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A STRIPE PATTERN MATCHING SYSTEM
BACKGROUND OF THE INVENTION

LB Abstract  : paged 7., : to paged B8§.....
The present invention relates 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 registered 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 disclosed in a Japanese patent published with a specification
No. 12674/°85, wherein end points such as those 2a to 2¢ of ridge lines
la to le and bifucations such as a joining point 3a of ‘two ridge lines
: 1f and 1g 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 in
addition to its X-Y coordinates.

First, direction D; of a minutia, the end point 2a of FIG. 2, for
exampie, is defined as the orientation of the ridge line la starting from
the concerning minutia 2a expressed relatively to horizontal X-axis. In
case of a bifucation, the joining point 3a, for example, its direction
is represented by _thc; orienfation of a \}alley line between joining two
ri;:lge lines 1f and 1g.

Thcn;-‘t.aking-_noticc of each individual minutia, the end point 2a,
for cxample, as a mother minutia, an x-y plane is defined, which has
its oi-igin at the mother minutia 2a and its y-axis in the divection D;
of the mother minutia. In cach of four quadrants determined by the

x-y plane, a minutia nearest to the origin, that is the mother minutia;
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-is assigued to a child minutia in the quadrant, and nurobers of ridge

"

lines hetween the mother minntia 2a and the four child minutiae 2b,

2¢, 3a and 2d are defined as four relations R1 to R4, respectively. In
the example, the relation R1 of the minutia 2a is two, as there are two
ridge lines, 1b and an extension of la, between the two end points 2a
and 2b. In the same way, R2 = 1, R3 = 2 and R4 = 1. When there
is an obscure part between a mother minutia and a child minutia,
concerning rclatigni Ri is represented as Ri = x.

Thus, a stripe pattern is represented by a list of minutiae, in the
proir art.

In another Japanese patent published with a specification No.
21233/788, there is disclosed a stripe pattern matching systern mak-
ing use of the minutia list for verifying matching of a searching stripe
pattern to a filed stripe pattern. .

As for matching of the stripe pattern such as the fingerprint, there
are two ways of verification. One is a way applied for identifying an
unknown searching finger print gathered from a field, by verifying its
matching to one of a plurality of filed fingerpriuts already registered,
such as performed_:for crirninal investipation, and the other is a way
applied for conﬁr;"ning an individual by verifying matching of his fin-
gerprint input together with his ID number to a specific fingerprint
registered accompanied by the ID number, such as applied to gate

control. .~
e

4 FIG. 14 is a fowchart illustrating an example of the foriner way,
and FIG. 15 is that of the lacter way.
In the way of FIG. 14, after an arca pattern and a minutia list of

a searching stripe pattern arc input (at step 47), thosc of a filed stripe’ -
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paltern are input (at step 48). Then (at step 49), correspondence
of cach ininutia registered in the minutia list of the searching stripe
pattern is chiecked to each minutia registered in the minutia list of the
filed stripe pattern by comparing their coordinates, directions and rela-
tions, for listing up pairs of minutiae, whicl are possibly corresponding
to each other, into a candidate pair list as candidate pairs. Here, rnore
than one candidate pair may be listed for one minutia of the searching
stripe pattern. Then, coordinate adjustment values, that is, deviations
of X-Y coordinates and divection between two corresponding minutiae
are calculated for every candidate pair (at step 50) referring to the can-
didate pair list for checking distribution of the deviations. Processes
performed at steps 49 and 50 are called the rough matching 61.

When mg‘mﬁca,nt coordinate adjustment va.lues are found (at t;ep
51) in distribution of the deviations, coordinates of minutiae of the
searching stripe pattern listed in the candidate pair list are adjusted
(at. step 52) according to the significant coordinate adjustment val-
ues. Then (at step 53), each candidate pair is verified and selected
by comparing coordinates and direction of the scarching stripe: pattern
minutia after the coordinate adjustment with those of the filed stripc
pattern. Then, correspondence value of cach candidate pair after the -
selection is revised referring to correspondence between corresponding
child minutiae of the paired minutiae (af step 54), considering the fact
Shat when <1. pair of two motlier minutiac have correspondence, each

¢ four pair of their child minutiae should have correspondence too.

Then (at step .5:5), a pair list of pairs, cach composed of a minutia

S; of the searching stripe pattern and its corresponding minutia Fj, . )

wlhen there is, in the filed stripe pattern, is extracted from the candi-
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date pair list refarring to correspondence value thus revised, as follows.

Among the candidate pairs, a pair having a maximum correspondence
value is sclected and listed in the pair list, and candidate pairs left in
the candidate pair list and having either minutia of the pair listed i
the pair list are rejected as false pairs. Then, a candidate pair having
maximum correspondence value among the candidate pairs left in the
revised candidate pair list is selected and listed in the pair list as a
next pair. By repeating the ahove selection until all candidate pairs
are extracted or rejected from the candidate pair list, the pair list is
prepared, wherein a specific minutia of the searching stripe pattern or
the filed stripe pattern is listed in only one pair in the pair list, and
some minutiae are left unpaired,

Then (at step 56), corréspondence value of each pair is again re-
vised referring to corresponding values between corresponding child
minutiae of the paired minutiae in a similar way with step 54, and
the wnpaired minutiae are checked whether it is significant or not by
checking if their partner minutiae are to be found in ineffective pattern
area or not, or if they are one of opposing minutiae or not. After thus
revising the correspondence values, a matching value is calculated (at
step 57) by normalizing sum of the correspondence values by nnmber
of offoctive minutiae,

When no significant coordinate adjustment value is found at step

- 51, control goes directly to step 57 atfributing the matching value of
,"zem to the concerning filed stripe pattern.
The processes performed frowm step 51 to step 57 are called a de-

tailed matching 62.
Thus repeating the rough matching 61 and the detailed matching* -
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02 from step 48 to 57 for every filed stripe pattern, an ID munber aof a

filed stripe pattern giving a largest matching value is output (at step
58) at the end of the matching verification of FIG. 14. |

In FIG. 15, on the other hand, wherein identification of a searching
stripe pattern is confirmed, an ID nwmber of a specific filed stripe
pattern is input for the first (at step 59). Then, the same procedure
with FIG. 14 from step 47 to step 57 is performed only once for the
filed stripe pattern specified by the ID number. When the matching
value obtained at st.ep 57 is larger than a fixed level, the ID mumber is
confirmed at step 60. '

FIG. 16 is a flowchart illustrating processes performed in a crim-
inal ivestigation for searching a filed stripe pattern having a set of
minutiae {F;} ( = 1, 2, ...) most similar to a set of minutiae {S;}
(=1, 2, ...) of a searching stripc pattern among a plurality of filed
stripe patterns, that is, detailed processes of the way described in con-
nection with FIG. 14,

Initializing Loth of a maxirmum matching value MSC and an ID
number N of a moét matching filed stripe pattern to zero, a set of
minutiae {S;} is extmctcd from a searching stripe pattern S at step
71. Then, a set of minutiae {F;} and an ID mumber n of a filed stripe
pattern are read out at step 72. When there is no filed stripe pattern
to be read out, control goes to step 85, aud otherwise, contral goes to

<

step 73.
Al step 73, cach minutia Fy (il € j) of the filed stripe patbern

4
rd
having coordinates, direction and relations whercof differences are all

within respective threshold values from those of a minutix S; of the

searching stripe pattern is registered in the candidate pair list as a -
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'p'z‘\rtner of the minutia S; of cach of candidate pairs {S; : Fp/vi}
together with t.héir correspondence value vy, which is performed for
each minutia S; of the set of minutiae {S;}.

Thus, followiﬁg candidate pairs are listed in the candidate pair
list. g

S1: Fu/vi, St : Frefvizy

R

Si : Fu/va, Si: Fafva, ...

Sm * Fmi1/Venl, Sm ¢ Fe2/Ven2, « -

Then, a maximwmn concentration M, a most appropriate rotation
angle R and most appropriate shifting coordinates (AX, AY") are ini-
tialized t& zero,

Then, a rotation angle » is initialized to —29.4°, for example, at
step 74 and it is incremented by 1.4° at step 75.

At step 76, X-Y coordinates and direction (X;, Y;, D;) of each
minut.ia:- S; are ratated with the rotation angle » in relation to ori-
gin of the X-Y plane, for example, into rotated values (X!, Y, Df) as
follows: .

X; = Xicosr+Ysiur,

Y" = Yicosr 4 X;sinr,

Df = D;+r.

Theu, ‘calculating deviations (AX;, AY;, AD;) of rotated minu”
,/',tin S¢ from its pnr'tner minutia Fy having coordinates and direction

(X, Yit, Du) as follows:
AXi = ‘Yi - ‘Y“’ e e T

Sheet Has Been Replaced

¥ = YT A




SUERNABRIEEERR

‘This Sheet Has Been Replacec

I

AD; = D; <Dy
correspondence value vy of each candidate pair is accumulated on a dis-
crete AX-AY deviation plane, when direction deviation AD; is within
a threshold value TD.

After all correspondence values {vy} are accumulated on corre-
sponding coordinates of the discrete AX-AY deviation plane, concen-
trated deviation coordinates (AX*, AY”) having a largest accumulation
M’ of the correspondence values {vy} are obtained for the concerning
rotation angle r, and, at step 77, the maximum concentration A, the
most appropriate rotation a.ngle'R and the most appropriate shifting
coordinates (AX, AY) are replaced with the largest accumulation M,
the concerning rotation angle r and the concentrated deviation coor-
dinates (AX', AY”), respectively, when thé largest accumulation M’ is
larger than the maximwmn concentration M. :

Then, at step 78, it is checked whether the rotation angle r is
smaller than 28.0°, for example, and steps 75 to 78 are repeated by
incrementing the 1'ot?,ti011 angle » with 1.4° until it attains to 28.0°.

Thus, the maximum concentration A, the most appropriate rota-
tion angle R and the most appropriate shifting coordinates (AX, AY)
of the searching stripe pattern are obtained for a concerning filed stripe
pattern.

When the maximmun concentration M is found smaller than a

, fixed value at step. 79, matching value SC of the concerning filed stripe
‘ pattern is set to zero (at step 80) considering therc is no significant
correspondence thereto, and the control reburns to step 72 for verifying

correspondence to a next filed stripe pattern.

When the maximum coucentration M is larger than the fixed -
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" value, the control goes to step 81 far performing the detailed matching.

At step 81, coordinates and direction of every of the s¢t of minu-
tiae {S;} are adjt.ls_tcd hy applying the most appropriate rotation angle
R and the most appropriate shifting coordinates (AX, AY) as the ad-
justment valnes into a set of adjusted minutiae {S;}.

At step 82, candidate pairs {5; : Fafvil} are calculated in the
same way as performed at step 73 making use of the set of adjusted
minutiac {S;} instead of the original set of minutiae {S;}. Then at
step 83, a pair list is extracted by rejecting duplicated candidate pairs,
each correspondence value of the listed pair is reinforced 6r omitted,
and a normalized sum of the correspondence values is calculated as the
matching value SC of the searching stripe pattern to the concerning
filed stripe pattern, as described previously in connection with respec-
tive steps 54, 55, 5_6 and 57 of FIG. 14.

When the matching value SC is larger than the maximium ratch-
ing value MSC, the maximum matching value MSC is substituted with
the matching value SC and the ID nwumber n of the coﬁcerning‘ filed
stripe fnattem is assigned to the ID number N of the most matching
filed stripc pattern at step 84.

Then, the control is returned to step 72, for repeating processes
from step 72 to step 84 until there is found uno filed stripe pattern to
be read out.

Fiua.llf.a.t step 85, the maximua matching value MSC thus revised
;is compared with a threshold value. When the maximuw matching
value MSC is larger than the threshold value, the ID number N is
output as the ID number of the wost matching filed stripe pattern,

and otherwise, it is reported that there is found no filed stripe pattern
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matching to the searching stripe pattern S. -

As above described, matching procedure disclosed in the Japanese
patent of the specification No. 21233/°88 is performed on an asswmp-
tion that the set of minutiae {S:} or {F;} of the searching or the filed
fingerprint, when it is the case, is represented by coordinates and direc-
tion relative to the X-Y plane which have origin approximately at the
core of the ﬁngerpﬁnt and Y-axis approximately oriented to the finger-
tip. Based on the assumption, candidate pairs are sought: at step 73 of
FIG. 16, and at steps 74 to 78, coordinates adjustment is performed
referring to correspondence between paired minutiae. Therefore, pair-
ing at step 73 plays an important role, and once minutiae are paired
inadequately 'because of low quality of a partly gathered fingerprint or
Jack of core of a fingerprint in the cases such as a plain arch pattern,
it is very difficult to adjust their coordinates, neceding to reset again
the origin aud the direction, or needing to prepare several different
coordinate planes for the correct matching.

This is a problém of the prior art.

Ina Japanese'p-a,teut application laid open as a Provisional Publi-
cation No. 183380/°90, a personal ID verificatiou system to he applied
to gate control, for example, is disclosed. In the personal ID verification
systermn, an input fingerprivt iinage is processed into binary image data
and directional distributions of ridge lines are extracted and checked

) making nse of mask patterns each having straight stripes ranged in dif-*
¢ ferent direction. Therefore, if the input fingerprint image is taken with
a differeut position or different directiou from those applicd when the

filed fingerprint is registered, the correct matching becomes difficult, |

which is usual in the case of a searching fingerprint gathered from a
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criminal ficld.

There is another seripe pattern matching method disclosed in a
Japanese patent application laid open as a Provisional Publication No.
144982/°84. In this prior art, coincidence of ridge lines between a
searching stripe pattern input througlh an image sensor and a filed
stripe pattern is verified instead of matching of minutiae between the
two stripe patterns. Therefore, correct matching cannot be obtained
also in this prior art, when position or direction of the input search-
ing stripe pattern differs from that of the filed stripe pattern. In this
Provisional Publication, another method similar to the personal ID
verification system of the Provisional Publication No. 183380,°90 is
also proposed, wherein minutiae are extractecl'_ to be verified each time
from the input searching stripe pattern referring to minutiae of the
filed stripe pattern for confirming matching of the two stripe patterns.
However, this method becomes also ineffective when position or direc-
tion of the input sez.u-'ching stripe pattern differs from that of the filed
stripe pattern. .

Furthermore, above two methods are, in practice, impossible to
be applied to a fingerprint matching system used for criminal investi-
gation, whercin filed fingerprints of more than 100 thousand persons
are registered, for cxample. When 12 minutiac are to be checked for a
fingerprint. (jt is said that two fingerprints can be regarded as those ob-
stained from the saune finger when 12 paivs of ininutiae coincide between

¢
the two fiugerprints.), and fingerprints of ten fingers are registercd for
a person, matehing with more than a million filed ﬁngcrprilit.s shonld
be performed. It means that more than 12 x 1,000, 000 minutiae maust

be extracted, which is extremely inefficient in practice.

SR,
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o SUMMARY OF THE INVENTION
Thercfore, a primary object of the present invention is to provide
a stripe pattern matching system to be used for specifying a scarch-
ing stripe pattern such as a fingerprint gathered from a criminal field
among a enormons number of filed stripe patterns with a high speed
and a high precision as well, by enabling to verify minutia correspon-
dence between a searching stripe pattern and a filed stripe pattern
mdependent of position or direction of the searching stripé pattern.
In order to achieve the object, a stripe pattern matching systemn
of the invention, for verifying matching of a searching stripe pattern to
a filed stripe pattern of a plurality of filed stripe patterns beforehand

registered, comprises:

o - ) - . ,
a feature extraction means for extracting features of minutiae from

the searching stripe pattern;

a searching striﬁe pattern feature memory for storing the features
extracted by the fea;t-ure extraction means;

a filed stripe pattern feature memory wherein prepared features
of minutiae of the plurality of filed stripe patterns;

a pairing examination ineans for evaluating a corresp ondence value
between a minntia of the searching stripe pattern stored in the search-
ing stripe pattern featuﬁ: memory and a minutia of the filed stripe
pattern prepared in the filed stripe pattern feature memory;

a candid#t:e pair list wherein candidate pairs are registered, each
p’f said candidate pairs being a pair of a minutia of the searching stripe
pattern and a minutia of the filed stripe pattern which are decided to

L - - 4 . - - - L
be similar with each other by the pairing examination meaus evaluating

the correspondence value betwaen them,;
{This Sheet Has Been Replacec
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’ a coordintate conversion means for calculating votated coordinates

- 12 -

of each of minntiae of the seavching stripe pattern by rotating coordi-
nates of said each of minutiae by a rotation angle designated around
a designated point of an X-Y plane wherewith the coordinates of said
each of minutiae are defined;

arotated stx'if)e pattern feature memory for storing the rotated co-
ordinates of each of minutiae of the searching stripe pattern calculated
by the coordinate conversion means to be accessed with each value of
the rotation angle:;

a deviation plane memory for accumulating the correspondence
value of each of the candidate pairs satisfying a nomination condition at
an address thercof indicated by deviation coordiuates of said cach of the
candidate pairs, the deviation coordinates being differences between
the rotated coordindtes of a minutia of the searching stripe pattern
and coordinates of a minutia of the filed stripe pattern of said each of
the candidate pairs; and

a control means for,

sellractiug axial candidates among the candidate pairs,

obtaining concentrated deviation coordinates giving a largest ac-
cumulation of the éﬁrrcspomlence value for each of the axial candidates
by controlling the deviation plane memory to accwmnulate the corre-
spondence value of each of the candidate pairs satisfying the uomina-
tion COIJ.dif:i-{.)ll according to the deviation coordinates obtained frous

,"t.he rotated coordinates calenlated by the coordinate conversion means
with the rotation angle equivalent to a direction differcnce between two
minutiae of said each of the axial candidates,

finding a most appropriate axial candidate which gives a inaximum *

ARHUSREEE RS BN R ERRNERRRNEENIR RS
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value of the largest accumulation among the axial candidates,

determining the direction difference and the concentrated devia-
tion coordinates given hy the most appropriate axial candidate as a
most. appropriate rotation angle and most appropriate shifting coordi-
‘nates of the searching stripe pattern, respectively, and
performing a detailed matching of the searching stripe pattern to
the filed stripe pattern malking use of the most appropriate rotation
angle and the most appropriate shifting coordinates. |
Therefore, even when either or both of absolute direction and po-
sition, such as orientation of the fingertip and the core position of the
fingerprint, cannot be speczﬁed candidate pairs can be listed by select-
ing possibly corresponding two minutiae without needing to estimate
the direction and the position of the searching stripe pattern, and the
most appropriate coordinate adjustment of the searching stripe pat-
tern can be performed without needing any troublesome manual works
of the expert for correctly positioning and directioning the searching
stripe. pattern.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing, further objects, features, and advantages of this
invention will hecome apparent from a consideration nf the follow-
ing description, the appended claims, and the accompanying drawings

wherein the same numerals indicate the same or the corresponding

parts. <

d In the drawings:
IFIG. 1 is a block diagram illustrating a stripe pattern mnatching
system according to an embodiment of the invention; .

FIG. 2 is a pattern diagram illustrating minutiae of a fingerprint
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pattern by way of example of the stripe paftern;
FIG. 3 is a flowchart illustrating operation of the stripe pattern
matching system of FIG. 1;
FIG. 4 is a flowchart illustrating another operational processes of
the matching system of FIG. 1 wherein certain nurnbers of rotated
minutia sets are beforehand prepared;

FIG. 5 is a pattern diagram illustrating correspondence between

child minutiae;

FIG. 6 is a pattern diagram illustrating an exarnple of a searching
stripe patfern; '

FIG. 7.is a pattern diagram illustrating an example of a filed stripe
pattern whrcret.o matching of the scarching stripe pattern of FIG. 6 is

-

verified;
FIG. 8 is a scliematic diagram wherein minutiae in FIG. 6 and
FIG. 7 are illustrated in parallel on the same plaue;
FIGs. 9 to 12 are schematic diagrams each illustrating processes
performed at step 35 of FIG. 3;
FIG. 13 shows the minutiae of FIG. 6 adjusted 1e1¢(1vc to the
minutiae of FIG..7 concerning a most appropriate axial candidate (@
- @)
FIG. 14 is a flowchart illustrating an example of pri(;{' processes of
the matcliing verification of the stripe pattern applied for identifying
¢ an nuknown scarching finger print gathered from a field hy verifying its*
matching to one of a plurality of filed fingerpriuts already registered;
FIG. 15 is a flowchart illustrating :mother example of prior pro-
cesses of the matching verification of the stripe pattern applied for

confirming an individual by verifying matching of his fingerprint in-
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put together with his ID number to a specific fingerprint registered .
accompanied by the ID number; and _

FIG. 16 is a flowchart illustrating detailed processes of the match-
ing verification described in connection with FIG. 14.

DETAILED DESCRIPTION OF THE PREFERRED.
EMBODIMENTS

Now, embodiments of the present invention will be described in
connection with the drawings.

At the beginning of the detailed description, minutiae and their
features (data) representing a stripe pattern arc defined. The end point
such as 2a to 2e of FIG. 2 and the bifucation such as 3a are called
minutiae and a minutia and a set of minutiae of a searching stripe
pattern are expre;ss,ed by S; and {S;} (: = 1, 2, ..., I), respectively,
while those of a filed st".ripe pattern are represented by F; and {F;} (j =
1, 2,..., J). Coar&inahes and direction of a minutia of the searching
stripe pattern zu'(;' expressed as (X;,Y:) and D, respectively. A child
minutia and its coordinates of a minutia S; of the searching stripe
pattern are expressed as Si and (X, Yi) (K =1, 2, 3, 4) respectively,
and relation between a minutia S; and its child minntia S;z by R In
the same way, coordinates, direction, child minutia, coordinates of the
child minutia and relation between the child minutia of & minutia F;
of a filed stripe pattern are expressed as (X;,Y)), D;, Fi, (G, Yie)
and Ry, respectively.

FIG. 1 is a black diagram illustrating a stripe pattern watching
system according to an embodiment of the iuvention, cownprising:

a feature extraction weans 11 for extracting features of mimitiae

{S: : (X:,Y3), Dy, {Sit}} from image data of a searching stripe pattorn® -
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Stipplic:d from an inpnt device such as a scanner;

a searching stripe pattern feature memory 12 for storing the fea-
tures extracted hy the feature extraction means 11 to be read out at
any time;

a filed stripe pattern feature memory 13 wherein prepared the
features of minutia_e {F; : (X;,Y;), Dj, {Fje}} of a plurality of filed
stripe patterns to. be read out at any time;

a coordinate conversion means 17 for generating coordinates and
direction of each of a rotated minutia set by rota(;iné; coordinates
(X;,Y;) and direction D; of each of. the set of minutiae {S;} of the
searching stripe pattern by a designated angle around a designated
point (origin, for example) of the X-Y plane; '

a rotated st.ripé pattern feature memory 14 for storing the features
generated by the coordinate conversion means 17 to be read out at any
time;

a pairing examination means 16 for evaluating correspondence
value vy (which tﬁll be described afterwards) between a minutia S;
of a searching stripe pattern stored in the searching stripe pat.térn fea-
tnre mernory 12 ;m.d a mimtia F; of a filed stripe pattern ixrcpu.rcd in
the filed stripe pattern feature memory 13, and listing up a candidate
pair Ci5(S; : Fj/vi;) when the correspondence value v;; between the
minutiae §; and Fy is larger than a threshold value;

a candidate pair list 15 wherein the candidate pair listed up by
_piue pairing cxanination means 10 is registered;

a deviation plane memory 18 for accnmulating the correspondence
value vi; of cach of the candidate pairs {Cy(Si : Fj/vi;)} satisfying a

certain condition at an address thereof indicated by deviation coordi-

ve
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coordinates of a minutia of the searching stripe pattern and coordi-’
nates of a minutia of the filed stripe pattern of the concerning each of
the candidate pairs (which will be described after wards); and

a control means 10 for controlling the feature extraction means 11,

_the searching stripe feature memory 12, the filed stripe pattern feature
memory 13, the rotated stripe pattern feature memory 14, the can-
didate pair list 15, the pairing examination means 16, the coordinate
conversion means 17 and the deviation plane memory 18.

When a rotation angle ¢ around a point (a,b) on the X-Y plane
are designated, the coordinate conversion means 17 converts coordi-
nates (X, ¥;) and direction D; of a minutia S; into rotated coordinates

" (X7, YY) and rotated direction Df as follows:
X = (X;~a) cos(D; — ¢} + (Y; — &) sin(D; — ¢)
Y = (Y= b)cos(D; - c) — (X; - a) sin(D; — )

Df = D; -

The coordinate conversion means 17 may also generate a certain
number {40, for example) of ratated minutia sets sec.;uent,iaily by ro-
tating coordinates of the set of minutia {S;} certain times (20 times
forward and 20 times backward, for example) hy a fixed degree (1.4°,
for example).

Now, operation of the stripe pattern matching system of FIG. 1
is described referring to a flowchart of FIG. 3, wherein the votated

¢ minutia set is destribed to be caleulated each time, for convenience of
the comparison wi'(i.h the prior art described in counection with FIG.

1G. .
After initializing a maximum matching vatue MSC ausl an ID nurn-
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her N of a most matching filed stripe pattern to zero, a set of minutiac
{S:} is extracted by the feature extraction means 11 from a scarchiug
stripe pattern S at step 31 and sr.orf-:ri in the searching stripc feature
memory 12. The searching stripe pattern S may be obtained directly
through an image input device such as a scanner or may be transmitted
'by way of electronic data from a remote terrinal through a network.

Then at step 32, a set of J minutiae {F;} (j=1,2,..., J)of a
filed stripe pattern F and its ID number = are read out from the filed
stripe pattern feature memory 13. |

Then at step 33, every pair of a minutia S; and a minutia F;
giving the correspo.gidence value v;; not smaller than the threshold
valne is listed in the candidate pair list 15 as a candidate pair Cy(S;
: Fj/vi;) when direction difference between the two minuntiae is within
a designated value, £28.0°, for example, regardless of their positions.
The restriction of the direction difference is provided here for compar-
ing to the procedure of FIG. 16. However, the restriction may not be
providcd without any inconvenience.

At step 33, the correspondence value v;; is e\/i\.ltlatecl:a\s follows by
the pairing examination means 16.

Among threshold values TT, TD, TR and TS prepared in the
pairing examination Imeans 16, TD, TR and TS are cousidered here at
step 33. For each minutia §; : (X, Y7), Di, {Fu}, {Rae} (k=1 to 4)
of the scardhing stripe pattern S, J minutiae {F; : (X;,Y), D;, {Fi},

¢
¢ {Rje} (k=1 to 4)} are input one by one. When absolute direction

difference {D; — Dj| between the minutia S; and a minutia I is not

i Nesne;zsszzmms}‘ﬁssﬁ% si&ﬁiimixw ﬂ;*s. bl

more than TD (28.0°, in the example), relation differences {|Rie— Ryef} .

(k =1 to 4) are checked between thern, and when a number SPC of the'

B L N AR At At
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relation dilfercices whicl is not simaller than TR is not sinaller than TS,
the pair of the minutiae S; and F; is registered in the candidate pair list
15 as a candidate pair C;(S; : F;/v;;) substituting the correspondence
value v;; with the nnmber SPC.

Then at step 34, a certain number of candidate pairs {Cyn(Sm :
F, /Vma)} having correspondence values not smaller than those of other
candidate pairs are selected as the axial candidates among wlhole set
of candidate pairs {C;;(S; : Fj/vy)}.

A maximum concentration M, a most appropriate rotation an-
gle R and most a.pi;ropriate shifting coordinates (A X, AY) are also

initialized to zero, hiere at step 34.

Then at step 35, the coordinate conversiou means 17 converts
coordinates (X;, ;) of minutiae {S;} listed in the candidate pair list
15 around a point (X, y) with a rotation angle r, substituting the
coordinates (x, y) and the rotation angle r with coordinates (X,,,Y;,)
of minutia S, and direction difference between mimutiae of each of
the axial camdidates {Cmn(Sm. : Fu/vmn)}, onc by one, as prcviously
lescrlbod, and correspondence value vi; of each candidate pair Cy(S;
: Fj/vy;) is plotted and accumulated on a deviation planc for each
rotation angle r, as fcéllows.

When a concerning axial candidate Cpn(Sw @ Fr/Ve) Thas a di-
rection difference r, reference deviations (AX,,,, AY,m) bétween the
minutia S, of the searching stripe pattern and the correspondiug minu-
t.m F, of the filed stripe pattern are defined as A Nowe = X — X, and
AYpw = You — Yo

Then rotated coordinates (X7, ¥;") and rotated direction D! of

minutia S; of every of the candidate pairs {Cy(S; : Fj/vy;)} ave com-
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pared with coordinates (Xj, ¥;) and direction Dj of its corresponding
minutia F;.
When direction deviation AD]; and differences of coordinate devi-

ations (AXY, AY)]) to the reference deviations (AXpun, AY ) satisfy

!J’
following conditions,

|AD| =D}~ Dj| <TD, . ,

‘AIY:_;' - AaX‘mﬂ' = l(X, - X; ) (Am ru)] <TT,
and

IAY,: - AYnm' = KY, - Y) - (Kn - Yn), < 1T,
correspondence vahie v;; of each of the candidate pairs {Cy(S; :
Fj/vi;)} is plotted and accumulated on each grid designated by co-
ordinates (AX,”J, AY:) on a AX-AY discrete deviation plane.

This means that the correspondence values {v;;} are plotted and
accumnlated for candidate pairs wherein segments connecting between
rotated minutia S} of the scarching stripe pattern and its partner minu-
tia F; is quasi parallel to that of a concerning axial candidate.

After every candidate pair is checked for a concerning axial candi-
date, concentrated deviation coordinates (AX', AYY) hawiﬁg a largest
accuunulation M’ of the correspondence values among grids of the dis-
crete deviation plane ar¢ examined at step 36, and when the largest
accumulation M’ is larger than the maximun concentmtion M, the
maxirmium concentration M, the most uppropriate rotation angle R
and the most appmpuah shifting coordinates (AX, AY) are substi-

Jinted with the laxgest. accunmlation M, the concentrated deviation
f coordinates (AX', AY”) and the direction differcuce » of the concern-
ing axial candidate. '

Thus repeating steps 35 and 36 wntil all the axial candidates are |
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considered (checked at step 37), the maxiraum toncentration M, the
most appropriatc rotation angle R and the wmost appropriate shifting
coordinates (AX, AY) of the scarching stripe pattern S are obtained
for a filed stripe pattern F.

Here, it is to be noted that the candidate pairs, and consequently,
the axial candidates are selected according to correspondence value
based on the relations defined relatively to each minutia direction, re-
gardless of minutia,: coordinates, in the embodiment. Theu, the most
appropriate rotation szngle,R and the most appropriate shifting cooxdi-
nates (AX, AY) of the searching stripe pattern S are determined rela-
tively to minutia coordinates and direction difference of an appropriate
axial candidate. Therefore, the most appropriate rotation angle R and
the most. appropriate shifting coordinates (AX, AY') of the minutiae
{S:} of the searching stripe pattern S can be obtained independent of
absolute coordinates or orientation of the searching stripe pattern S.

‘This is the difference and merit of the invention compared to the
prior art of FIG. 16.

When the maximum concentration M is found smaller than a
fixed value af step 3:8, matching value SC of the concerning filed stripe
pattern is set to 610 (at step 39) considering there is no significant
correspon&:ncc thereto, and the control retwrns to step 32 for verifying
correspondence to a next filed stripe pattern.

¢ When the maximum concentration M is larger thau the fixed

/ . . .
value, the control goes to step 40 for performing the detailed matching,

which may be the same with the prior art of FIG. 16.
At step 40, coordinates and direction of every of the set. of winutiae

{S:} are adjuste by applying the the wmost appropriate rotation angle
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justment values into a set of adjusted minutiae {S;} by the coordinate
conversion means 17.

At step 41, candidate pairs {C;;(5; : Fj/viy)} are selected making
use of the set of adjusted minutiae {S;} instead of the original set of
minntiae {S;}.

Then at step 42, a pair list is extracted by rejecting duplicated
candidate pairs, cach correspondence value of the listed pair is rein-
forced or omitt:ed,' and a normalized sum of the correspondence values
is calculated as the matching value SC of the searching stripe pattern
to the concerning filed stripe pattern, whereof details will be described
afterwards. | |

When the matchil.lg value SC is larger than the maximum match-
ing value MSC, the maximum matching value MSC is replaced with

. the matching value SC and the ID number n of the concerning filed
stripe pattern is assigned to the ID number N of the most matching
filed stripe pattern at step 43.

Tl;en, the control is returned to step 32, for repeating processes
from step 32 to step 43 until there is found no filed stripe pattoru to
perform matching therewith.

Finally at step 44, the maximoum matching value MSC thus revised
is c,ompa.red with a threshold value. When the maximum matching
value MSC-is larger than the threshold value, the ID number N is
ontput as the ID nunber of the most matching filed stripe pattern,
and otherwise, it is reported that there is found no matching filed
stripe patlern.

In the above pracedure, the rotated minutia set {S'} is calcwdated. -
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at-step 35 by the coordinate conversion means 17 each time for each ax-

ial candidate by applying direction difference » of the axial candidate,
in connection with cach filed stripe pattern.

However, when there are a lot of filed stripe patterns, an enor-
mous calculation becomes necessary. For eliminating this problem, the
coordinate conversion means 17 may prepare a certain number of ro-
tated minutia sets-s_gaquentially by rotating coordinates of the set of
minutia {S;} certain times by a fixed degree, when a minutia set {S;}
s extracted from a searching stripe pattern by the feature extraction
means 11. | '

FIG. 4 is a flowchart illustrating operational processes of the
matching system of FIG. 1' wherein the certain mumbers of rotated
minutia sets are beforehand;prepared.

A set of minutiae {S;} is extracted by the feature cxtraction means
11 from a searching stripe pattern S at step 31 and stored in the search-
ing stripe feature memory 12, in the same way with FIG.

Then at step 45, a certain number (40, for example) of rotated
minutia sets arc ca.l.c_ulat.ecl by the coordinate conversion means 17 se-
quentially by rotating coordinates of the set of miuntia {S;} certain
times (20 times for'wa.rd and 20 times backward, for exmﬁple) by a
fixed degree (1.4°, for example) aronnd origin (for example) of the X-
Y plane, which are stored in the rotated stripe pattern feature inemory
14. .
¢ Then axial candidates {Coun(Si © Fufvin)} are selected in the
game way with FIG. 3 at steps 32 to 34.

At step 46, reference deviations (AX,,, AY] ) are defined as fol-

lows for an axial candidate Cuun(Sy @ Fu/Va) having a direction dif- .
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AXT =X — X,

mne

Il

|

and

AL, = Vi =Y,
where (X}, Y1) are rotated coordinates of the minutia S,, of the axial
candidate read out from the rotated stripe pattern feature memory
14 accessed with the direction difference r, instead of the reference
deviations AX,,, = A — Xn and AYp, = Y — Y, used at step 35 of
FIG. 3.

Then rotated coordinates (X7,Y;") and rotated direction D! of
minutia S; of every of the candidate pairs {Cij(S; : Fj/fvij)} read out
from the rotated stripe pattern feature memory 14 are compared with
coordinates (X;,Y;) and direction D; of its corresponding minutia F;.

When direction:deviation AD}; and differences of coordinate devi-
ations (AXJ[, AY}) to the reference deviations (AX], ,AY,) satisty
following conditions,

AD| = |D; - Dyl < TD,

JAX ~ AXG| = |(X] - X;) = (X}, - X.)] < TT,
and

AYS - AY = (% - ¥) - (¥ - )| S TT,
correspondence value vj; of cach of the candidate pairs {Cy(S;

F;/vi;)} is plotted and aconrnulated on each grid designated by co-

i

ordinates (AXE, AY; :1) on the AX-AY discrete deviation plane, in a
s

fsimilar way with the processes perforred at step 39 of FIG. 3.

Then, the sane: processes 36 to 43 with FIG. 3 follow and dupli-

cated description is omitied. .

Now, details of the detailed matching will be described.
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~ At step 41, reinforcement and omission of the correspondence

value of candidate pairs are performed as follows.

As for coordinate deviations and direction deviation hetween two
corresponding minutiac of the searching stripe pattern and the filed
stripe pattern, they should converge to zero after coordinate adjust-

ment if the searching stripe pattern matches to the filed stripe pattern.

Therefore, after selecting the candidate pairs {C;;(S; : F;/vi;)} in the

same way as selectfed at 3¢ making use of adjusted minutiae {5;}, coor-
dinate deviations and direction deviation are checked witl more severe
threshold values TTS and TDS, aud candidate pairs which does not
satisfy following conditions are rejected from the candidate pair list 15.

(AD§| = |Df* — D;| < TDS, |

|aXf = |XF - X;| <TTS, .
and

[AYf| = [Y* - Y| < TTS,
where, (X7, Y;*) and Df are coordinates and direction of the adjusted
minutiae S;. |

This is the omission.

On the other 1;2111(1, when two minutiae correspond to each other,
their child minut.i%k: too shiould correspond to each other.

FIG. 5 is a pattern diagrain illustrating correspondence hetween
cilild rninutiae, wherein are listed four candidate pairs Cq1(Sq : Fi/va1),
Cas(S4 : Fy/vaa), Cu5(Sq : Fs/vas) and Ci14(Sy : Fq/viq), minutine 5,
to Sg being adjusted niinutine. The minutia 84 is a child minutia of
the minutia S|, that is, nearest miuutia to the minutia Sy in its first

quadrant, and the minutia Iy is a child minutia of the minutia Fy.

Sppose here that the minntia S; is a child minutia of the raitia,

SEENNAGLY

Y
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§4, and the minukia Fy is a child mimtia of the mumiia Fy, but the
minutia Fy is not the child minutia of the minutia I7y nor the minutia
Fs. In the case, correspondence value vq; of the candidate pair Ce(S4
Fofvae) is 1'einforceﬂ being added with correspondence value vyq of the
candidate pair Ci4(S; : Fyq/vi4), other correspondence values vq) and
V45 being left as they are. This is the reinforcement.

From the candidate pair list 15 thus omitted and reinforced, a pair
list is prepared in the same way as previously described in connection
with step 55 of FIG. 14 or FIG. 15.

Then, unpaired minutiac are checked whether it is significant or
not by checking if their partner minutiae are to be found in ineffective
pattern area or not, or if they are one of opposing minutiac or not.
When partner mir.u.ltia of an unpaired minutia is to be found 1 an
ineffective area of obscure irnage, for example, or the unpaired minutia
is one of opposing m;nut.iae, owing to interruption of ridge line or noise,
for example, it is (;inittetl from the effective minutiae to be verified.

After thus revising the correspondence values, a matching value
is calenlated (at step 42) by normalizing sum of the correspondence
values of the pair list by unmber of the effective minutiac,

Heretofore, an example of the detailed mnatching is described.
However, any appropriate method may be applied as to the detailed
matching in the scope of the present invention. The characteristic fea-
turc of the invention lies in that the most appropriate rotation avgle R

: and the most apprdpriat.e shifting coordinates (AX, AY) of the minu-
tine {S;} can be obtaied for coordinate adjustment of the scarching

stripe patteru S independent of absolute coordinates of the searching

stripe pattern S such as core position of a fingerprint or ovientation of °
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the fingertip, as heforehand described.

In the following paragraphs, a concrete example of the above rough
matching, narnely the coordinate adjustment, is described referring to
FIGs. 6 to 13. ‘

FIG. 6 is a pattern diagram illustrating an 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 pattern _Iwheret.o matching of the fingerprint of FIG. 6 is
verified. In FIGs. 6 and 7, long arrow S or F indicates Y-direction of
provisional X-Y plane having its origin at center of concerning image.

In FIG. 6, minutiae of the searching fingerprint S are r¢presented
by symbols to [8], and each of four numerals at four corners of
each thereof indicates the relation of the concerning quadrant of each
mmutm When a relation is uncertain, it is expressed by x in place
of numeral. Short arrow starting from each minutia indicates direc-
tion of the minntia. For example, relations of the first to the fourth
quadrant of the minutia [1] are (0, 3, 1, x), respoctively. Relations of
four quadrants of the minutia [2] to [8] are (1, 0, 1, x) to (0, 1, x, x),
respectively. :

In FIG. 7, n'xiu.ilt.iax: of the filed Angerpriut F are représcnted by
symbols @ to Q. Relations and directions arc expressed in the same
way. Relations of four quadrants of the minutia @ to @ are (1, 0, 4,
0) to (3, 0, %, x), respectively.

Currcsy;;mc.lcnce evaluation for listing np candidate pairs is per-
formied as follows by the pairiug examination means 16.

First, direction difference hetween two minutiac of every of pos-

sible pairs of a minutia of the searchivg fingerprint S and a minutia

ced
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of the filed fingerprint F is checked for selecting pairs having direc-
tion difference whercof absolute value is not more than a threshold
value TD (45°, fb}' example). Then, difference between two sets of
four relations of each of selected pairs is checked. When number of

hit quadrants where difference of two corresponding relations is uot

-more than a threshold value TR, 1, for example, is not fewer than a

threshold value TS, 2, for example, in a selected pair, the selected pair
is listed as a candidate pair given with a correspondence value v equal
to the number of hit quadrants.

For example, the four relations of the minutia {1] of FIG. 6 are (0,
3, 1, x) and those of the minuf:.ia, @ of FIG. 7 are (0, 2, 2, 4). Hence,
four (absolute) diffcrences of relations between the minufiae become
(0, 1, 1, ?), giving 3 hit .quadi'z;.nt.s, and so, the pair of the minutiae
and @ is listed in the candidate pair list 15 as a candidate pair (1]:
@/3). .

Thus, ‘followihg 15 candidate pairs are listed between the searching
fingerprint S of FIG. 6 and the filed fingerprint F of FIG. 7
for minur.ia: ): ®/3), (1]: ®/2), (1: ®/2)
for minntia [2]: (2]: @/3), (2]: ®/3), (2): ®/2), (2]: @®/2)
for minntia [3]: ((3]: ®/3), (3]: @/2), (3]: ®/2)
for minntia [4]: ([4]: ®@/2), (4: @/2), (@: ©/2).. (4]: @/2)
for minutia [8]): ([8]: @/2)

FIG- -8 is a schematic diagrain wherein minutiac in FIG. 6 and
FIG. 7 are illustrated in parallel on the same plane. Between two
minutiac of each candidate pair listed in the candidate pair list 15, a
solid Jine is drawn connecting them.

Aroong the candidate pairs, axial candidates arc selected. All can:
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better in practice to rednce the munber of axial candidates by selecting
candidate pairs having correspondence values not smaller than a cer-
tain value (3, for example) or selecting certain number of axial pairs
in order of correspondence values. Here, in this example, candidate

pairs having correspondence values not smaller than 3 are selected as

the axial candidates, that is, ({1]: @/3), (2]: @/3), (2]: @/3) and
3]: 9/3). |

FIG. 9 is a schematic diagram illustrating processes performed
at step 35 of FIG. 3, wherein an axial candidate (1] : ®/3) is con-
sidered and minutiae of the searching fingerprint S is rotated around
the minutia [1] in order to make direction of the minutia (1 coincide
to direction of the minutia @. Here, solid lines ave drawn befween
two minutiae of the candidate pairs, which schematically show level of
deviation concentration.

In FIG. 9, there are following five candidate pairs which have
direction differcnce within the threshold value TD (45°) and coordinate

deviation differcnce (to the reference deviation between minutiae
and @) within TT; ({1]: @), (Z]: @), (3]: @), (4]: @) and ((6]:
D).

FIG. 10 is a schematic diagram obtained in the same way with
FIG. 9 by considering another axial candidate (2] : ®/3).. Here, an
candidate pajr (4] : @) has coordinate deviation differeuce within
TT, but direction difference thereof is about 90° which is larger than
?fD = 45°. Therefore, there is but one candidate pair (2] : @), the
axial candidate itself, which satisfies the condition.

Iu FIG. 11, still auother axial candidate ({2]: @/3) is considered,

v nnhhnGG
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‘wherein the same numbers of candidate pairs with FIG. 9 satisfy the

condition. However, the solid hnes are more arranged in FIG. 1) than
those of FIG. 9, _Whlch should give more intense concentration than
FIG. 9. |

FIG. 12 which is obtained by considering still another axial can-
didate (3] : ®) shows little concentration having no other candidate
pair satisfying the condition. |

Thus, the axial candidate (2], @) is found to give the most appro-
priate rotation angle R and the most appropriate shifting coordinates
(AX,AY) to be applied for adjusting the minutiae to of the
searching fingerprint S to the filed fingerprint F.

FIG. 13 shows the minutiae [1] to [8] thus adjusted relatively to
the filed fingerprint F, wherein six pairs will be listed in the pair list for
counting the matching value SC afterwards in the detailéd matching,
the minutia bcih_g overlapped by the minutia @.

As lheretofore described, correspondence between a minutia of a
searching stripe pz;.ttern and a minutia of the filed stripe I.m.tt,ern can
be evaluated by compz'}ring their distauces, directions or relations to
their cach neighboring minutiac. Therefore, even when cither or both
of absolute direction and position, such as orientation of the fingertip
and the core position of the fingerprint, cannot be specified, candidate
pairs can be listed by selecting possibly corresponding two minutiae
without needing to estitate the absolute divection and the position of

the scarching stripe pattern, in the invention.

"=

Further, the most appropriate rotation angle and the most ap-
prapriate shifting coordinates to be applied for adjusting the minutiae

of the searching stripe pattern to those of the filed stripe pattern can »
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be obtained in the invention by selecting a most appropriate axial

candidate giving the most concentrated coordinate deviations as the
coordinate adjustment reference among the candidate pairs, referring
to deviation distributions calculated by applying each axial candidate
as the coordinate adjustment reference. Therefore, the most appro-
priate coordinafte adjustment of the searcliing stripe pattern can be
performed without needing any troublesome manual works of the ex-
pert for positioning.a.nd directioning the searching stripe pattern.

Still further, 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 axial candidate applied as the coor-
dinate adjustment reference, when concentration of the deviation dis-
tribution is checked. Therefore, the most appropriate axial candidate
can be determined with a high speed, in the invention.

Heretofore, present invention is described in connection with some
embodirnents. However, the scope of the invention is not lirnited within
the embodiments. For example, reinforcement of the correspondence
value described rcfefring to FIG. 5 may be also applied when listing up
the candidate pairs at step 33 of FIG. 3 or FIG. 4. Further, the detailed
matching may be performed concerning two or more sets of adjusted
minutiae making use of the most and next or more appropriate axial
candidates, for obtaining a highest matching value SC among them.

4
4
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CLAIMS ) : . _

1. A stripe pattern matching systern for verifying matching of a

searching stripe paxﬁtez'll to a filed stripe pattern of a plurality of filed
stripe patterns beforehand registered; said stripe pattern matching sys-
tem comprising:
a feature exfraction means (11) for extracting features of minutiae
from fhe searching stripe pattern;
a searching stripe pattern feature memory (12) for storing the
features extracted by the feature extraction means (11);
a filed stripe pattern feature memory (13) wherein prepared fea-
tures of minutiae of the plurality of filed stripe patterns;
a pamng> examination means (16) for eva.lua,tmg a correspondence
value between a minutia of the searching stripe pattern stored
in the searching stripe pattern feature memory (12) and a
minutia of the filed stripe pattern prepared in the filed stripe
pattern feature memory (13); ,
a candidate pair list (15) wherein candidate pairs are registered,
"each of said candidate pairs being a pair of a minutia of the
searching stripe pattern and a minutia of the filed stripe pat-
tern which are decided to be similar with cach other by the
pairing examination means (16) evalnating the correspondence -
value between them;
a coordinate conversion means (17) for calculating rotated coor-
4 dinates of cach of rinutiac of the scarching stripe patiern by
rotating coordinates of said each of minutiae by a rotation
angle designated around a designated point of an X-Y planc

wherewith the coordinates of said each of minutiae are defined; _

A



ARG NN IR B iR

Sheet Has Been Rep

* R

a rotated stripe pattern featnre memory (14) for storing the ro-

- e

tated coordinates of each of minutiae of the scarching stripe
pattern calculated by the coordinate conversion means (17) to
be accessed with cach value of the rotation angle;

a deviation planc memory (18) for accwmulating the correspon-
dence value of each of the candidate pairs satisfying a norni-
nation condition at an address thereof indicated by deviation
coordinates of said each of the candidate pairs, the deviation
coordinates being differences between the rotated coordinates
of a minutia of the searching stripe pattern and coordinates of a

minutia of the filed stripe pattern of said each of the candidate

pairs; and
‘ a control means (10) for,
selecting axial candidates among the candidate pairs,
obfaining concentrated deviation coordinates giving a largest
accumulation of the correspondence valne for each of the
axial candidates by controlling the deviation plane mem-
ory ( 18)_. to accumnulate the correspondence value of each
of the candidate pairs satisfying the nomination condition
according to the deviation coordinates obtained from the
rotated coordinates calculated by the coordinate conversion
means (17) with the rotation angle equivalent to a dirce-
.. tion difference between two minutiae of said cach of the
4 axial candidates,
finding a most appropriate axial candidate which gives a max-
irmun value of the largest accurnulation awong the axial

candidates, . ]
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determining the direction difference and the concentrated devi-

ation coordinates given by the most appropriate axial can-
didate as a most appropriate rotation angle and most ap-
propriéte shifting coordinates of the searching stripe pat-
tern, respectively, and
performing a detailed matching of the searching stripe pat-
tern to the filed stripe pattern making use of the most ap-
propriate rotation angle and the rnost appropriate shifting
coordinates.
2. The stripe pattern matching system recited in claim 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 each of the axial candidates
as the rotation angle for obtaining the concentrated deviation
coordinatés giving the largest accumulation for said each of the
axial candidates by way of the deviation plane mernory (18).
3..The stripe pattern matching system recited in claim 1, wherein;
said control means (10) controls the coordinate conversion means
(17) to caleulate a certain number of data sets of the rotated
coordinates of cach of minutiae of the scarching stripe pattern
sequentially, each of said certain nmunber of data sets being
calculated with a rotation angle different by a fixed degree
with each other around a fixed poiut; and
! saicl control means (10) controls the deviation plane memory (18),
for obtaining the concentrated deviation coordinates giving the
largest acermdation for each of the axial candidates, to acen-

nulate the correspondence value according to the deviation. _
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© " coordinates obtained from the rotated coordinates 1'f;:eu.l out
from the rotated stripe pattern feature memory (14) accessed
with the rotation angle equivalent to the direction difference
of said each of the axial candidates.

4, The stripe pattern matching system recited in claim 1, wherein
t.he 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 difference within a first. threshold value to a correspond-
ing relation of the second minutia:

the relation of the first minutia being a number of ridge lines
between th‘e_. first minutia and one of four child minutiae of
the first minutia, each of the four child minutiae of the 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
dircction of the first minntia; and
the corresponding relation of the second minutia being a number

of ridge lines between the second minutia and a corresponding
child miunutia of the second minutia, the corresponding child
minutia of the second minutia being a nearest rninutia in a
corresponding quadraut of a second local x-y plane having its
origin at a poéition of the second minntia and its y-axis dirccted
to ;g‘_‘dire(:t.i;in of the second minutia.

’ 5. The stripe pattern matching system recited in clainm 4, wherein

', . -
the correspondence value between the first ruinutia and the second

minutia is revised considering correspondence values of the four child

minutiac of the first minutia, each calenlated between the correspond- |
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- "ing child minntia of the second mintia.
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6. The stripe pattern matching system recited in claim 1, wherein
the pairing examination means (16) evaluate the correspondence value
on condition that a direction difference between the minutia of the
searching stripe pattern and the minutia of the filed stripe pattern is

- not more than a second threshold value.

7. The stripe pattern matching system recited in claim 1, wherein
the axial candidates are pairs selected among the candidate pairs, each
having the correspondence value not smaller than a third threshold

" value.

8. The stripe pattern matching system recited in claim 1, wherein
the axial candidates are a certain number of pairs selected among the
candidate pairs, cach having the correspondence value not simaller than
the correspondence valuc of any of the others of the candidate pairs.

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

the coordinate conversion means (17) further calenlates a rotated

| direction of cach of minutiae of the searching stripe pattern by
rotating a direction of sald each of minutiae hy the rotation
_ augle designated; and |
the nomination condition being that a difference between the ro-
tated direction of a minutia of the searching stripe pattern and
a direction of a minutia of the fled stripe pattern of said each of
the candidate pairs is not larger than a fourth threshold value,
‘ and each of differences between the deviation coordinates of
said each of the candidate pairs and the deviation coordinates

of said each of the axial candidates is not larger than o fifth -
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threshold value.
10. The stripe pattern matching system recited in claim 1,
wherein:
the control means (10) performs the detailed matching further
malking use of at least one set of the direction difference and the
concentrated deviation, each of said at least one set concerning

appropriate each of the axial candidates other than the most

appropriat.e axial candidate.
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