropriate shifting coordinates (Cl.X, 6.Y) are also 
:,, -

initialized to zero, here at step 34. 

Then at step 35, the coordinate conversiou mea.ns 17 converts 

coordinat.es ( ... Y1, Yi) of rninntiae {Si} listed in the c:anclida.t.e pa.ir list 

15 are>uud H. poinl: (x, y) with a rotation angle r, subst.itl.l.ting the 

coorc.linates (x\ y) and the rotation a.11gle r with coordina.tes (Xm, Y,11) 

of inirmtia S,11 and direct.ion difference betw<~en mi11ntia.e of ea.ch of 

the a..xial cc.u1dkla.tes {Cmn(Srn : Fu/vm12)}, 01w by one, a.s previously . . 
described, a.ncl correspo11c.le11ce value Vij of each cru1diclat.e pair Ci;(Si 

: Fj/v;i) is plotted· and a<.·cmnuht.tnd 011 a. clcvia.t.iou plmw for each 

rotation R.uglc~ 1·, as follows. 

When a couccniing axial ccu:ididate Cmn(Sm F 11/vm.u) ·has a c.li­

l'<~ctiou diffc~~mc.<! 1·, reforcu«c dc-!vicl.tions ( D. ... Yw 11 , 6. }~1111 ) b(~t.wccn the 

rnirmt.in S11t of the :;ca.rd1i11g stripe pat.t<!l"ll rind t}H~ COlT<!Sponcliug· mhln-
1 . 

t:~.\. Fu of t.hc .. filed sl:rip<~ pa.tt.<~1·n t.ll'f~ defined as 6 ... Y11111 = .X"' - .1Yn and 

A V.m, = l~" - 1~1. 

Tlwu rof;<1.t.ed coordiuak:-; (JY[, li'') a.ucl rot.ated dirc;c;tiou Df e>f • 

1ni11n t.hi s i ()f evc~ry of the c.:andid~t.t<! pairs { c,j ( s i : Fi Iv ij)} a.re con1-
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: :i>a.recl wit.h coorcliua.t.es ( XJ', }'j) and direction D j of its corresponding 

rninnt.ia. Fj. 

\~Then direcl~ion dcvia.t.ion f).Dij and difforences of c~>ordi11a.te devi­

ations (6.XJ.j, b.Y,-j) t.o t.he reference c.levia.t.ions (6.Xmru.6Yim&) satisfy 

following corH.litioll~5, 

l~Dijl = IDi' - Di/ < TD, 

1~ .... Yij - .b. ... ~m11l = l(Xi' - X;) - (Xm - Xn)I <TT, 

a.nd 

l6~j - .b.Y,,ml :. 1(1'i2' - Yj) - (Y,n - Yn)I <TT, 

correspondence vahie vii of ea.ch of the cauclida.te pairs { Cij(Si : 

F;/viJ)} is plotted and accumulated 011 each grid designated by co­

ordinates (llX[,-, .b.fij) on a llX-6 Y discrete deviation plane. 

This mea.ns that. the~ correspondence values { v;j} a~e plott1"7d and 

a.cct.tmnlated for candidate pairs whereiu seg1nents connectiug between 

rota.ted miuntia. sr of the searching st;ripe pattern aud its part;ner ininu­

tfo. F; i.s qna.si parallel to that. of a conc<~rning axial candida.t.e. 

Aft.er every <.:H,ndidate pair is check~d for a. concerning axial candi-
. . 

date, concentrated deviation coordinates (b..X', D.Y') having .a largest 

acc;nrrmlatiou NI' of t.lw correspoucfo11ce vahtt}S cu·rw11g grid:-; of t.he dis· 

cretc clevial;iou plm1e arc examined a.t step 36, a.ncl when the largest 

acc."1.i1n11lation /l'f' . is larger than the mnximnm concent1«ltion /I.If, the 

ma.xirmun con<.:<~lltration M, the most. u.ppropriat<:! rotation a.ngle R 

nucl t.lw most: appropriat.c shiftiug <:oordinates (b..X, ~Y) c.1.n~ snbsti-

ttntec.l wit.h t.hc lct~'l:~cst. accunmbi.t:icm .NI', the concent.rat:ec.l deviation 

f coordinn.t.<~s { ~)[', D.Y') aud the direction diff<"r<:ucP ,. e>f the conccru­

i11g a:xia.l camlidntt:!. 

Thus repea.t.iug step:;; 35 and 36 unt.il all the a.xici.l ca.udicla.t.<~s a.re • . 

~. 
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consiclc~rcd ( c:hcd:ed at. step 37), the ma.xirmun (;om:cnt.ra.t.ion !l;f, the 

inost ~ippropria.t.c .rot,atiou angle R au cl the. rnost. a.p propria.te shifting 

coordi1w.tes (Ll.){, ~Y) of t.hc sea.rching stripe pat.tern S arc obtained 

for a file<l st.dpe patt.ern F. 

Here, it is to be not.eel tha.t the candidate pairs, <tnd consequently, 

the axial candidates are selected according to correspondence value 

based on the relations de.fined relatively to each minutia direction, re­

gm·<lless C>f minutia. 9oordina.tes, in the er11bodime11t.. Thcu, t.he inost 
¥ 

appropriate rot~Lti()n angle R mtd the most. appt<>priate shift.iug coordi-. . . 

nates ( 6.X, Cl. Y) of the searching stripe pattern S are det.ennined rela-

tively to minntia coordinates and direction diffe1~ence of a.11 appropriate 

axial candidate. Therefore, the inost appropriate rotation angle Rand 
t 

the most. appropriate shifting coordinates (6..,Y, AY) of the rninutiae 

{Si} of t.he sea.rching stripe pattern S can be obtained independent of 

<tbsolnt.e coordinates or orieuta.t.iou of the searching stripe pattern S. 

This is the difference aucl merit of the invention co111pt\.l'<~d to the 

prior art of FIG. 16. 

When the ma:xin1mu conccntratiou IYl is fot.u1c.l s1naller than a 

fixc~<l vahrn a.t st<~I> 38, u1atchi11g value SC of the toucerning filc:cl st.ripe 

pat.tern is sot~ to zero (at. st.<~p 39) <;onsidering tlwr<~ is un siguific.a.ut. 

correspond<~ncc tberet.<> 1 and the ccmtrol retnrus to step 32 :for verifyi11g 

correspondence t.o 21 nPxt filc~cl strip<1 pa.t:t.ern . .. 
( Wheu tlw maxirrmm conc.eu(:rntiou Jvl is largc1r t.hau the fixed 

I 
·value, t.he contl'ol goes to step 40 for performing tlw d<"ta.il<:d .rrmt.chh>g, 

which in<iy h~ the sain~ with t.he prior art. of FIG. 16. 

At st.c11 40, <;oorclina.l~c·s mid <lirnd.io11 of cv~ry of the ~<·I. of inillltt.ia.e • 
• 

{.S;} m·c~ adjm;t.<~<l hy <ipplyiug the t.hc most appropriate~ rot.a.tiou angl<• 
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·1r and t.hc.'. most. ;~pprnpriat.c shift.in~ c;oonlina.tes ( 6.X, 6 Y) a.::: the a.d­

just.mcmt values into a. set of adjustc..:d rniuut.iae {Si} by t;hc coordinate 

conversion mc~a.us 17. 

At. step 41, ca.ndidate pairs {Cij(Si: F;/vij)} are selected inaking 

nsc of the set of a<ljnsted minntiae {Si} instead of the original set. of 

mi11n tiae { S;}. 

Then at step 42, fl. pair list is extracted by rejecting duplicated 

ca.ndida.te pairs, cacli corresponc.lence value of the listed pair is rein­

forced or ornitted,' ai1d a norma.lized sum of t:he correspondence values 

is calcula.t.ed as t.he rr1a.tchi11g value SC of t.he searching st.ripe pattern 

to the coucerlling fiiccl stripe patter111 whereof details will be described 

afterwards. 

When the matching valnb SC is la.rgc~r than t.hc inax~rrm1u rnatch­

iug va.lne MSC, t.hc nrn.xi111tnn rnatching value MSC is replace.cl with 

the matching value SC and the ID mnnber n of the concerning filed 

stripe pat.tern is assigned t.o the ID number N of the inos~ matching 

filed stFipc pat.tern at. step 43. 

Tlu·m, t.he contrc)l is returned t.o st.ep 32, for repeating processes 

froiu Ntop 32 t.o :-;t.c~p 43 nut.il t.lwro is found 1w filed st.ripe: pal'.t:oru t.o 

perfonr1 rmttchhig ·therewith. 

Finally ctt. stiep 44, the 1naxirnum mc.it.chiug V(tlttc MSC thus revised 

is c;o1nparecl with a· t.hreslrnld value. \i\Theu the inaxim.urn nmt.dling 

valm~ lVISC· is lar~et t.lic:m t.lw t.hr<-!.'ihokl vahw 1 the ID nnrnber N is 

; ont.pnl: as l;Ju; ID nmnh<~r of t,hc mnst. mat.d1iug filc~d !:if:~·ipc .. pa.t.tc~rn, 

aud othc~rwi~n, it is rcport<~d that there i:-; fonncl uo rn.a.t.chiug filed 

st.ripe~ p<t.f;l.,!rll. 

Iu t.he E1.bovc: procedure, t.hc~ rot.atc~d minutia. s<~t. {Sr} is ca.knla.t.e<l: 
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<1.t.·step 35 hy t;lw coordina.t.c conv<:r:-;io11 mca.ns 17 each t.inw for ca.ch a.x­

ia.l cau<li<ln.t.<~ hy a.pplyi11~ cliroct.ion clifforeuc<' r of t.he axial c:.mcli<la.t.e, 

in connect.ion with ea.ch filed stripe pa.t.t.eru. 

Ho"vever, when t.here are a lot of filed stripe pa.tt.erus, an enor­

rnous calculation becomes necessary. For eliminating this proble1n, the 

coordinate conversion means 17 may prepare a certain. ntunber of ro­

tated minutia sets ~~quentia.lly by rota.ting coordina.tes of the set of 

minutia {Si} certai~1. ~irnes by a fixed degree, when a 111inut.ia. set {Si} 

is ext.ra.ct.ecl frorr1 a. searching stripe pn.t.t<ffll by the foa.t.nr<~ <~t.ra.ctio11 

rneans IL 

FIG. 4 is a flowchart illustrating operational processes of the 

11rn.tching system of FIG. 1: wherein the certain umnbers of rotated 

ininutia set:; are beforehaud; prepared. 

A set. of minutiae {Si} is extracted by the feature extraction means 

11 from a searching stripe pattern S a.t. step 31 and stored in the search­

ing stripe fea.t.ure inemory 12, in the same W'cJ.:Y with FIG. 3. 

The~1 at. st.ep 451 a. cert.ain number ( 401 for cxarnplc~) of rotated 

n1inutia. sets arc ccJq1la.t.ed by the coordinate conwn·sion r11ea11s l. 7 se­

qrnmt.icilly hy rota.t.iug· coonliimt.c.~ of t.hc S<~t. of miuntin {S;J cc·rtaiu 

tin1es (20 thncs forward and 20 times b~ic.kw<:'l.rdJ for exaJ.nple) by <t 

fixed degree (1.4°, for cxH.ir1ple) around origin {for c~xmnplc~) of the~ X-. . 
Y plane, which ttl'f! stored in the rot.at<~d stripe p~d:teru feature inernory 

14. 

1 Then a. .. xia.l <'<.l.lldidat.c•s {Cmu(S1,, : Fu/v11111 )} a.re r-;d<~d:fHl m tlw , 
sc-un<~ wH .. y with FIG. 3 at S(~<~ps 32 t.<> 34. 

At. ~~.<·.p 46, rcfr~rence deviat.ion.s (6..,Y:;i,,, ill~:;,,) <\.1·e ddiue.<l a.s fol­

lows for a.u a.xia.l ca.udi<.lat.<} C,,u1(S,,, : F,,/v11111 ) hn.viug <\. clired.iou dif- • 
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This 1 if~i~ llii1i1i1ilfliiced fcrcncc 1·; 

and 

D.Y.r _ 1-'r · ) . .r 
nui - in - ''' 

where (J-r:;,, Y:!~) arc! rot.atcd coor<lhw.tes of t.he minutia. Su. of the <1.Xial 

candidate read out. from the r()ta.ted stripe pattern feature rnemory 

14 accessed with t4e direction difference 1·, instead of the reference 

deviat.ions ~-"Ynm = Xm - Xri and ~Ym,1 = Y.n - Y,i used a.t step 35 of 

FIG. 3. 

Then rot.at.ed coordinates (X{, 1?") and rotated direction DE of 

minutia Si of every of the candidate pa.irs {C1j(Si ; Fi/vii)} rea.d out 

fro111 t.lie rotated stripe pattei-u feature rncm1ory 14 are cornpared with 

coordinates (JY;, Y;) and direction Di of it:S corresponding· minutia Fi. 

Wlrnn clircction:cleviation 6Df; and differences of coordina.t.e devi­

ations (ClX&, D.l'i~i) ·to the reference deviations (t).X;;111 , L\y;;;n) sa.tist:y 

following conditions, 

16.0~jl = IDi' - D;I <TD, 

l~Xij - D.X~ml = j( .. Yl' - .. ¥;) - (X,1;, - .1Yn)I < TT, 

and 

juYjj - 61~;;,,I = 1(1~1• - lj) - (1~:~ - Y,l)I <TT, 

correspondence Vitlne Vii of ca.cl! c>f t.h<~ candidate pairs { C1;(S; 

F;/vij)} is plott<:~d cu1d acc:nrmilated ou ca.ch grid cll"'..sig1rn.ted by co­

ordinates (Li.Xij, D.l~j) ou tl1<:? 6X-tl Y clisctct.c-' dc~viatiou plane, in a 
( 

!shuil~t.r W<W wit.h t:lic processes perforrrwcl at stc~p 35 of FIG. 3. 

Then, the sam<~:pro<wsscs 36 t.o 43 with FIG. 3 follow aud dnpli­

c<t.terl dc~sc:ript.ion is 01nit.t<Kl. 

Now, <l~t;iils nf t.h0. d<'t<t.ilo<l mat:d1ing will be described. 

• 
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· ·· At st.ep 41, rni11forc·ernc11t: au<l on11ss10n of tJ1e corrcspcmdeuce 

va.lue of <:mHliclate pa.irs are perfonnc~d as follows. 

As for coorclina.t.e deviations <u1d direction deviation between two 

corresponding miuut.ia.c of the searching stripe pattern and the filed 

st.ripe pa.ttern, t~hey should converge to zero after coordinate adjust­

ment. if the searching· stripe pa.t.tern matches to the filed stripe pattern. 

Therefore, after selecting t.he candidate pa.irs {Cij(Si : Fi/vi;)} in the 

same way as select~d at 34 making use of adjusted ininutia.e {Si}, coor­

dinate deviations ~tnd direction deviation a.re checked with rnore severe 

threshold values TTS and TDS, a.ud caudidate pairs which does not 

satisfy following conditions are rejected fro1n the candidate pair list 15. 

l~Dfll = IDf'- D;I < TDS, 

j6.XCI = IXiR - ... ~jl < TTS, 

and 

[6J:ifl = p~n - Y;·I < TTS, 

where, (.Xft, l~n) mid Df a.re c:oordim1.tes a11d dirc~ction of thc1 adjusted 

rninuti~'l.El Si. 

This is the omission. 

On th<~ ot.Iwr lian<l, when two minutiae corrC!Spond to each other, 

their d1ild minnt.i~\c too should correspond to each other. · 

FIG. 5 is a pattern cliagnun illustrating _co1·respo11de11ce between 

d1ild rninnt.iae1 wherein <\re list.ed four cRudkla.t.e pa.irs C41 (S4 : Fif v41), 

C42(S1 : F.i/v42), C..m(S'1 : Fri/v45) aud C1t1(S1 : F4/v14 ), iuiunt.iac S1 

t to S6 being adjust.Pd 111i11utiae. Tlw mi11nti~1. S4 is a child .ininntia. of 
( 

the mirmt.ia. Si, that is, uc~arest. miuntia. to the mirmt.ia S 1 iu its first 

qmu.inu1t., nud t.ll<' minut.ie:L F1 is a child minn.t.fo. of th~ rninutia F 1. 

Spposc} li<:r<.' t.lmt. t.lw rninnt.ia S1 is a chilcl minutia of t.lw rninut;i<t.: 
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s~: a.nd t.h«! minu~.ia F.., is a c:hilc.l mim1tia. of the·· 111iu11tin F1, lint the 

minut.ia F4 is not. the child 1ni11nt,ia. of the miunt.ia F1 nor t.lw rniuntia 

Fs. In the case, correspondence value v12 of the candidate pair C42(S.1 : 

F2/v42) is reinforce~} being· added with correspondence valne "14 of the 

cancliclat.e pair C14(S1 : F4/v14), other correspondence va.lues v.11 a.nd 

v-15 being left as they are. This is the reinforcement. 

Fl'om the cnndiclate pair list ~5 thus omitted <l.nd reinforced, a pair 

list is prepared in the sa1ne wa~y as previously describc::d in co1111.ectio11 

with step 55 of FIG. 14 or FIG. 15. 

Then, unpaired minutiae are checked whether it is significant or 

not. by checking if their partner minutiae a.re to be found in. ineffective 

pa.tt.eru area <Jr uot, or if they are one of opposing minut.ia.e or not. 

When partner minutia of an unpaired iuinutia. is to be~ found in an 

ineffective area of obscure image, for example, or the unpaired rninutia 

is one of opposing mi1111tiae, mving· to interruption of ridge line. or noise, 

for exa1nple, it, is oinitted from the effective minn.tiae to be~· verified. 

Aft,er t.lms r<-!vising the correspondence va.lnes, a rrrn.t.d1ing value 

is cakttlci.ted (~it. step 42) by 1wrmalizi11g sum of t.hc cm-rcsriondencc 

vahw:.; of t:lw pafr list. hy umuhc•r of th" dfoc:t.ivc minutia.<'. 

Heret:ofor<~, a.11 exa.rnpfo of the~ detailed inat.chiug is described. 

H<?wever > any n.ppropriate 1ncthod may be applied i-lS t:o the detailed 

rnn.t.ching iu t.he sc:ope of t.he present: invention. The drn.ract:c~rist.ic fea.­

t.nrc of the inv<~ut.icm Hes in t.hat. th<~ mo.~t . .-Lppropria.t<~ rot.al:icm augl<! R , . 
( a.ncl the: rnost ttpp1·opriat.e shifting (:oordhrnf~(~s ( AJY. 1 bi. Y) of t~he rn.iun-

tia.e {S,.} cnu b<' oht~tiuecl for coordi1rn.t.e a<ljnstaucmt of the scarc:hing 

st.rip<~ pat.t.nru S indc~pcncl<~ut ()f a.hsolut<~ coordiua.t.es of t:he searching 

stripe pa(;t.c~rn S sncl1 as <:ore pcisiti<>n c1f a. fiuge.rpdnt <>l' m:ient.;it.iou of • 
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t.'}t·~~ fingertip, as bcforeliaud de~cril><·'<l. 

In t.he followiug pa.ragraplrn, a couc:rd:e exa.rnpk: of t.lw above·~ rough 

rna.t.ching, uamcly t.he coordina.t.c acljnst.ment, is described reforriug to 

FIGs. 6 to 13. 

FIG. 6 is a. pattern diagram illustrating au example of a finger­

print S representing; a searching stripe pattern, and FIG. 7 is a. pattern 

diagram illustrating another example of fingerprint F representing a 

filed stripe pat.tern _whereto matching of the fingerprint. of FIG. 6 is 

verifi<!d. Iu FIGs. G and 7, long arrow S or F iudica.te::s Y-dire<;tiou of 

provisional X-Y plane having its origin at center of concerning image. 

In FIG. 6, minutiae of the searching· fingerprint S are r<..:preseuted 

by symbols m to (§], and each of four m.unel'als at. four cornc~rs of 

e~.1..ch thereof indicat.es the relation of the co11cerning qu~dran{~ of each 

mintttia. When a re.Ia.tion is uncertain, it is expressed by x in pln.cc 

of muncntl. Short arrow starting from each minutia indicates direc­

t.ion of the minnt.ia. For exa.rnple, relatious of t.he first. to t.he fourth 

quadrc:int of the minutia II) are (0, 3, 11 x), re.spCJctively. Rela.tions of 

four qt.tadrm1t.s of the minutia. rn to[[] a.re (1, 0, 1, x) to (0, 1, x, x), 

respectively. 

In FIG. 7, m.iuitt.iac of the. filed fi11gerp1•iut. F are r<:?pl'~!scnted by 

.symbols <D to IQ. Relations and dir~ct.ious arc expressed in thc-l sa.rne 

w<w. Rela.t.ions of frmr qm·tc.lrant.s of t.hc miuut.ia. CD t.o Q a.re (1, 0, 41 

0) t.o (3, 0, x, x), rcspec:t.ively . 
.. 

( 
Corl'nspondmu;e CV<t.lnatiou for list;iug np ca.ndida.t.c pa.in: js per-

(formed as foJlow:-; by t.hc~ pa.iriug C'..xan1im1.tio11 m~H.w·; IG. 

FirRt, direct.ion diffonmc:c lJctwceu two minutia<! of <·'V<:'ry of pos­

sihl~ pairs of a rniunti<\ of t.hr. !';cmrching fiugnrprint S and a rnbmtia • 
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of t.he filecl fi11~1~rprin1·, F i:.; dic:dwcl for sd<id.ing; pair:-; haviuµ; <lin~c­

tiou c.liff<.~reuce whcrC!of ahso]11te value is not more thau a threshold 

value TD (45°, for exa.IT1ple). Theu, diffenmce betwc-::c::n two sets of 

fonr relations of. ea.ch of selected pn,irs is checked. '~heu munber of 

hit q11adra11ts wh0rc difference of two corresponding rela.t.ions is uot. 

·more tha.11 a. thre..shold va.lue TR, 11 for example, is not fewer than a 

t.hresholcl valnc TS, 2, for exmnple, in a selected pair, the selected pair 

is list.ed as ~ cm1dicla.te pair given with a corrcspondenc<~ va.ht<~ v equal 

to the munber of hit quadrants. 

For example, the four relations o.f the minutia (I] of FIG. 6. a.re (0, 

3, 1, x) and those of the minut:ia @ of FIG. 7 are (0, 2, 2, 4). Hence, 

four (ahsolnte) d~fforenccs of relations bet.ween the rninuf;iae become 

(O, 1, 1, ?), giving 3 hit qttadr~ts, ancl so1 the pa.ir of the miuntia.e [I 
and @ is listed iii. . t.he candidate pair list 15 as a ca.ndidate pair (I] : 
®/3). 

Thus, _following 15 candida.te pairs are list.eel betwc~en the searching 

fingerprint. S of FIG. 6 and the filed fingerprint F of FIG. 7: 

for 1ninutici [J: ([I]: ®/3), ([}: ®/2), ([]: (/)/2) 

for minntia ~: ([]]: @/J), ([11: (j)/3), ((11: ®/2), (I]]: @/2) 

ror numttia.@J: <m: ®/3), (Ql: ®/2), (~: {0/2) 

for ininntict rn: (HJ: <SJ/2), @: ({)/2), cm: ®/2),. <III: ®/2) 

for rnhmtia [ID : (I]]: ([)/2) 
.. 

FIG.· .8 is a schema.tic: diagram whc:?r<~iu minutiae in FIG. 6 a.nd 

/ PTG. 7 <t.r<' illm;tra.t.ed iu p~t.ntllel ou. tlu~ same plane. I3et.wecm t.wo 

miuutia(• of C:'ad1 c~u1didate pair liRt.<~<l iu the c:auc.lidat<1 pair list 15, a 

solid line is <lra.w11 :connecting them. 

An1ou.g t.he c:~ndida.te pair~, axial c~mdidate.c; n.rc select.eel. All ca1i~ 
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(litla.te pairs may be 1101ni11a.t.ecl as t.lH' axial c:andic.la.t.e~. I-fowevc~r, it is 

bct.t.cr i11 pract.icc: f'.o rednc.:e the munber of a ... -.:ia.I candidate:; by selecting 

candidate pa.ir.s ha.vi~1g corn~spondence vi:1.lues not, snrn.ller than a. cer­

t.a.hi vnht(~ (3, for example) or selecting; cert.Hin nHmher of a.xia.l pa.irs 

in order of correspondence values. Here, in this exainple, candidate 

pairs having corres},onclence values not smaller than 3 a.re select.eel as 

the axial candidates, that is, {[I]: ®/3), (rn ! @/3), cm: (/)/3) a.nd 

(@]: @/3). 

FIG. 9 is c.1. sd1ematic diagram illustrating processes performed 

at step 35 of FIG. 3, wherein a11 axial candidate ([J : ~/3) is con­

sidered a.nd minutiae of the searching .fi.11gcrpri11t S is rota.ted around 

the minutia m in order to make direction of the mirmtic.1. rn coincide 

t.o direct.ion of the minutia (2). Here, solid li1H!S nre drawn between 

two rniuntiae of the ca11c.lida.te pairs, which sche:matically show level of 

devia.tion conc<mt.ration. 

Iu FIG. 9, there a.re following five candidate pairs which have 

direction difference within t.he thrnshokl vnlue TD ( 45°) a.ud coordinate 

deviation' difference (to the reference devia.tiou between rninut.iu,e [] 
. . 

aud @) wit.bin TT; (IT] : @), (rn: ({)) 1 (tl): @), {@] : {O) aucl (@] : 
CD). 

FIG. 10 is n. schermitic diagram obtained in the s;.nne_ wny with 

FIG. 9 by co11sic.l"ri11g ~mothe::r axial cm1cliclcit.e (rn : @/3). Here, a.11 

c;m1didat.c pafr (GJ : @) has coortlinat<~ devial;ion c.liffc~rcuc<·~ within 

TT, lmt. <lir<!C:tio11 difforcuc<'. t.hcr<}of is a.bont: 90° which is la.rgm· t.lntu 
( 

a:'D = 45°. Thcn~forn, then~ is but 01w cm1dida.t.e pair (~ : @)
1 

t.he 

<l.Xia.l c;audi<hit<~ its<~lf, which sn.tisfics tli<:' conc.lit.iou. 

Iu FIG. 11, still auot.hcr a.xial candidate({!]: (!J/3) i:-; <;cmsidered, 
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··vilrnr,~iu the·! sa.rrw nnmhc~rs of cancli<la.1:<-~ pa.irs wil:h FIG. 9 sat.is(y t.Jw 

conclition. I-IowcVt!l.', the solid liues ttn! more arranged iu F'IG. ll. tha.u 

t.hose of FIG. 9, which should give more intense conccntrat.ion than 

FIG. 9. 

FIG. 12 whieJ1 is ohtn.ined by considering still a.nother a.xial c~m­

dida.te (fKJ : ®) shows little concentration having no ol;her candidate 
. . 

pair satis(ying the condition. 

Thus, the axial canclicla.te (11], ([))is fonnd to give the rnost. appro­

priate rotation angle R. and the most appropriate shifting coo1·dinates 

(~X, LlY) to be applied for adjusting· the ininutiae fIJ to ~ of the 

searching fingerprint S to the filed .fingerprint F. 

FIG. 13 shows the minutiae [I) to ffi] thus H.i:ljusted relatively to 

t.he filed fingcrprin.t F, wherein six pairs will be list;etl in t.he pair list for 

counting the ma.t.d1iug value SC afterwards in the deta.iled ina.tchiug, 

the ininutfa, rn bci~ig overlapped by the minutia (/). 

As heretofor~ descrihed, correspondence between a minutia of a. 

searc.:hing st.ripe pa.ttern and a minnt.ia of t.he filed stripe pa.tt.ern can 

be evalua.t.ed by compfring their distances, directions e>r· r~l~tions to 

t.lwir c~ach iwighboriug minnt.iae. Therefore, nvc;u whm1 either or hoth 

of nbsolut<~ direction and posit.ion, such as orientation of t.he fingertip 

and the core position of the fingerprint, ·cannot be specified,· candidate 

pairs can be listed by selecting possibly corresponding t;wo n1i11utiae 

wit.hont. rH:~·<liug to p_c;t.iumt.e t lrn ~l.bsolnte dir<~ctiou t\.11d t.ltc posit.ion. of 

! t.h<~ sm1.rchiug :-;t.rip<: pat.t.c!rll, iu t.he i11willl.io11. 

Fnrtlwr, th<~ most. appropriat<~ rol".a.f.iou augle mid l:lrn most H.p­

p1·opria.t.c~ shifi:ing coordinates to be applied for adjust;iu~ t.ht! rniuntiae 

of t.h<~ searching st.r~pe pat.t.ern to those of the Iiled stripe patt.eru can • 
. . 
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he! "'o].)t.a.iued m the invention by select.ing a most. appropria.te axia.l 

candidc.1.te giving the most concentrated coordinate deviations as the 

coordim.1.te adjustment reference a.mong the ca.ndidat.e pairs, referring 

to devi~tion distrih:ntions calcula.ted by applying each axial candidate 

as the coordinate adjustment reference. TherefoI'e: the inost appro­

p~iate coordinate adjustment of the searching stripe pattern can be 

performed without. needing any troublesome manual works of the ex­

pert for positioning and directio11i11g the searching stripe pattern. 

Still farther, by beforehand preparing a certain number of data 

sets of rotated coordinates and rotated directions of minutiae of the 

searching stripe pattern, temporary rotated data set can be easily ob­

tained by referring thereto for each a.xia.l candidate applied as -the coor­

dinate nc\iustment reference, whrei1 concentration of the clevia.tion dis­

tribution is checked. Therefore, the rnost appropriate axial candidate 

can he det.ennined with a high speed, in the invention. 

Heretofore, present iuventiou is described in connection with some 

embodir.µe1its. However, the scope of the invention is not lirnited within 

the e1nbodiments. For example, reinforcement of the correspondence 

value described rcfofring to FIG. 5 may be also applied when listing up 

the candidate pail·s at step 33 of FIG. 3 or FIG. 4. Further, the detailed 

m".tc:hing rrmy be pcrforined concerning two or mC>re set.s of adjusted 

mfoutiae in~Lking use of the llwst. <ind next or more a.ppropriat<'! a.xi~"l 

cnurliclat.cs, fClr ohtainiug a higlt<.-sl; matching value SC arno11g'. thc·m1. 

• 
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CLAIMS: 

1. A stripe pat.tern matching system fo1· verifyint; rrmtchinµ; of a 

searchine; stripe pa_ttern to a filed strip<~ pattern of a. plurality of filed 

st.ripe pa.t.terns beforehand registered.; said stripe pattern inatching sys­

tem comprising;: 

a feature extraction meaus ( 11) for extracting features of minutiae 

from the searching stripe pattern; 

a searching stripe pattern feature memory (12) for s.toring the 

features extracted by the feature extraction means ( 11); 

a filed stripe pattern feature m~mory (13) wherein prepared fea­

tures of mirmtiae of the plurality of filed stripe patterns; 

a pairing examination means (16) for evaluating a correspondence 

value between a minutia of the searching stripe pattern stored 

in the searbhing stripe pattern feature memory (12) and a 

minutia. of. the filed stripe pattern prepared in the .filed stripe 

p~t.ttern fo~i.ture memory (13); 

a. c;andidn.te pair list. (15) wherein candicht.tc pairs a.re registered, 

each of sa.id candidate pairs being a pair of a rninut~a of the 

searching stripe pa.t.teru and a minutia of the filed stripe pat­

tern which are decided to he similar wit.b each ot.her hy the 

pairing examina.tion mt-'!aus (16) ev~\.lnat.ing the c01:rcspondcncc 

value between them; 

<t co01;di11at.e i:onvc~rsinu n·u~:.-u1s (17) for cu.lc:nlating rot.a.t<~cl com·· 

diui1.t.cs of .each of minutiae of t:hc searching stripe patl:~!ru by 

rotnt.iug <:obrdim1.t.es of r·rn.id eH.ch e>f rninutiae by a. rot.atiou 

angle desi~i.rn.tc<l ru·om1cl n. cfr~sigmi.t.~d point of <in X- Y plmw 

wherewith the coordhrn.tes of srucl eru:h of minuti<u:.: a.1·e defin~d; • 

I lllllll If llll lllll lllll JI 1111 
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a rof;al;cd stripe pat.tern feal:nrn mernory (14) for sl.orh1g the ro-

tated coordinates of each of minuf;iae of the se~trching stripe 

pattern calculated by the coordinate conversion mec.u1s (17) to 

be accessed. with each value of the rotation a.nv;le; 

a. devia.tion plane memory (18) for accurrmla.tiug t;he correspon­

dence vnlne .of each of the candidate pairs satisfying a. norni­

natiou condition a.t an address thereof indicated by deviation 

coordinates of said each <>f the candidate pairs, the deviation 

coordinatc~s being differences between the rotated :coordinates 

of a minutia of the searching stripe pattern and coordinates of a 

minutia of the filed ~tripe pattern of said each of the candidate 

pairs; and 

a control 1nea.ns (10) for, 

S<~leding axial cnndidat.es a.mong the candidate pairs, 

obt.a.iuing c~onc~ntnl.ted deviation coordinates giving a largest 

a.ccmnnh.it.iou <Jf the corresp<mdcnc<:? va.lne for each of the 

a .. xial candidates by coutrolling the devia,t.ion plane mem­

ory ( 18)_ to ~i.ccnrnulat.c'! the c01-respo11de11ce value of ei:1ch 

of the c;andidate prurs sc1.t.js(yiug t.he nomination condition 

according t.o the deviation co01·c.lhu1.t.('~S obtai1~ed frorn the 

rot.a,t.e .. d c:oordiuatc:s c;akulat.<~d by tlrn c:oordinate convcrsiou 

rr.umus (17) with t.hc·~ rot.n.t.icm a.ngle <::quiva.lcnt t.o a. dir<~c­

. ti cm clifferenc:c• b<:.~l~wc~cu two rnin 11 tiae of sa.id C<t.ch of t.lw 

axbtl c·;mdich\t.<'S, 

finding a most. n.ppropric1.tn axial ca.uclidat.c whid1 gives a max­

irrunn value of t.ho largest accurrmla.t.iou ct.111011g the axi:tl 

ca.udida.t.cs, 
• 

11111111111111 1111111111111111 
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deterrniuing t.he direcl:io1~ difference a.nd r.hc con c:c~nt.rat.ed clevi­

a.t.ion coorc.linat.cs given by t;llc most appropriate a.xia.l c;an­

didn.t.e as <t most a.ppropria.tc rota.(:io11 au~)<; aud rnost ap­

propriate shift:ing coordinates of the searchiup; stripe pat­

tern, respectively, and 

performing a detailed matching of the se<Lrching stripe pat­

tern to the filed stripe pattern making use of the most ap­

propl'iat<'! rotation angle and the most appropriate shifting 

coordinates. 

2. The stripe pattern matching system recited in clain1 1, wherein; 

said control means (10) controls the coordinate conversion means 

(17) to calculate the rotated coordinates each time by desig­

nating the. direction difference of ea.ch of t.he axial candidates 

a.s the rotation angle for obtaining the concentrated deviation 

coordinates. giving the largest accumulation for said. ench of the 

axial c.:a.nc.li<lH.t(:S by WH.y of th<~ deviation phmc inernory (18). 

3 .. The st.ripe pat.ter111natching system recited in dai1n 1, wherein; 

s<-tid control rneans (10) controls the coordinate conversio_u rneans 

(17) to ca.lcnlate a certain numher of data sets of the rotated 

coordinates of each of mhmtiae of the searching stripe pattern 

scqmmtia.lly, each of sa.icl cr.rt.aiu unrnhcr of data sets being 

caknhLt.<'!d with a rotation angle different. by n fixed degree 

wff;h c~ach ·ot.her arouud a fixc<l point; a.ud 

said cout.rnl n~en.ns (10) coul:r<>ls t.lw devia.tiou plmw rn(:~rnory (18), 

for oht.a.inhl;g t.lui coucc-mtrn.t.Pcl d<!viatiou <'oordiuat<~s p;iviug the 

largest. a.<:c:1unu.hLt.icm for e:•adt of t.Irn nxia.J c;audidaJ.e:-;, t.o accn­

umlat.e thH c:on'<!spond<mC'c·! vahw according to th~ dc~via.tion • 
• 
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... coordina.t<~s obt.ainc~d from r.hc rota.t.ed coorc..liual:cs read nut 

from t.he rotated stripe pal;ter11 feature memory ( 14) accessed 

with the rotation angle equivalent to the directiou difference 

of said each of the a.xia.l <;e:\ndiclates. 

4. The stripe pattc;rn rnatd1i11g syst.em recited in da.irn i·, wherein 

the correspondence value between a first minutia and a second minu­

tia. is defined according a number of cases where a relation of the first 

minutia has a differ~nce within a first threshold value to a. correspond­

ing relation of the second 111iuutia: 

the relat.ion of° ~he first. minntia being a number of ridge lines 

between the. first minutia. a.nd one of four child minutiae of 

the first minutia., each of the four child rninutia.e of t.hc first 

minutia being a nearest minutia of the first minutia. in each 

of four quadrants of a first local x-y plane having its origin 

at a position of the first minutia and its y-axis directed to a. 

direct.ion of the first. minntin; and 

the corresponding relation of the second minutia being a nu1nber 

of ridge lines between the second ininutia and a corresponding 

child minutia of the second minutia, the corresponding child 

minutia of the sc~cond n1innt.ia. being a. 11ea.n-~st rninutia. in n. 

correspoudiug qnaclraut of a second local x-y pln.xw luwing its 

origin at. '~position of the secnucl minntict aud its y-a.xis directed 

to a: din~ct.ion of t.he second minutia. 

f 5. The st.ripe pat.tern mat.d1i11g :>ysl:c::rn recil:cd iu d;1.irn: 4, wherein 
~ 

·the correspondeuc:e va.luc hc~twecm t.he first ruinnf~i~i <l.lld t.lw second 

rnirmtia is revis<!cl cnnsideriug corrcspou(fo11cc va.lue~ of the fonr child 

minutiae of the~ ffr:;t minutia, <mch calcnla.t<;d bet.wecm the cnn:esponc.l- • 
• 

11111111111111 11111 11111111111 
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· ·iug child minnt.ia of the S<·~<:_cmd miunt:ia.. 

6. The stripe pat.tern matching system recited in da.irn 1 ~ wherein 

the pairing exarnfoa.tion means ( IG) evaluate the correspondence value 

on condition that; a direction difference between the rn:inutia of t.he 

searching st.ripe pat.tern and t.he minutia of t.he filed st.ripe pattern is 

not more than a second threshold value. 

7. The stripe pattern matching system recited in claim 1, wherein 

the axial candidates are pair~ selected arncm.g the candida.te pa.irs, each 

having the correspondence value not smaller than a third threshold 

·value. 

8. The stripe pattern inatching system recite.cl in claim 1, where.in 

the axial candidat.es are a. certain number of pairs selected an1011g the 

cm1didat.e pairs, e_ach luiving the correspondenc~ vahte not srrmller t,lrn.n 

the cor1·espo11dence value of any of the others of the candidate pairs. 

9. The strjt">e pattern matching systen1 recited in clairn 1, 

wherein: 

the coordinate couv(~rsion mcmus (17) furthc~r calcnla.tes n. rotated 

direction of each of minutiae of the searching stl"ipe pJ1.t.ter11 by 

rota.ting a direction of scud euch of rninutiae hy the rotation 

a.ugle designated; aud 

the 11orni11at.io11 coudit.ion beiug that a difference bet.wc~en the ro­

tated direction of a minntia. of the searching stripe pattern and 

H. <lir<!<:tiou of n. miunt.ia. of t.lu~ filc~<l stripe pu.tt<~rn of sa.id ea.ch of .. 
t.Jw c<.uulicla.t.<~ pairs i:-; not. larger than a fonrt.h t.hrc~sholcl valnc1 

and cad1 <lf difforeuces betwocm the~ devia.tiou coor<lim.1.t.es of 

said each of tha c:auclichi.te pairs and thP- deviat.iou coordinate$ 

of SH.id c~ac;h ·of t.h<:' <.t.):::iH.l canclklates is not larger t.hnn a fifth • . . 
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t.hrnsl10lc.l valne. 

10. The st.ripe pat.t.<~l'll rrrn.t.chillg; syst.em recited in da.irn 1, 

wherein: 

the control means ( 10) perfonns t.he clet,a.iled rm.1.t.ching further 

making use of at least one set of the direction difference a.nd the 

concentrated deviation, each of said a..t least one set concerning 

appropriate each of the axial candidates othe:r than the most 

appropriate axial ca.nclida.te. 
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