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BIOMETRIC DA~A ACCBtTANCE METHOD 

BACKGROUND OF THE INVENTION 

l.,. Field 0£ the Invention 

The present inven~ion re1ates to a biometric 

1den't1f ic:ation technique. and .in part..1cu1ar to a biometric data. 

acceptance method for use in b1ometr1c 1den~1fication. 

2. Description of the Related Art 

In network· based information services, identification of 

individuals is one of the most important issues to ensure 

pro~ection 0£ conununications security against_ abuse. 

unau thori2ed use, tempering by unauthorized persons. pretending 

to an aul:hor1zed person. or the 1.1ke. The 1.denti.fication mus't 

be accurate but not too cumbersome. To meet: such a cunditioc1, 

there have been p~oposed a number of biometric identif icat~on 

techniqt;ies. Biornetric data is data representing a certain numan 

charac~eristic that is not changed over all one's life and is 

different from person to person, typically f1ngerpr1nt:s .. hand 

geometry, retinal scans, facia1 1mages and the like. 

Taking fingerprint identification as an example. a user 

places his/her predetermined fing~r on a prism so as i:o disp1ay 

i t:s fingerprint to a scanner such as a cco image sensor. The 

i.nput f ingerpr1nt image data is sent to a fingerprint verifier. 

in which feature data is extracted from the input fingerprin~ 
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image data and then it is compl:Lred against: previously stored 

fingerprint feature da~a.. Since a f1ngerprint is a untque and 

distinctive pattern ttult presents unambiguous evidence of a 

specific person. accurate and s.1.mpJ.e 1.dent.if~cation of 

.individuals can be achieved. Such a fingerprint identif1cat1.on 

sys~em has been disclosed in Japanese Patent Appl1catlon 

Unexamined Publication No. 4-33065. 

In the above-descr:Lbed fingerprint identification syst:am, 

1~ 1s necessary to p~eviously reg~ster ~he fea~ure data of a 

reference fingerprint that is used for comparison. In general, 

~he scanner scans a user's finger on a prism to produce 

fingerprint image data and. if the number of p:t.xel.s having gray 

levels grea:ter 'than a predet:el:lnined gray level exceeds a 

predetermined value. it is deteDnined thal: 'the input fingerprint 

image data is acceptable. 

In order to regis~er the reference fingerprint with 

reliability, the user's finger is usually scanned a p~uraiity 

0£ ti.mes. A plurality of input fingerprint images obtained by 

the scann.ing operations are used to create the .feature data of 

i:he user· s fingerprint. For example. an input fingerprint: image 

having the best qual~ty is used to extract its feature data. 

Alternatively,· a combination of several input fingerprint 

images may be used to create the feature data more sulLabl.e for 

comparison. 

Sl]ch a fingerprint 1nput method .1.mposes the user to perform · 

~he fingerprinting operation a plura11ty of times. More 
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specif i.o~lly. 'the user must repeatedly place the finger on the 

scanner and move it off the scanner plural times to produce 

Eingerpr1nt patterns caused by different fingerprinting 

operations. 

However. there may be cases where some user continuously 

I>:j.aces 'the f1nger on the scanner without moving it of~ to produce 

input. fingerprint images by scanning it plural times. In such 

a case, the correct fingerprinting operation 1s not performed 

and therefore the f ingerpr1nt data obtained by such an incorrect 

f ingerp.rinting operation should not be accepted. 

SUMMARY OF THE INVENTION 

A~ object of ~he present invention 1s to provide a 

b~ometric data acceptance method and apparatus a.11ow~ng the 

input: biometric data obtained by an ~ncorrect operation of 

inputti~g biometric data not to be accepted. 

According to the present ~nvent!on, an apparatus for 

accepting a b1ometr1c image for biometric identification, 

includes: an input device for inputting a b1ometric image: 

a memory for storing at least one reference biometric image; 

arid a determine:r: for determ.tning whether an input biometr~c 

.:i.mage is acceptable, depending on whether~ degre·e of s.i.m1larit:y 

between the input biometric image and a reference biometr~c 

image is smal1er than a predeterm1ned threshold. 



. -·; ... "'""'· 

4 

The deteJ:m1ner may dete.cn1ne that the input biometric 

image is acceptable when the degree of similarity is ·smaller 

than the predetermined thresho1d. The determiner may determine 

tha't the input biometric image is no't acceptable when the degree 

of similarity .1.s not smaller than the predetermined threshold. 

The apparatus may further inc1ude an output dev1ca for 

prompting a user to re-enter a biome'tric image through t.he input 

device when the·determ1ner determines that a previously inpu~ 

biometric image ~s not acceptable. 

The memory may si::ore a reference biometric image that 

was accepted last t·ime. The memory may store a plurality of 

reference biometric images that were inputted in the past. 

i.ncluding a previously accepted biometric image. The 

determiner may calculate a degree of similarity between the 

input biometric image and each 0£ the reference hiomet:ric images 

wherein, when all calculated degrees of simi1arity are smaller 

than the predetermined thresho1d, the dete:cminer determines 

tha~ the input biometric image is·acceptable. 

According to another aspect of the present inven~1on, a 

fingerprint acceptance apparatus includes: an input device for 

inputting a fingerprint image; a memory for storing at least 

one reference fingerprint image: a similarity calculator for 

calculating a degree of simi.l.arity between the input fingerprint 

image and a reference finge:rprint image; and a determiner for 

determining whether an input fingerprint image is acceptable. 

depending on whether the degree of similarity 1s srnal.l.er tll.an 
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a predeterm~ned threshold. 

The input device ma.y be an opt:1caJ. scanner on which a user's 

finger is to be p1aced. The inpu~ device may include a 

sem1conduci:or Chip implementing a sensing function of sensing 

a. fingerpr1.nt image by one of electrostat:l.c capaoitance system. 

hga~-scnsing system, and electric field sensing system. 

The similarity calculator may calculate the degree of 

similarity between 'the 1.nput fingerprint image and a reference 

f1ngerpr1nt image us1rig an expression represented by 

where G = {xi g(x) > 'l', x e D} where g(x) is an input fingerprint 

image, x is a coordinate vector of a pixel in a two-d1mens1onal 

image plane, and o is the whole image plane or a predetermined 

part thereof, P ={xi f(x} > T, x E DL wherein f(x} is a reference 

fingerprint image. and IPI indicates the area of p or the number 

of pixels thereof. 

The degi;ee of s1m1lar1.ty; (f, g) may be calculated by an 

P.x~ression represented by 

J 1 cn,•i (/ (.x) - T)l 111, .. 1 (g(x) -1")tix 

y(/ ,g) = D 

f lco ... ) (g(x)-T)dx ,, 

. {1 y>Ot 
/(11 .... 1(.Y) ... 0 0 . y s; • 

The de9ree of similarity may.be obtained by using one 
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of gray level correlatlon between the input fingerprint image 

and the reference fingerprint image and the number of pixels 

hav~ng same binary value in both the input f1ngerpr~n~ image 

and the reference finge;c-print image. 

The degree of similarity may be obtained by dividing 

tl}e number of p1Xels having same b.1.nary value in both the input 

fingerprint image and the reference fingerprint image by 

the number of all pixels of the input ~ingerprint image. 

The deg~ee of similarity may be obtained by dividing 

the number of piXels having same binary value in both tlle input 

tingerpr~nt image and the reference fingerprint image by 

the number of all pixels of the reference fingerprint image. 

The degree of similarity may be obt:ained based on a degree 

of partial sim1lari ty calculated as 'to a part1al image for the 

inpu~ fingerpr~nt image.and the r~ference fingerprint image. 

Accord1ng to further anther aspect of the present 

inven't1on, a method includes the steps o:f: a} st:oring at least 

one ref~rence biometric.image in a memory; b) inputting a 

biome tr1c image t.hrough an input device; c) calculating a degree 

of similarity between the input biometric image and a reference 

biome'Cr1c image; and d) determining whether an input biometric 

image 1s acceptable, depend.i.ng on whether the degree of 

similarity ~s smaller 'than a predetermined threshold. 

As described above, aoco~ding ~o the present invention, 

it i.~ determined.whether an input biometric image is similar 

to a previously accepted biometric image and thereby it is 
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possible to determine whe'ther 'the input biometric image should 

be accepted. Therefore, for example,, if a user continuously 

places the 'finger on the scanner w1thout moving it off. such 

an incorrect operation is rejected and the inpu~ lmage 1s not 

accepted. 

In addi'tion, according 'to the present invention, when the 

incorrect input operation is performed. it is possible to prompt 

~he user to move it off and replace by a replacement message. 

Therefore, reliable image data can be obtained and accepted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.1.g. l 1s a block d1agram showing a schematic configuration 

of a system employing a biometric data acceptance mAthod 

according to a first embodiment of the present invention; 

F~g. 2 is a flowchart showing the biometric data 

accep~ance method according to the ~irst embodiment; 

Fig. 3A is a diagram showing the contents of a reference 

f.ingerp.r1nt image memory in a system employing a biometric data 

acceptance method according to a second embodiment of the 

presen~ invention; 

Fig'. 38 is a flowchart showing a biometric data 

r- T • • 
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~cceptance method according to the second embodiment; 

Fig. 4 is a bl.ock diag:cwn shoor,r1ng a schema'tic configuration 

of a system empioying a biometric data acceptance method 

according to a third embodiment of the present invention; 

Fig. 5 is a flowchart showing the b1ometr1c data 

acceptance method according to the third embodiment; 

F1g. 6 is a flowchart showing a biometric data 

acceptance met:hod according to a fourth embodinient of the 

present invention; and 

Fig. 7 is a block d1.agram showing a schematic conf-iguration 

of a biometric data acceptance system using a program-cont.rollP..n 

processor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the case wnere a user performs the fingerprinting 

operation plural times, it is almost impossible to p1ace the 

finger at tne same position on the scanner for each 

finge::r:print1ng. 'rhe.refore. each input fingerprint pati:ern 

is naturally d.1fferent. In other words • .if the user repeatedl.y 

place the f.1nger on the scanner and move it off plurai times. 
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~hen ~he aimi1arit.y between plural input fingerprint patte~ns 

obtained by different fingerpr.1nt1ng operations may be 

rclat1.vely low. Contrarily~ .1f the user continuously places t.he 

finger on the scanner without movi.ng it off, then the similarity 

between plural input fingerprint pat:terns may be high, It is 

t~e same w1th o~ber b1ometr~c data, 

According t:o the present invention, it is determined 

whether the s1m1lar1.ty between the current "finge:Ctlrint pattern 

and the previously input fingerprint p_attern is high or l.ow and, 

if the s1mil.arity is high. then it :Ls determined that the input 

fingerprint pattern is not acceptable. If the similarity is not 

h1gh. 'then lt ls determined that the input fingerpr.int pattern 

ls acceptable. The de~a11s of s~m11ar1ty decision will be 

described hereafter. 

SIMILARITY DECISION 

A slm1larity dec1sion mei:hod included in an image da~a 

acceptance method according to the present invention is 

compr1.s~d of pal:t:ern ex'tract1.on step (A). sim.il.arity 

caicula~ion step CB). and s1m1iar1ty de~ermination step (C). 

I11 'the pattern extraction s'tep (A), a binary im~ge 

process~ng method is used to extract an input pattern G and a 

reference pattern F from an input image g(x) and a reference 

image f ( x) • respectively. More specif1oal.ly, the gray level of 

each pixel 1n the input image g(x) is compared with a 

pred.eteim1ned gray-level· threshold T. Pixels having rt gray 
. . : ;_ 

level greater than T are extracted as the input. pattern G from 
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the input image g(x). Tnerefore, the input pattern extraction 

is represen~ed by the following expression~ 

G: =(xi g(x) > T, x e D} (1). 

where x is a coordinate vector of a pixel in a two-dimensiona~ 

image plane and D is the Whole image plane or a prede'termined . 

p~rt 'thereof. 

Similarly, the reference pattern extraction is 

represented by the following expression: 

r: •{xi f(x) > T, x e D} (2). 

In the s1m11ar1ty calculation step (B). the input and 

reference patterns G and F are. used to calculate the degree of 

similarity, i, between the input image g(x) and the reference 

image f (x). If the input image g(x) is sim.:lla.r 'to the reference 

image f(xj, it: can be cons1dered that almost: all P1Xels of the 

1npu~ pattern G are overlapped w~th the reference pattern F. 

Therefore. lf the 1npu~ 1mage gCx) is similar t:o ~he 

re~erence image f(x), then jFnGIJ!GI 1.s nearly equal to l.O, 

Where IP. I 1nd1cates the area of p or the number of pixels 'thereof. 

·t:hat is, 

(3). 

Cont:rar1ly, if 'Che input image g(x) is not similar to the 

reference image f ( x) , then IF n GI ! I GI is much smaller than l. o, 

'that is, 

jFnGj/IGI << l.O (4). 

More S·pecifically, the degree of similarity r {f, g) 

.between the input image g(x) and the reference image f {x) is 

01 'J ,..,_,.,, .. ·-·-
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calculated by using ~he following equation: 

y(j',g) = 
f I<11 .... 1(f(.x)-T)lv1 ... 1 (g(~)-T)dx. 
n· 

I 1,11, ... 1(g(.t)-T)dx· 
D 

{
l y > 0, 

l,11.~) (y) - {) 0 
y '5 • 

( 5). 

In the s1m1.l.ar.1 ty determination step ( c) • it is determined 

based on 'the degree of S1.m1larity; (f, g) whether t:he input: 1mage 

g(x) is similar to the reference image f(x). More specifically, 

'the degree of similarity 7 ( f. g) is compared to a predetermined 

threshold of similarity. Tsim. If T(f, g) exceeds Tsim. then 

it 1s determined ~ha~ t:he user·continuously places the finger 

on the scanner without: moving lt off and thereby the ~nput 

fingerprint image is not accepted. Contrarily~ 1f r ( f. g) is 

equai t? or smaller than Tsim, then it is determined that the 

f1.ngerpri.nting operation i.s properly performed and thereby the 

input fingerprint image is accepted. 

The degree of similarity i(f, g) may be ob~ained, for 

example. by the foll.owing method: 

l) using gray-level correlation between the ~nput image g(x) 

and the reference image f(x): 

2) using the number of pixels having the same binary val.ue "l ·• 

or "O" in both the input image g(x) and the reference i.mage f(x): 
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3) di.vl.d1.ng the number o~ pixels having the same bi.nary value 

"l'" or "O" in both the input image g(x) and t:he reference image 

f ( x) by the number of pixels forming ~he whole input image: or 

4) dividing the number of p.ixels having the same bl.nary value 

"1 •· or "O" in bo~h the input image g (x) and the reference image 

f tx) by the number of pixels forming the whole reference image. 

Al'ternatively, after obtaining a degree of similarity as 

~o a partia1 image ~or ~he input .image g(x) and the reference 

1mage f(X) using one of the above methods, the degree of 

similarity 7(£, g) oetween ~he inpu~ 1mage g(x) and the 

refe~ence image f (x) may be calcuiated based on the degree of 

partial similarity. 

Based on the simi.lar1 -cy decision method as described above. 

p:r.eferred embodiments of the present invention will be described 

1n deta11, taking the case of fingerprinting as a typical 

example. 

FIR.ST EMBODIMENT 

R~ferr1ng to Flg. 1. a b1ometr1c data acceptance system 

according to a first embodiment ~nc1udes a fingerprint image 

input section l. a similarity dec1s1on section 2, a reference 

fingerprint image memory 3, and an accep~ed fingerprint image 

output sect~on 4. 

The fingerprint image input section 1 1s provided with 

a fingerprint sensor ~hat scans the fingerprint of a user's 

£inger placed on a scan Window to produce digital fingerprint 

image data. The f1ngerpr~n~ sensor may employ an optical 
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sensing method or another sensing method. For example, the 

user's finger is placed on a sem1eonducto• chip to sense 

protrusions and depressions of its £ingerpr~nt using 

electrostatic capacitance method, hea~-sens1ng method, 

e1ectr~c field sensing method or the like. 

The reference fingerprint 1mage memory 3 stores 

fingerprint image data that was accepted l.ast time as reference 

fingerpr~nt image data. 

The s1m11ar1ty decision section 2 dete.rm1n~s whether the 

current input fingerprint image is similar to the previously 

accepted fingerprint 1mage stored in the reference f1nge.rprint 

image memory 3. If the input f1ngerp:r1nt 1.mage 1s Similar to 

the reference fingerprint image; then the s:Lmllarl.ty dee~sion 

sect~on 2 rejects the inpu~ fingerprint image. 

Cont:rar.1.ly. if the input fingerprint image is not s1rnllar 

to t:h.e reference fingerprint image, 'then the sl.m11ar1ty decision 

section 2 accepts ~he input fingerprint image to outpuL i~ to 

the acc~pted fingerprint image out:p~1: section 4. At the same 

'time. t:he similarity 4lecis1on sect:.1on 2. updates the reference 

!ingerprint image memory 3 by replacing the stored fingerprint: 

imaga data With the currently accep"t:ed fingerpr:Lnt i.mage data. 

The sim11arity deci~ion section 2 may be implemented by 

a s1m1larity dec1.sion program running on a·microprocessor. The 

· similarity deoision program may be previously stored in a 

·.control memory (~ot shown) COmPOS.ed of a read-only memory (ROM), 

n non-voiatile sem1con~uctor memory, or .the like. 
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Referring to Fl.g. 2, when inpui:ting fingerprl.nt image data 

from the fingerprint image input section 1, the siml.larity 

dec.ision section 2 stari:s the s1.m1larity decision progi:-arn to 

calculate the similarity between the input.fingerprint image 

and the reference fingerprint image stored in the reference 

Fingerprint 1mage memory 3 as described before. Based on the .. 
similarity. 1.t is determined whether the input fingerprint image 

is similar ~o the reference f 1ngerpr1nt image stored in the 

reference fingerprint image memory 3 (step 51). 

When it ls determined that the input fingerprint image 

is simi.lar to the reference fingerp.r1nt image (YES a.t step Sl), 

the simi1arity decision section 2 rejects th~ input fingerprint: 

1.mage. When 1.t 1s determined tha't 'the .input fingerprint: image 

is not simi1ar to the reference f1ngerpr1nt :1.mage (NO at step 

Sl), the similarity decision section 2 accepts the inpu't 

:fingerprint 1mage to output it to the accepted fingerpr.in't image 

output section 4 (step 52). At the same time, the similarity 

oec1sion section 2 updates the reference f.!ngerpr1nt 

image memory 3 by replacing the s'tored f.1.ngerpr1n't .image data 

with the currently accepted fingerpr~nt image data (step S3}. 

SECOND EMBODIMENT 

A biometric data accept:ance system according to a second 

embod1men~ has Dasically the sama system configuration·as in 

the first embodiment of Fig. l except that the reference 
.... · ... 

fingerprint image memory 3 stores a plurality of reference 

fingerprint images and tne s1m11ari'ty decision section 2 
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performs searching operation against the reference fingerprint 

images. 

As shown in Fig. 3A, the reference fingerprint image memory 

3 stores a plurali.t:y of referenoe £ingerprint images RI(l)­

RI(n), which are all or partial fingerprint images ~hat were 

i~putted in the past, including the prev~ously accepted 

fingerprin~ image. 'l'o :reduce the t1me required for similarity 

decision, the number of reference finge:z:print images stored in 

the reference fingerprint image memory 3 is preferably reduced. 

The simi.la.rity decision section 2 may be implemented by 

a simi1a.ri ty decision program running on a microproc_essor. 1.rhe 

s1m11ar~ty dec~s~on program may be prev~ously stored in a 

contro1 memory C not shown} compo=sed of a read-only memory (ROM). 

~ non-volatile semiconductor memory, or the like. 

Referring to Fig. 3B, when inputting fingerprint image 

data from the fingerprint image inpu.t section l, the similarity 

decision section 2 starts the simil~rity decision program. 

After initializing a var1abl.e i i:o l (step Sl l) , the s1milar1 ty 

deni~inn seer.ion 2 searches the reference fingerprint 

image memory 3 for a referenoe f1ngerpr1nt .1mage RI(i) (step 

s12). Thereafter, the similarity dec1s1on section 2 calculates 

the similarity between 'the 1nput f1ngecyri.nt 1mage and 'Che read 

reference fingerprint image RICi) as described before. Based 

on the simi-larity, it is determined- whether the input 

fingerprin't image is similar to the reference fingerprint image 

RI(1} (st:ep 513). 
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When i L is dstern1ined that the input fingerprint image 

is simiJ.ar to' the reference fingerprint image RI ( i) (YES at step 

Sl3), the simi1arity decision section 2 rejects the ~nput 

finge4print image and the control goes back to the step Sll. 

When it 1s determined that the input fingerprint l.mage 

is not sim~lar to the reference fingerprint image RI(i) {NO at 

s~ep Sl3), it is determined whether the variable 1 exceeds a 

predetermined value n. which 1s the number of the re~erence 

!ingerprint images stored ~n the reference fingerpr1nt 

image memory 3 (step Sl4). Whe.n the variable i is not greater 

tban n (NO at step ~14), the variable i is incrementea by one 

(step SlS) and ~he con~rol goes baek to the step Sl2. In 

this manner. the steps s12-s1s are repeatedly performed whi1e 

incrementing i until the variable i exceeds n. 

-When the variable 1 exceeds n, that ~s. ·all reference 

fingerprint images stored in the reference fingerprin~ 

image memory 3 have been read (YES at step $14), it means that no 

reference fingerprint image is similar 'to the input fingerprint 

image. Therefore. the similarity decision section l accepts the 

inpui: fingerprint i.mage to output it to t:be accepted fingerprint 

image outpu't section 4 (step 516). At: the same time. the 

similarity decision section 2 updates the reference fingerprint 

image memory 3 by adding the currently accepted f ingerprin~ 

1mage data to the prev~ously stored fingerprint: image data (step 

Sl 7). 

THIRD EMBODIMENT 
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A biometric data acceptance system aocording to a third 

embodiment has basically the same system configuration as in 

T.he first embodiment of Fig. l except that a massage qutput 

function is added. Therefore.· blocks simiiar to t~ose 

previously described with reference to Fig. 1 are denoted by 

T.he same reference numerals and the details are omit~ed. 
~ 

As shown 1n F19. 4, a message output section 5 is connected 

~c the similari~y decision section 2. When the similarity 

decis1on section 2 determines that the input fingerprint image 

is similar to the reference fi.ngerprint image, the similarity 

deci.sion section 2 cont:rols 'tb.e message output section 5 so that 

the user is prompted to replao~ the finger on the scanner by 

display or sound. For exampl.e, the message output sections may 

j,nclude a display, a speaker. and/or a light:-emi tting diode. 

The similarity decis~on section 2 may ~e .implemented by 

a sim1lar1-cy dec1s1on program runni.ng on a microprocessor. The 

~itn1lar1 tY decision program may be previously store·d in a 

con troJ. _memory (not shown) composed of a read-on1y memory (ROM) • 

a non-volatile sem~oonductor memory. or the like. 

Ref erring to F1g. 5; ~hen inputting fingerprint image data 

from ~he fingerprint image input sect1on I. the similarity 

decision section 2 starts ~he similarity decision program to 

c:al.culat:e the similarity be'tween 'the 1nput: £1.ngerprint image 

. and t~e reference fingerprint image stored in the reference 

fingerprint image memory 3 as· described before. Based on the 

similari:ty .. i't 1.s det:ermi.ned whethQ:t' the i.nput fingerprint irnaga 

C7 ·.r CiiOI" •t\&T 
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is similar to the reference fingerprint image stored in the 

refarence fingerprint image memory 3 (step S21). 

When it is determ1ned that the input fingerprint image 

is similar to the reference fingerprint image (YES at step S21). 

the similarity decision section 2 contro1s the message output 

s~ction 5 so that the user is prompted to replace the finger 

on the scanner by display or sound (step S22) and the control 

goes back to the step 521. 

When .1.t ls determined that the input fingerprint .1.mage 

is not similar to the reference fingerprint image (NO at step 

si1). the similarity dec1s~on section 2 accepts the input 

fingerp;c-i.nt image to output .it to the accepted fingerprint image 

output section 4 (step 523) . At the same time. the s1m1larity 

decision sec't.ion 2 updates the reference fingerprint 

image memory 3 by replac1ng the st:ored fingerprint image data 

wJ.l:h the cur.x:-ently accepted fingerprint image data C step S24 )_. 

FOURTH EMBODIMENT 

A biometric data acceptance syst:em accordj_ng to a fourth 

embodiment has basically the same system ~onfiguration as ~n 

the first embodiment of Fig. l except that the reference 

fingerprint image memory 3 stores a plurality of reference 

.Eingerprint images. the s1.m1.lar1ty decision sact:ion '- per.forms 

searching operation aga1.nst: the reference fingerprint images. 

and a message output function 1s added. 

As shown in Fig. 3A. the reference tinge.:r:print image memory 

3 stores a plura11ty of reference f~ngerprint images RI(l)-
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RI(n). which are all or partial fingerprin~ images that were 

inputted in the past, including the previously accepted 

fingerprint image. 'l'o reduce the time :requi.red for similarity 

decision, 'the number of reference fingerpr:t.nt 1.mages s'torecl in 

the reference fingerprint image memory 3 1.s preferably reduced. 

The s~m1lar1ty decision section 2 may be implemented by 

a similarity decision program runni.ng on a mlcroprocessor. The 

simi1arity decis~on program may be prev~ously stored in a 

con'trol memory (not shown) composed of a read-only memory CROM), 

a non-volatile sem1conductor memory, or the like. 

Referring to Fig. 6. when inputting fingerprint: image data 

from 'the f.1.ngerpr1.n't 1.mage .1.nput: section 1, the similarity 

dec1.s1on sect.1.on 2 starts the similar.ity decision program. 

AfLer initializing tt. vb.r.iab1e i to 1 (step S3l), the similarit:y 

decision section 2· searches the reference fingerprint 

image memory 3 for a reference fingerprint image RI(i) (step 

532). Thereafter, the similar1t:y decision section 2 calculates 

the s1m~lar1ty between t~e input fingerprint image and the read 

reference fingerprint im~ge RI(i.) as described bef.or.e. Based 

on the s1m1lari ty, it is determined whether the inpu·t 

fingerprint image is similar to the reference fingerprint image 

RI(i) {s'tep S33). 

When it is det~~1ned that the input fingerprint image 

is similar to the reference fingerprint: image RI Ci) (YES at step 

533). t:he simil.ar1. ty dec1si_on section 2 controls the message 

output se;ct;i.o.n 5 so. that the user is prompted to replace the 
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.Einger on tlle sc~nner by display or sound (step S34) and the 

control goes back to the step S3l. 

When it is determined that the input fingerprint image 

is not similar to the reference fingerprint image RI ( i) (NO at 

step S33). ~t is determined whether the variable i exceeds a 

predetermined valtJe. n, which 1s the number of the reference 
A 

f 1ngcrprint images stored in the reference f1ngerprint 

lmage memory 3 (step S35) • When the var1.able i. is not greater 

than n (NO at step S35), the variable i is incremented by one 

(s~ep S36) and ~he control goes bac~ to the step S32. In 

this manner. the steps s·32, S33, S35, a,nd 536 are repeatedly 

performed while incrementing i until the var1.able 1 exceeds n. 

When the variable i exceeds n. that 1s, all reference 

f lngerpri.nt images stored in the reference f 1ngerpr1nt 

image memory 3 have been read (YES at step S35), it means that no 

r.eference fi.ngerprint image .i.s simi1a.r to the input fingerpri.nt 

image. Th.eref ore, the similarity dec.1.sion secl:ion 2 accep"ts t2'1e 

input fingerprint image to output i't to the accepted fingerpr:l.nt 

i.mage output section 4 (step S37}. At the same time, the 

similarity decision section 2 updates t:he reference fingenirint 

tmage memory 3 by adding the currently accepted fingerprint 

image data to the previously stored fingerprint image data (step 

SJ8). 

As described before. the similari t¥ decl.sion sect:ion 2 may 

be impiemented by a simi1arity decis1on program running on a 

program-con~roiled processor. 

07 'I ri.1\1' • .., •• 
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As shown in Fig. 7, for example. the biometric data 

acceptance system according to the third embodiment as shown 

in Fig. 4 may be implemented by replacing tlle s1.milarity decision 

~ection 2 with a program-controlled processor 6. The similar.i ty 

decision program is stored in a program memory 7 such as a 

r~ad-only memory (ROH}. a magnet1c disk, a non-volatile 

semiconductor memory, or the like. 

When inputting fingerprint image data from the fingerprint 

i mRge input section 1, the program-controlled processor 6 reads 

the similarity decision program from the program memory 7 and 

starts the similarity dec1.s1on process as described in Fig. 5. 

As described above, according to the present invention. 

it is d.etermined whether an input biometric image is similar 

to a previously accepted biometric image and ~hereby it 1s 

possible 'to determine whet:her the input bl.ome'tr:1.c image shoul.d 

be accep~ed. Therefore. for egample, 1f a user con'tinuously 

places the finger on the scanner without mov~ng it off, such 

a.n 1nco~rect operation is rejected and the input image is not: 

accepted. 

In addition, according 'to the present invent:lon. when the 

incorrect input operation is performed . .1t ls possible to prompt 

~he user to mo~e it off and replace by a rep1acement message. 

Therefore, reliable image data can 'be obta.1.ned and accepted. 
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Claims: 

1. An apparatus for accepting a biometric image for 

biometric 1den~ification, compr~sing: 

an input device for inputting a b1ometr1c image; 

a memory for storing at.least ona reference 

b1ometr~c image: and 

a determiner for determining whether an ~npu~ 

biometric image is acceptable, depending on whether a degree 

of s.1m1lari ty be'tween the 1nput b1ometr1c .:Lmage and a reference 

biometric image is smaller than a predetermined ~hreshold. 

2. The apparatus according to claim l, wherein, when 

the degree of s.1m~lar1ty is sma11er than the predetermin~d 

threshold, the determiner determines that the input biometric 

image is acceptable. 

3 . The apparatus according to cla.im. 2, wherein, when 

the degree of s imi.lar1 ty is no't smaller thq.n the predeterm.ined 

thr.eshold. the determiner determines ~ha~ ~he input biornetr1c 

image is not acceptable. 

4. The apparatus according to claim 1, further 

comprising: 

an output device for prompting a user to re-enter 
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a biometric image through t:he input device when the de'te:r:miner 

de't:ermines tha't a previously input biometric image is no~ 

"ccepi:able, 

5. The apparatus according to claim 1. where.in 

t~e memory stores a reference b1omet.ric image that was accepted 

last 't:ime. 

6. The apparatus according to claim 1, wherein 

'Che memory s't:ores a p1ural.i'ty of ~eference b1ometr.1c images that 

were inputted in the past, including a previously accepted 

biometric image. 

7. The apparatus according to cl.aim 6. wherein the 

determ.iner calculates a degree of similarity between the input 

biometric image and each of the reference b1ome~ric images 

wherein, when o.11 calculated degrees of similar.1ty are smaller 

~han the predetermined threshold. the determiner determines 

that the inpu~ biometric image is acceptable. 

8. A fingerprint acceptance apparatus for accepting a 

fingerprint image, comprising: 

an input device for inputting a fingerprin~ image; 

a memory for stor1ng at least one reference 

!ingerprint image: 

a similarity calculat:or for calculat.1ng a degree.of 
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similarity between the input fingerprint image and a reference 

fingerprint image; and 

a determiner for determining whether an input 

fingerprint image is acceptable. depending on wllether the degree 

of similarity is smaller than a predetermined threshold. 

9. The fingerprint acceptance apparatus according to 

claim 8. wherein. when the degree of s.imi.lari ty is smaller tnan 

the predetermined threshold, the cle'te:crniner deteJ:"m.1.nes that the 

input fingerprint image is acceptable. 

10. The f1ngerpr.1nt acceptance apparatus according to 

claim 9, wherein, when the degree of simil.ar1ty 1s not: smaller 

'than the predetermined threshold, the determiner determines 

that the input fingerprint image is not acceptable. 

11. The fingerprin't acceptance apparatus according to 

claim 8 ~ wherein the input device 1.s an optical scanner on whic;::h 

a user's finger is to be placed. 

12. The fingerprint acceptance apparatus according to 

c1aim a. wherein the input device comprises a semiconductor ·chip 

j.mplementing a sens1ng function of sensing a fingerprint image 

by one of el.ectrostatic capaci'tance system, heat·sensing sys'tem, · 

and electric field sens1ng system. 
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13. The f.1.ngerprint acceptance apparat:us according 'to 

claim B, wherein 'the similaX"i ty calculator calculates the degree 

of similarity between the input fingerprint image and a 

·c:eference fi11gerprint image using an expression represented by 

W1!ere G ={xi g{.x:) > T. x E DJ where g(x) is an input fingerprint 

1mage. xis a coordinate vec'tor of a p.1.xel. 1n a two-dimensional 

image Plane. and D 1B the whol.e image plane or a predeterm1ned 

part'Chereof, F={xj f(x) >T. xE O}, whereinf(x) isareference 

fingerprint image. and Ip I indicates t:he area of p or the number 

of pixels thereof. 

14. The fingerprint acceptance apparatus according to 

claim 13, wherein the degree of similarity r (f. g) 1s calcuJ.ated 

by an expression represented by 

y([,J:) = 
J 1111, ... >(/'(x) -T)/111,.,.1 (g(x) -T)dx 
D 

fl cri ... > (R (x) -T)dx 
v 

{
' y >0, 

1(11,"•)(y) = 0 
Y ~o. 

is. The fingerprint acceptance apparatus ~ccording to 

claim s. wherein the degree of similarity is obtained by using 

one of gray-level correlation between the inpu~ fingerprin~ 
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lmaga and the ref ereil.ce f 1ngerpr1nt image and the number oi 

pixels having same binary value in both the input fingerprint 

image and the reference £ingerpr1nt image. 

16. The fingerprint acceptance apparatus according to 

c.l;;a1m 8. wherein the degree 0£ similari'tY is obta.tned by dividing 

'the number of pl.xeis having same bina..:r:y value in both the :input 

fingerprint image and the reference £1ngerpr~nt image by 

~he number of all pixels- of ~he input fi.ngerprint image . 

. 
17. The fingerprint acceptance apparatus according to 

c.laim e, wherein the degree of s.trn1.lar1ty is obtained by dividing 

the number of p1xel.s hav1ng same binary va.lue in both t:he input 

fingerprint image and the reference fingerprint image by 

t:he number of all pixels of the reference fingerprint .image.· 

18. The fingerprint acceptance appa.ratus according to 

claim 8 .. where.1n the degree of simi.lar:lty is obtained base<l on 

a. degree of partial simi1ari ty calcula'ted as 'to a par~ial image 

tor the input f 1ngerprint image and the reference fingerprint 

image. 

19. The fl.ngerprint: acceptance apparatus according i:o 

claim 8. further comprising: 

an output device for prompt:ing a user to re-ent:er 

a fingerprin't image 'through the :1.nput device when the determiner 
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determines that a previousiy 1nput f~ngerprint image is not 

acceptabl.e. 

20. The fingerprint acceptance apparatus according to 

claim 8, wherein the memory stores ~ reference fi.ngerp:rini: image 

't~a~ was accepted last time. 

21. The fingerprint: accept:ance a'()paratus according to 

claim a. wherein the memory stores a plura1ity of.reference 

£ingerpr1nt images that were i.nputted 1n the past:. lncluding 

" previousl.y accepted fingerprint image. 

22. The fingerprint acceptance apparatus according i:o 

claim 21. wherein t:ne s.1.m.1.l.ari ty cal.culator calcul.a'tes a degree · 

of similari~y be~ween the input fingerprint image and sn~h oF 

'the reference fingerprin't images wherein1 when all calculated 

degrees of similarity are smaller than the predetermined 

i:hresho~d. the de'te:rm1.ner dete:rmines that the input fingerprint 

lmage is acceptable. 

23. A method £or accepting a biometric image, comprising 

the steps of: 

a) stor~ng at least one reference biometric image 

in a memory: 

b) inputting a biometric image through an input 

device: 
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c) calculating a degree of similarity between t.he 

input biometric image and a reference biometric image; and 

d) determining whether an input biomet:ric image is 

acceptable. depending on whet:her the degree of similarity is 

smaller than a predeterm1ned threshold. 

2 4 . The me l:hod according to claim 2 3, wherein, when the 

degree of similari'ty is smaller than the predetermined 'thre.shol.d. 

it is det:e:r:mi.ned that: the input biome-eric image .3.S accept.able. 

2.5 .. The method according to claim 2 4. where1.n. when the - . 

degree of similarity is not smaller tnan the predetermined 

t.hreshold. i't ls det.erm1ned that the input biometric image is not 

acceptable. 

26. The method according to claim 23, wherein t:he degree 

of similarity 1s calculated using an expression represent:ed by 

where G = {xi g(x) > T, x ~ 0) where g(x) l.s an input biometric 

image. x is a coordinate vector of a pl.xel 1n a two-dimensional 

image plane. and D is the whole image plane or a predetermined 

par'l: thereof. F = {x I f (x) > T, x E D}. wherein f (x) 1s a rcfcronce 

biometric image. and Ip I indicates the area of p or the number 

of pixels thereof. 

2 7 . The method according to ola1m. 2 6, wherein the degree 

n.r· . r "J..I\,.. ·- .• 
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of sim:l.larit:y ·r (f, g) 1s calculated by an expression represented 

by 

y(f.11)= 
J '(II.YI) (f (x) -T)I (II.») (g(x)-T)dx 
0 

f J(ll,,..l(g(X) •T)dx 
D 

28. The method according to claim 23, wherein the degree 

of similarity is ob'Cained by using one of gray-level correla'tion 

between the input biomet:.ric image and the reference biometric 

image and the number of p.ixels having same binary value in both 

~he input biometr~c image and the reference biometric image. 

29. The method accordi.ng to claim 23, where.in the degree 

of s imiJ..ari ty i.s obtained by dividing 'the number of pixe.J.s hav.ing 

same binary value in both the input biometric image and the 

reference biometric image by ~he number of all pixe~s of the 

input biometric image. 

30. The method accord1.ng to claim 23, where1:n the degree 

0£ s1m.1lar1ty1.s obtained by dividing the number of pixels having 

same b1nary value ~n both the input biometric image and tbe 

r.efe.cence biornetric image by the number of all p1xels of the 
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reference biometric image. 

31. The method according to claim 2 3. wherein t:he degree 

or similarity 1s obtained based on a degree of partial similarity 

calculated as to a partial image fo::c t:he input: b.1ometric irnage 

an.,d the reference biometric image. 

32. The method according to clalll 23, further comprising 

the steps of: 

prompting a user to re-enter a biomet:ric llnage when 

it is determined that a previously :1.npa~ b.1.ometric image is not 

acceptable. 

33. The met:hod according to claim 23. wherein the memory 

~tores a r.ef erence biometric 1.mage t:hat was accepted last time .. 

3 4 . The method according to claim 23 • wherein the memory 

stores ~ piurai~ty of reference biometric 1mages tha~ were 

inputted in the past:, including a previously accepted biometric 

lmage. 

35, The method according to claim 34, wherein a degree 
. 

of similarity between the input biometric image and each of the 

reference biometric images wherein, wnen all calcula'ted 

dP.g~ees· of similarity are smaller th.an 'the predetermined 

threshold, it is determined tha·t the input biometric image is 

... -/'.:•. 
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acceptable. I ~Mlf 011~ Uf 11111 U llM , 
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3 6 • A record1ng medium st:ori.ng a program for inst:ruc't1ng 

a computer t:o ·perform a biometrio image accept:ance method. the 

program comprising the steps of: 

a) st:ori.ng at least one reference biometri.c image: 

b) input~ing a biometr1c 1mage through an input 

d.evice; 

c) caiculatl.ng a degree of similarity between the 

input biometric image and a reference biometric image: and 

d) determining whe~her an input b.1omet:r1c image 1s 

acceptable. depending on whether the degree of similarity is 

.smC1.lJ.er than a prede·termined threshold. 

37. The reco:rd.1.ng medium according to cl.aim 36, wherein, 

when the degree of similarity is smaller than the predetermined 

threshold, it is determined that the input biometric image is 

acceptaple. 

3 e . The recording rned!um accordj.ng to el.aim 3 7 , wherein, 

when the degree of_s1.milarity is not smal.ler t:.han the 

predetermined threshold. 1t: ls determined that the input 

b~ometric 1mage 1s not acceptable. 


