SPECI FI CATI ON PATTERN RECOGNI TI ON SYSTEM PATTERN
RECOGNI TI ON  METHOD, AND PATTERN RECOGNI TI ON PROGRAM
TECHNI CAL FI ELD [00011 The present invention rel ates
to a pattern recognition nmethod, system and program
and particularly to a pattern recognition nethod,
system and programfor_identifying a person based on
data such as voice dadBE&GIFHaATIE3Na. BACKGROUND ART
[ 00021 When a fingerprint verification apparatus is
used to identify a person, the follow ng process is
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fingerprint pattern that has been registered I n

advance is conputed. Then, the match rate is conpared
a predeterm ned threshold to determ ne whether

. 1.h
TE%NL@&LﬂI@erH nt pattern and the registered
[0({' gerprint pattern are of the same person. Based on
; determnation result, the person is identified.
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systbat samt qapigrace foat Rlenti®Pid a lpersbnsbh¥ed &h data such as
fingerprint verification apparatus, the predeterm ned

VOlpﬁrfgﬁhide lpsagé dabauni fornly fixed to a certain val ue

irrespective of which finger is verified. However, the

match rate 2 between the fingerprint patterns actually
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[0002]

| When a fingerprint verification apparatus is used to identify a
person, the following process is generally performed. First, the
degree of consistency (the match rate) between an input fingerprint
pattern obtained by a sensor or the like and a registered fingerprint
pattern that has been registered in advance is computed. Then, the
match rate is compared with a predetermined threshold to determine
'Whether the input fingerprint pattern and the registered fingerpriﬁt
pattern are of the same person. Based on the determination result,
the person is identified. In this personal identification process, the
rate at which an input fingerprint pattern of a person is falsely
determined to be identical with a registered fingerprint pattern of
another person is called the "false acceptance rate."
- [0003]

In this type of fingerprint verification apparatus, the

_predetermined threshold is often uniformly fixed to a certain value

| '.irrespective pf which finger is verified. However, the match rate




(fingers). That is, sone people have fingerprints that

provide a high match rate, while other people have

fingerprints that only provid® a |ow match rate.

Therefore, if the threshold is set to a higher val ue,

the fingerprint verification apparatus tends to reject

aut hentication of a wong person, but it also tends
begween| ddiey fivjgerprint hpatiexats oacbiallfe vaydasi manong persons
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I dentification succes$ Tate. _ ccording to _
thed firegarpadgbividréficatioind pPaseltosetbnds E’étl@g%ct RogHeRRication of

1 (Japanese Patent Application Laid-Qpen
a WU PE3808) buthd aksoctends dobftlaebn repatt aefhiettication of the
data i tem and _ot her regiiitered data itens is
geniRf PEasomperCopystselyn i the dhreaheld dpssati buta dawer value,
m a thresh
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verification target data e recognirze

a waoIEpReseh N TieidtiviRtise dakauks WP 1l tEoh 99 65 8Entification
data itenms is conputed. The conputed match rate Is

succespaadd. with the threshold for the candidate data
[ itéfmto determ ne whether the verification target
0004{a and the candidate data correspond to each other.
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registered data item [00051 A patternTecognition .
othappeegasteredi dabadtemismsPadmptutpet un®hier? baskabanesanatch rate
! Pa.bent Ap%I i cati,on Lai d- Open No. 2002-230551)
distrahygfign obtained for each registered data item, a threshold for the
registered data item is generated. When a person is identified, the
match rate between a verification target data to be recognized and a
corresponding candidate data item in the registered data items is
computed. The computed match rate is compared with the threshold
for the candidate data item to determine whether the verification
t.arg'et data and the candidate data correspond to each other. In this
~ data recognition method of Patent Document 1, a target value for the
false acceptance probability is given first, and the lowest match rate

that meets the target value is dynamically computed as the threshold.
Thus, the threshold 1s different for each registered data item.

- [ooos]

A pattern recognition apparatus disclosed in Patent Document 2

(Japanese Patent Application Laid-Open No. 2002-230551) involves,




3 for a certain set of patterns, determning a

di fference between the feature vector of each pattern
and the average feature vectod of each correct
category. This produces a set of difference vectors.
An error distribution corresponding to this set of
difference vectqgrs is used as a probab|I|ty density
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present invention is to provide a pattern recognitio
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reaognl tion program capabl e of ensuring stable :

urity strength. [00081 Still another object of the

present i nyentd is to provide a. pattern recognition
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ention. The reference nunerals and synbols are
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rec USSR SR 22 RGPS Bl 5550, hpattern
rec8€hition program capable of ensuring stable secunty strength.
~[0008]

Still another object of the present invention is to provide a
- pattern recognition system, a pattern recognition method, and a
pattern recognition program capable of reducing the learning cost of

pattern recognition.

-DISCLOSURE OF THE INVENTION
[0009] |

' The Disclosure of the Inventi_on will be described below using
reference numerals and symbols used in the Best Mode for Carrying
Out the Invention. The reference numerals and symbols are added
with brackets for clarifying the correspondence between the
description in the Claims and the Best Mode for Carrying Out the
Invention. However, the refereﬁce numerals and symbols should not
be used for inferpretat_ion of the technical scope of the invention set

forth in the Claims.




forth in the Cains. 4 [00101 Pattern recognition
systens (10, 10a) of the present invention conprise a
first probability conputationtunit (32), and a second
probability conputation unit (33) coupled to the first
probability conputation unit (32). The first
probability conputation unit (32) conputes a first
[00d0dbabi I ity (PFCR) based on the nunber (n) of
correspondi ng characteristic points (csl to csn, cfl _
_ toP@‘tﬁyfrnnmmmﬂgonp@rsﬁemeo&%sbﬁ i ofy thet wregent invention
characterjstic pojnis.(sl1 tosn.).in afir pattern
COmBHISEh A abral | grpéaﬁﬁm sCOMPYtstion) unit L2uhand’ a second
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prof BB cbtpptafith SRR JPR) anilet) sl b (Rt Hiobability
RiRe c gpandi act ek St : ;
2L Al vt FaobpalEy Ebiation, pnit (32)
coneputespanding srasdsilayi siPrepdoibaised The $heontumber (n) of
probability conmputation unit (33) refers to the first
corpespemiing clarekpridsic pmpmte &sflate ecsapcefit docefn) indicating
- _.probabilit PFAR) .indicating the probapilijy of ) .
POI%? EOTYeR %&%ﬁl%iih%"‘t% Cilﬁﬁéc?¢¥1§gmpﬁf”fréﬁﬁ1{5aln80 te) in a first
d patitern correspond,t ch.other. 00111
patPFE ML BRI TE M B R0 R st itltosg.  The
; : EEE t ' :
fixsd ot AHAITARY, (EPFYiHeatef fHle prbhaPMie MTRORRRLAce of a third

patteri eshpatdhag chalaageer MimbeROioft ot £64pd@diash) chAracteristic
.the first pattern and the associated correspondi ng
pointartacthei frst paditers thafh|the mimbdém (hhefsttenmbrresponding

cha§RciTiPkico ROB hot e Seg0mdl FroDREbEFoRemRLAtion wnit (33)
aracteri st i .determ ned between the, fjrst
refepat ttgr_% Sn rﬁgfgg&i’%f)%h& e(iJrFCR?ngo t(i?ényé‘t%?e?nfaise acceptance
- vale r . -
proBABSHEY (AP IAREIT 0L U b AbjLP SRIEIEN dotgppining hat
the (333t patipiteand tles eadonAreheteirni éorreBpoRd todiacht bilter.

| [OOH]]e probability that the anpunt based oOn

A first vector (Di) and a second vector (Ds) are defined as follows:
The first vector (Di) has components comprised of differences (d1 to
dn) between the corresponding characteristic points (cs1 to csn) in the
- first pattern and the associated corresponding characteristic points
(cfl to cfn) in the second pattern. The second vector has components
: cpmprised of differences between pairs of corresponding characteristic
points determined between the first pattern and a fourth pattern. In
the pattern recognition systems (10, 10a) of the present invention, the
second probability computation wunit (33) computes a second
| probability (Ppre) indicating the probability that the amount based on
the second vector (Ds) is smaller than the arﬁount based on the first
vector (Di). Then, the second pfobability computation unit (33)

computes the false 'accep_tance probability (Prar) based on the first




the second vector (Ds) is smaller than the anount
based on the first vector (D). Then, the second
probability conputation unit §33) conputes the false
acceptance probability (PFAR) based on the first 5
probability (PFCR) and the second probability (PPRE).

: For exanple, the second probability conputation unit
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- [oofti2zlst vector (Di). The second probability (PARE) may

indicate the probability that the product of the
colpohbet patterhe resegnitoneayetenlds) (I el &f than present

. the. product of the conponents (dl, to dn)_ of the first _
INVEBEIEE ?ﬁﬁ)ﬁ.‘ecméd sl@"thﬂblh’bBbgBPRE)t yapPrelicaty the probability

ingicate the probahility that each c onent of_.the
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vector (D) and the event that each conponent of the
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the{ BTBBARI LS tBahorneh, Gomuanet  of theapeeanl ngociss (Ds) is
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the second vector (Ds) s unifor
logical OR between the event that each component of the second vector

(Ds) is smaller than the corresponding component (d1 to dn) of the
first vector (Di) and the event that each component of the second
vector (Ds) is smaller than the corresponding component of a third
vector (Di"). The third vector (Di") has components resulting from
' 'rearranging the components (d1 to dn) of the first vector (Di).

[0013]

In the pattern recognition systems (10, 10a) of the present
invention, a distribution function (p(Ds)) of the second vector (Ds) is
uniform.

[0014]

The pattern recognition systems (10, 10a) of the present
invention further comprise a difference data detection unit (31)
coupled to the first probability corﬁputation unit (82). The difference

~ data detection unit (31) receives first characteristic data (112)




[00141 The pattern recognition systens (10, 10a) of

the present invention further conprise a difference

data detection unit (31) c@&upled to the first

probability conputation unit (32). The difference

data detection unit (31) receives first characteristic
~_data (112) 6 indicating the characteristic points (sl
indicatisydthenchaeadtersttipqtaiate (@ddto sagbim the first pattern and

g&:r acteristic data glzz)) indicating the o )
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detection result to the tfirst probability conputation
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_ nunber (ns) of the characteristic points in the first

| the glateetion treswlanterthentfiret piobahitdyacoerpetatiopoimis (32).
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correspandengctharacteiristi¢ 3ppinis el fthestfigtokabtds t(Di). The
. conputation unit (32), so that the difference data
first( pBababslify oeimpdtatiomheusiécB) pootmbids the first probability

' tati it.(33). [00151 ,Th .
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[0015]

The pattern recognition system (10a) of the present invehtion
further comprises an identification determination unit (34) coupled to
the second probability computation unit (33). The identification
determination unit (34) receives false acceptance probability data
(133) indicating the false acceptance probability (Prar) from the second
| probability computation unit (33). The identification determination
unit (34) compares the false acceptance probability (Prar) and a
predetermined threshold (Prrar) and outputs a comparison result (134).

‘For example, the identification determination unit (34) determines

that the first pattern and the second pattern are identical if the false

' acceptance probability (Prar) is smaller than the predetermined

threshold (Pprar). When it is determined that the first pattern and




probability conputation unit (33). The identification
determnation wunit (34) conpares the fal se acceptance
probability (PFAR) and a pré€determ ned threshold
(PPFAR) and outputs a conparison result (134). For
exanple, the identification determ nation unit (34)
determines that the first pattern and the second

the, gecens mtemwr@andarftwmﬁ fiatleer coppnedcaccording to the

robabilit smal | er than the predetermn ned
co@ﬂ?@%ﬂ%ﬂ&iﬁﬁ) \ﬁ%ér‘?’? Piedeterrri ned that the
[001g]st pattern and 7 the second pattern are identical,

a door is opened according to the conparison result

(134) .thieorp £otarpl Q‘ecbgﬂlﬁlm ét@‘?n@a(f(?r rl(fs@‘:ctﬁmt% r‘bresent

systens (10, 10a) res I nvent’i on, ‘the fi

Inveattienn thved first p@tw@ﬁh pﬂhﬂetheaéécémﬂgﬁﬁﬂtéﬂﬁ are fmgerprmt
patterns, for exanple. Thus, the pattern recognition
Pa@%ﬂémfo@'l@){am&- offhus phes patttény ergdogmition beystems (10,
rint. authentication_ apparatus.

a fin
10%6)oo‘ifl7lﬁl9x PAEEER EE@BH% oM ¥¥t hed apPhigd giesantfingerprint
‘ i the steps of: (a) conputing a
auﬂf‘%ﬁ@ﬁ%ﬁ%&%ﬁ?%@ﬁh@) based on the nunber (n) of
- [oogqirespondi ng characteristic points (csl to csn, cfl
to cfn) indicating points correspondi ng between

chAr patteriis reeogaitiba ﬁ:ﬁdthddi) o8Bk Pf‘e@eﬁﬁ Eﬁfreﬁ@idr? CBmprises
and characterlstlc poi nts § to fn in a second
thepgters nof: afﬁi) (domputing i agtir ettpeolﬁabﬂitypr(&’q@hi) | bayed on the

ool SRl BB oS ent b con, 1
cfnﬁ?{"l?ieérﬂnﬂieg - Pé gsntagxelt‘%s! rSt at }}‘)gtgve[%ggfgn)arap e¥1|sr ic points (s1
to s{@ﬂl‘iﬁé&[‘o %ﬁﬁ%ﬂt&kgga?gt%ﬁ%ﬁeg@@ o égf\ggrﬁ(gﬁba second
pattarmputindg () se€ondng to the first probablllty (Prcr) to compute a
false acceptance probability (Prar) indicating the probability of falsely

~ determining that the first pattern and the second pattern correspond

to each other.

[oo018]

In the pattern recognition method of the present invention, the

~computing step (b) comprises the steps of: (b-1) computing a second

probability (Ppre) indicating the probability that the amount based on

a second vector (Ds) is smaller than the amount based on a first vector
(Di); and (b-2) computing the false acceptance probability (Prar) based |

on the first probability (Prcr) and the second probability (Prre). In

the computing step (b-2), the false acceptance probability (Prar) is

- computed by multiplying the first probability (Prcr) and the second

- probability (Prrg) together, for example. |
-~ [0019] | |

In the pattern recognition method of the present invention, the




probability (PPRE) indicating the probability that the
anount based on a second vector (Ds) is smaller than
t he anobunt based on a first V&ctor (D); and (b-2)
conmputing the fal se acceptance probability (PFAR)
based on the first probability (PFCR) and the second

_ probabi | jt (PFRI% In the conputing step (b-2), the
Se%dsepﬁeb@ ikibge Pﬁbhbmayymd’mp |tshecanrpbabdhby that the
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second vector Is smaller t nitu
(Ds)hes fsmsﬂevethwn {1 Jprotheetsef ehe %ﬁﬁﬂhﬁémte/ (a&’PE@E)dn) of the
i ndi c&)&t probability that the product of

rﬁﬁﬁﬁ@ht t fEhe eseennd eprobabiliy) (Rpmnairhay mdrcate the
of the, first

prqb@& By Bt thic&éﬁn”‘é’ﬁg?xgtéﬁoihetwq‘?&kaew (D) is smaller
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ORodbetweginahe ERehettiegneddie c@ﬂ%n&ﬂﬂbfﬂﬂ@sé@@ﬁ’@%or (Ds) is
of the second vector (Ds) is smaller than the
smaHer ddwonthagaueppradingdbmponentdidt be dn)r of thedlast vector

A D d t he eve t that, each conponent of the second
(Dlié’c‘%% F—D@)Vfa%t B4| pagh (aMPERENBoPE dbwoserend vector (Ds) is

f t hi d t th
s ZHERERGH 8 Brrasb e SomPaphnt siigh ihird testonsRi)
[002() t he present invention, the first probability
- (PFCR) is conputed based on the nunber (ns) of the

chhi ableetomphuting iﬁeﬁ) (3 Mﬂlé;pf tef’ﬂtﬂe%bﬁmhfﬂ)% method of the
nunber (nf) of t aracteristic points in the second

prepent enﬁenamn,t the finatherolabilitfy (Pwcr)arsr ersmqnthedgbased on the

numgar a%nse)r | StI t%epoclslg]etugactenstlc points in the first pattern, the
number (nf) of the characteristic points in the second pattern, and the
number (n) of the corresponding characteristic points.

[0021]

The pattern recognition method of the present invention further
comprises the steps of: (¢} comparing the false acceptance probability
(Pragr) and a predetermined threshold (Pprar); and (d) determining that
the first pattern and the second pattern are identical if the false

‘acceptance probability (Prag) is smaller than the predetermined
“threshold (Pprar).
[0022]

A pattern recognition program of the present invention causes a
‘computer to perform the steps of: (A) computing a first probability

(Prcr) based on the number (n) of corresponding characteristic points




[00211 The pattern recognition nmethod of the present
invention further conprises the steps of (c)
conparing the fal se acceptanc® probability (PFAR) and
a predeterm ned threshold (PPFAR); and (d) determ ning
that the first pattern and the second pattern are
iLdentical if _the fglse_  acceptance probability (PFAR
(csils tomeamyr afdarbor dn)r sndicatinge pointse shsresympring . between

0221: ,A patiern.recognityon pregram of the present . -
ch3fakH e Cobs (T agnBaeban, B Barf ohattent: ahidhehgracteristic
poitits CAML Tﬂ? fh 4 rs%tcoﬂgpﬁaaa%hfﬁy 5}1{&) 8 rgféﬁq%lgrngf) NEie first

nunber (n) of corresponding characteriStic poin

prdeshility dPrcrbfto tewmbmkel BAifaddd NcdQYtalnte probability (Prar)
. ctorresponding between characteristic points (sl to
inddngpinig thef prehapditiyeofi faleblyhdebetrainmig chapoihe firstl pattern
: éo fnf) in a second pattern; and (B) referring to the
and ithe; seeansb psittery copreamyond tooepch otheral se
[00 gept ance probability (PFAR) indicating the

%% bability of falsely determ ning that the first
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the steps o ) conmputing a second probabilit

probpepebtyi (Rimatimtcabimgithbaprobalilifyathhbehamundunt based on
based on afﬁond vector (Ds) is snaller than the
as tVasd e i# smadler thanrthg Bryouahdba®dpn a first vector

R 0 oS AR . WA e s

on PRI AROUARIRY, (gl L R BBl . 1

theMdbhi phtintd dtBp (Brs), Phabadisk! Eﬁcéﬁf@e yfbﬁzfl?ility (Prar) is
er, for exanpl e.

second probability (PPRE) toget
con{@] by multiplying the first probability (Prcr) and the second

~ probability (Ppre) together, for example.
[0024]
| In the pattern recognition program of the present invention, the
second probability (Ppre) may indicate the probability that the
magnitude of the second vector (Ds) is smaller than the magnitude of
the first vector (Di). The second probability (Ppre) may indicate the
- probability that the product of the components of the second vector .
(Ds) is smaller than the product of the components (d1 to dn) of the
first vector (Di). The second probability (Ppre) may indicate the
probability that each component of the second vector (Ds) is smaller
‘than the corresponding component (d1 to dn) of the first vector (Di).
- The second probability (Ppre) may indicate the probability of logical

-~ OR between the event that each component of the second vector (Ds) is

smaller than the corresponding component (d1 to dn) of the first vector

(Di) and the event that each component of the second vector (Ds) is




In the pattern recognition program of the present

i nvention, the second probability (PPRE) may indicate

the probability that the mag@itude of the second

vector (Ds) is smaller than the nmagnitude of the

first vector (D). The second probability (PPRE) may

indicate the probability that the product of the
smabesdifern $hef cotrespondnd gveanponeiibs)f & thindivieetor KB1').
00&5@ product of the conponents (dl to dn) of the first

tor (D). The second pr obabi | i ty (PPRE) may

Q?%ﬁ@*%é&ieuﬁmb? (A, 108 i e DR, B drpmp uted
bameme (H{llﬂﬁlﬁ?gr?’isgf ;hﬁléléﬁ I'ggﬁétr?%%é% TQFL the first

second probab may I ndi cate

pattérhpdilnalnuhdet(nwenft bl@ee&liﬂl*a&ftﬁﬁsﬁécboi?@mxmefﬂhe second
of the second vector (Ds) is snmller than the

patéernespontihepuoherrentof( the corvedpaidine characterastierpoints.
0 & ) and the event that each conponent of the second
0 tor (Ds) is 10 smaller than the correspondi ng

il il G e
cau%@@ptﬂ@%orﬁ #¢dr 9% ?BFdeHbﬂE sobf:t comt]%arlng the false

caracter|S|c p0|nS|nthe II‘S pat

accapt®ece (pFobobhilitie (Phatackel 'aStpx%d%bFﬁﬁnbﬂ thees1Ie6RNdPrrar);
attern, and the nunber (n) of "the corresponding

and: kB ad:eMnsmngd)hat dhe fieepGiatteenpantetle secogdi pabiern are
ogram qf th pr esent |nvent| on furt causes _t he
1de%wai lg]r (i'kfb fﬁ aﬁﬁfﬂptﬁen@ﬁ apobebility) Fl%mxéas. sigalier than the
ent.an ability (PFAR) and a
PreSFt%‘é‘PéPFrﬁ ‘@b‘“‘%ﬁi’@é@h@%@w PFAR); and (D) determning

that the first pattern and the second pattern are
identical if the fal se acceptance probability (PFAR)

" EFFEGROFETHRANVBNTPOA]et er mi ned t hreshol d (PPFAJ) .
_[ngE,?]FECT OF THE I NVENTI ON [00271

The pattern recognition system, pattern recognition method, and
pattern recognition program according to the present invention allow
- an increased accuracy in computing the false acceptance probability.

[0028]

" The pattern recognition system, pattern recognition method, and
pattern recognition program according to the present invention allow
ensuring of stable security strength.
[0029] |

The pattern recognition system, pattern recognition method, and

pattern recognition program according to the present invention allow a

reduced learning cost of pattern recognition. .

BEST MODE FOR CARRYING OUT THE INVENTION
[0030]




The pattern recognition system pattern recognition

met hod, and pattern recognition program according to

the present invention allow 1dn increased accuracy in
computing the fal se acceptance probability. [0028]

The pattern recognition system pattern recognition

met hod, and pattern recognition program according to

t heé pratiern recesRitdanapyslemedattens secegniien method, and

rj . h. 0291 The ttern recogpi.tion,. .
pafiETH Lode b ER Wl ogk gt AesntiEaRan, timBrSREE dpyention will be
i $eds i nyen
ded DN, Wwifh RifRGbAth X tHS Bpphddll iefnfills.  IHTE rosent
1n v oivORh eF QR t CAFRIR Y &6 gATT 1 T IE BN | (M p@@381alpabtern to be
pattern recognition system pattern recognition
recegnhized eaftent referredogniasi an 'inpotamatieraHiwitht a pattern
res nven ' e described with

th ent. i tjon Il b
stopgfel i dlatahase zﬂ?}séﬁ@ rgrefarygd. to ms we "pefeemce pattern”)

and BTy the ol ebOhRe Bt Rert o RAFat o dutamples of

: the'éErEPé‘ﬁte?ﬁ%tﬁf ullet b@r@ggas?aﬁ‘ﬂ%rgﬁﬂf efh el 2§ %;0?@%?@111:.

(hereafter referred'to rence pattern

- [00814l uates the match rate between the two patterns.

_Exanples of these patterns include a person's
(FirstnBenbodimentthce, and voiceprint. [0031] (First

En‘%& jment) FILG. 1 is a block diagram show ng a

co Egul asi vwleck e gram showieg sysonfiguratsonmf the pattern

according to a first .enmbodi nent. of th .esent
rec?ﬁ{}gﬂf’flo%ysﬁ%l%coffh]?_ﬁe Pafit g’{ﬁgr%’é&jﬁlm%t 9itthe present
invéRtidit! VEESRG. PR tb;lren g'a:}ggfnupééo(égigﬁﬁgesgrgségfnlgﬁl% includes a

pattern input "unit a pro

- patbéfh ainputPuinignit, 4 FdRrdalcd RHALEPH HHput unit 2, a data

processing section 3, and an output unit 4. The data processing

section 3 includes a difference data detection wunit 31, a false

~correspondence probability computation unit 32, and a false

acceptance probability computation unit 33. Now, the mechanism
and operation of these units will be described one by one.
[0032]

As shown in FIG. 1, the pattern input unit 1 receives pattern

~data 111 representing an input pattern to be recognized. Examples of

the pattern data 111 include image data or voice data about a person.
For example, the person may put his finger on a fingerprint sensor and
input fingerprint image data (the pattern data 111) representing his
fingerprint (the input pattern) to the pattern input unit 1. The
pattern input unit l'analyzes the pattern data 111 and extracts
characteristic quantities of the input pattern. In the case .of
fingerprint recognition, examples of the characteristic quantities

include characteristic points such as endpoints and branch points of




section 3 includes a difference data detection unit

31, a false correspondence probability conputation

unit 32, and a false acceptdBce probability

conputation unit 33. Now, the nechanism and operation

of these units w II be described one by one. [0032]

As shown in FIG the pattern input unit 1 receives
fln}&&t"?éﬂﬁ rérégasnil‘ h@ppétfeam agpatt npdt 1phheerr autpube pattern

nd eccg% d&%xavgqlggﬁ ﬁ}g{%s t eﬂpat t %&,?%gﬁto% flr_érl lgzghgrrgctemsmc
e

unifld] ihefiedenhl Peodtssingide@eidy BNt (the input pattern)
to_the patterninput unit 1. The pattern input unit 1

[O(H}i’dl yzes the pattern data 111 and extracts
ir terlstlc quantities of the input pattern. In the
d(f 5 fimgar poneeptuedgrieworshawiamgl as distribeition of the

char act ristic an ies include char acteri
chipitiEe r&ﬁw@ﬁaﬁopﬁﬁsc%wm pai e o Hox example, the

P aﬁh?ﬂu{iQEé er n char aer%g‘%fpslﬂig 1‘?3% e’%r %ggﬂw%% and as
shdvﬁﬁ%ﬁﬂ[@r‘ﬁ Ofb&f‘%}&'i"érc%h%ﬂcsgb?x%tsq 4antd gjie&ﬁ‘e( bR®racted from

characteristic points) to the erence

thedahegti. orlThenhundbei rbft tlea ctod tR 16 SGIHG ﬁﬁ(thleofhﬁut pattern
. [00331L. FIG 5 is_a conceptual view show ng a
s ﬁ%ﬂ’a%ﬁte&nrwsedreas dhalactiera snaturplamiimbes) of That is, the

rtal t ter For. exanpl e, the pattern data
inp$f; pdferhobnsy %ramcﬁ?rrsﬁwgmata 53 §RapPred Instaags of the

P AR, ST, AT i o
| _chaQ-B@té‘fi’sﬁfd ﬁtdaﬁlﬁ@ié('ft %hgsbg %if?a?:‘ﬂl L?r.r '%o ﬂ?r% e[?.'jxttern input

general ly expresse ura
1uufhbt is, the input pattern has characterrstrc poi nts
to sn9. Instead of the pattern data 111, data
[00 34Lresent|ng this distribution of the

As shown in FIG. 1, the reference pattern input unit 2 receives
reference pattern data 121 representing a reference pattern. The
- reference pattern data 121 is registered in a database in advance. In
authentication of a person, for example when the person inputs an ID
number, the reference pattern data 121 corresponding to the ID
number is provided from the database to the reference pattern input
unit 2. Examples of the reference pattern data 121 include image
data and voice data about a person. The reference pattern input unit
2 analyzes the reference pattern data 121 and extracts characteristic
quantities of the pattern. In the case of fingerprint recognition,
examples of the characteristic gquantities include characteristic points
‘such as endpoints and branch points of fingerprint ridges. The
reference pattern input unit 2 then outputs reference pattern

characterlstlc data 122 representing 1nformat10n on the characteristic




characteristic quantities may be directly input to the
pattern input wunit 1. [00341 As shown in FIG 1, the
reference pattern input unit 13 receives reference
pattern data 121 representing a reference pattern. The
reference pattern data 121 is registered in a database
in advance. In authentication of a person, for

quagitiies chhzaptergetici ppints)ato Ithe diffeeencehdata detection

teferen pattern data 121 corresponding to the ID
unyt, e‘nnggeﬂffbf\ﬂ BEACETBRL IRCtiRM abase to the reference

[O%aﬁ%]t ern input unit 2. Exanples of the reference
pattern data 121 include image data and voice data

abqetGa gergon, &}eégﬁh%{le%swpg%gwggnwdfeﬂ)}%ibuﬁgn of the

anal yzes the reference pattern and rac

chaiweteristic sjuantigienol td esridint befdreinicer patietrd.neFeaskample,
of fingerprint recognition, exanples of the
the hegferencespatteppandata et 2insche sehdingeepiintt dmage data is

' h dpoi d b h [ f
anBliRd o Pik ap Shied ! Thol' I oror Anes GhaRRstRTistpeaints 11 to £4
t f t h teristic.dat . -
ard gy bELu B BRR 50 R P 3 ecn i Bo i i easteriati points in
thegk'éfgr‘etric%spgtﬂﬁ'lf (REACLALYSH {P%i nc:i)ﬁge tﬁ%f%gs?%ce_ characteristic

ifference data detection ‘uni

poiptel és Hergeredty ieapr3ssb@0B35hy (hk & Hatu@atWeRHY!  That is,

view show ng a distribution of the characteristic
thequeferenes pattwrcerhas nrefereneacehpastimisticopoints f1 to fng.

xanple, .the reference pattern data 121 such as . )
Inszﬁﬁggpgr the reigpenss Patterandatacd2hndate sepoesenting this

LG .6, f h teristj. ints .fl to f4 . .
disfeiBiiden Of Hhi ChERH hegdois B aitiies omton b lisestdy, input to
the?gf@}-gnb?eeéﬁ%rh fngheﬂw&elipﬁt.tern (hereafter referred

O as re ence chdracteristic points) is generally
[0088)ressed as of (nf is a natural nunber). That is,

the reference pattern has reference characteristic

poAst shewn on f . 1, the difference data detection unit 31 receives

the pattern characteristic data 112 and the reference pattern
characteristic data 122 from the pattern input unit 1 and the reference
pattern input unit 2 respectively. The difference data detection unit
31 compares the pattern characteristic data 112 and the reference
pattern characteristic data 122 to check the correspohdence- between
‘the characteristic points sl to sns and the reference characteristic
points f1 to fng.

[0037]

FIG. 7 is a diagram superimposing FIGS. 5 and 6 to conceptually
illustrate determination of the correspondence between the
characteristic points by the difference data detection unit 31. In FIG.
 7,' circles depicted by dotted lines indicate predetermined ranges
* (reference ranges) containing the reference characteristic points fl to

{4 respectively. The difference data detection unit 31 refers to the




Instead of the reference pattern data 121, data
representing this distribution of the characteristic
quantities may be directly ibfgut to the reference
"pattern input unit 2. [0036] As shown in FIG 1, the
di fference data detection unit 31 receives the
attern characteristic data 112 and the reference
reipuenee ranges,aaner ibtd chdatatePtic pointieipatithin a reference

i nput, uniit 1 and the reference pattern input unit 2
rar}%ﬁ‘sp@cﬁi%mmﬁﬁeﬂaﬂ ftglrlé rReterasiieRody and thglreference
characteristic data 112

.t he. . h
chigBPERH oiRRelh tBiS PREPEN RS etad ZoTsdyt HecRach other.
In W SO ASROARGEHRINTRA HHE ERBEFCAHIAE! SoRlA R35and the

sl" to $n9 and the reference characteristic

referehed .cHORRtbridtié polntsfB, dhageRar SeRATEHTB0SOIIE s2 and the
FIGS. 5 and 6 to conceptually illustrate

refeiet reavichmiamtenistih@aint rés pandebhe deaveeteridtéc point s3 and
characteristic points by the difference data detection

theynreteyencen ghagacterisdi¢ cp@ingediSct eerneppand: etp | eash other,

resBfLSR1F, 0 OB PRI sebbBPEERAE P ANES hndreforence
chalrhctEsResd | ﬁsi%ﬁ Thee dhLienenGe P@mrg&t 26U I “Wrredbonding
refers to the reference ranges, and if a

chaghategiseid pbigtvint is within a reference range, it
determ nes that this characteristic point and the

[00B8ference characteristic point in this reference

rag‘gancorre,spond to each aother. In FIG 7, it is )
de i n8d Ishaf teenesniftal eviewi cshewings| thed aorsesponding

e O355SO RS PR SR g A AL, s, e
_ ey . .

o SR ST B LR BB DB BB o, ce2
and es¥Ct Bigliarihesike CRif28RRBAHAGtENRT REL eEhfdd Corresponding

poi nts and reference characteristic points are

chalrecterfistic r gfented tfi,ascf2or raasdponciiy The corresponding
characteristic points csl1, ¢s2, and ¢s3 correspond to the corresponding
characteristic points cfl, cf2, and cf3 respectively. Then, the
difference data detection unit 31 computes the differences in physical
quantity for the pairs of corresponding characteristic points. For
example, the difference data detection ﬁnit 31 computes the distance
dl between the correspondiﬁg characteristic points csl and cfl, the
distance d2 between the corresponding characteristic points c¢s2 and
cf2, and the distance d3 between the corresponding characteristic
points ¢s3 and cf3.
[0039]

The number of pairs of corresponding characteristic points in the
~ input pattern and the reference pattern is generally expressed as n (n
.is a natural number). That is, the input pattern has corresponding

characteristic points csl to ¢sn, and the reference pattern has




characteristic points.” [00381 FIG 8 is a conceptual

vi ew showi ng the corresponding characteristic points

determined in FIG 7. As shobd in FIG 8, the input

pattern has three correspondi ng characteristic points

csl, cs2, and cs3. Simlarly, the reference pattern

has three corresponding characteristic points cfl,
corgggpondingf GhafFaeterosties poimtangflcharcfit.er The diffsrense data

csl, cs2,. a s3 correspond to {. correspondi . .
detggkion tatites fcﬁw rﬂcgﬂm%?sc#@ dfa?a‘(e@reflgeﬁ bda irgiguly.physwal
T h ifferencepsdata detect.ion ynit 31 ¢ ut es
qugnty, 1P, theopHif oRE CPRBreBiiing  Hisactes P, bofpts and
fmgi{] rj ' Qi . r e lie 3:
gerg%a][tgﬁ,gnce ggctla ge‘%ﬁ%e?ido%ttahg?ito ‘35@6#%%& es’ ;%EISP ifidiéd¥ing the

différenheese ’Bhebeﬁ?ﬁendﬂf@réﬁéé edapndDAgis bl fiC P elseaiting an
points csl and cfl, the distance d2 between the

n-déorerssipoadivertohar areekampleydibet diffefemes dathodetadion unit
t he di stance d3_ between the correspondi ng )
31 cepmputes dhee disdameescgbl atel 3 betopeen thee ¢nmssponding

irs. of cogresodin charagcteristic points i

h Qf, RaLI the, . ..

chatasheriskic Maitkn hdor 67, BRde A SETRSPERGIRE, Ghapacteristic

poifXRIAISHs 28 feddbetively NALh e RUERSY findinift tdiBenition,
S S cha rsti

I'nput “pattern cor r €spondi nNg racte ¢ poi nt

thecdiffepeisd da2d detectidieigiite3 Pahias’ BoRAsutd the differences of
correspondi ng characteristic points cfl to cfn. The

thedi fdieeetiomnsdated dhgerprimtunittidgést hah cesplt escdriresponding

differences dl to dg in physical ,  quantity_ for the
chagacterigticc pointponding) diktersacer data detadtien awgit 31 outputs

aifilRRReE, fR dd. soehadighEbe e fifferonpe iditan Dy difpted as
bl b TSR Pl IR OGBS fon 22 oo
FI%’SWS;S?W%HB’?%E(% diffefeflee PAREEEN 3NEncludes the input
difference data Di, the number of the corresponding characteristic
| points n, the number of the characteristic points in the input pattern
ns, and the number of the reference characteristic points nf.

{0040]

Then, as shown in FIG. 1, the false correspondence probability
computation unit 32 receives the difference data 131 from the
difference data detection unit 31 and computes a false correspondence
probabﬂity Prcr. The false correspondence probability Prcr is the
probability of existence of another reference pattern that has a greater
number of corresponding characteristic points to the input pattern
than the above-described number of the corresponding characteristic
~points n. That is, the false correspondence probability Prcr indicates
the probability of m>n, wherein the number of corresponding
characteristic poirits between the input pattern being recognized and

the refe_rence pattern being recognized is n as described above, and the




characteristic points csl to can and the correspondi ng
characteristic points cfl to cfn respectively. In the

case of fingerprint recognitilén, the difference data
detection unit 31 nmay conpute the differences of the
directions of fingerprint ridges at each correspondi ng

_ characteristic points. The difference data detection

nugrber 3af ocoynetspordlinerdromadersti®lpomtadbegvebr the input

n ut difference data D d tecte?ﬁﬁe above to the
pa t§|1f§le %W%s;r@ﬁegﬁé@%r i angthegnpreteresseurpattezn is m.

GopRERlgos RReBIRREE HiY {BPEMRE cof coostospRadiikpshitgpcteristic
4 t
potfi8, BEYRER B BethBras ‘ﬁﬁaé* PRESr I 5 G, MHBHEE match
rai@nthé beonpabisrf hhke. reference characteristic points
(0040 Then, as shown in FIG 1, the false
[OQﬁdr]r espondence probability conputation unit 32

re ives the dlﬁ rence data 131 fromthe difference
dat Qjéltvéa egnobikhe ehawe@mﬁpgtmr@wm dhe input pattern ns,

the S pREREERRERES #3%5%?:4' %SEE%%‘%J Print Sy ama thg ngpmber of
theexbéltl%'%f)%rr]l‘&i nél%')%ﬁgﬁ“aﬁféﬁgﬁ%c *‘In A thad tiﬁ‘%v"i‘ded by the

greater correspond Yar Bct 877 s&'¢ poI
differeilte 484193t H¥M t}iéraﬂfféiexﬁleoaetaeaerémgnnﬁﬂwm The
of the corresponding characteristic points n.
probability ftdiste chareepmridtnc eppintsabite t ¥aRRIR determlned as
i ndicates the probability of npn, wherein the nunber
COTEeSRANE HEp SRk Ach Octh@r"dmfe’reemrdiffmremtspaetamnla pepressed as
d and refeyrence

p. pgfﬁésr ﬁgtbtég Laeggien meﬁed g V%@ceeeyﬁ &S aBgv@ RFRliminary
exptbel}?mje%tnu@ﬁﬁ thceoﬁ %p&ﬁqjeggﬁg;%é%m ﬁrtc'?@ébg]ﬁg{? P& between

ween 't he nput tern
theal10h e {186 PHCARA Pﬁétx%ffﬁréﬁcén ateePA’ &l biveh the following
greater the nunber of correspondl ng charadcteris
formailat k. bet ween two patterns under conparison is, the
[OOhI ?her match rate the two patterns have.

o) 0t F(l—ns +1)1‘[1—nI +I)

mining.n 1Y p

Pecg =D e =L ()
5

~ ke, ~ k! [ IJI{lwns—nf+k+lJ
p J{p

[0043]

Then, the false correspondence probability computation unit 32
outputs false correspondence probability data 132 indicating the
computed false correspondence probability Prcr, as well as the
~ difference data 131, to the false acceptance probability computation
_ unit 33.

[0044]
As shown in FIG. 1, the false acceptence probability computation

unit 33 receives the difference data 131 and the false correspondence




[00411 The nunber of the characteristic points in the

i nput pattern ns, the nunber of the reference

characteristic points nf, and7he nunber of the

correspondi ng characteristic points n are provi ded by

the difference data 131 fromthe difference data

detection unit 31. The probability that )
prohabidtiver detac p32ntfromr e thel stdlpedatcawrsspeddance probability

~_correspondi ng tq each other between different patterns ]
¢°m§‘%§%§f%%s‘éagta§q2p Tk Eal% JECEPRINER PROBAVHAGE GERutation
y. relim Vi [ . cJhen, the false oy -
unft s 3 e BB uRE . B PR TRk fR e B aics Rpgability Pens
defRabHei® JaRdridial beigkence pattern is given by the
following forrmula 1. [00421 PFCR = r1ns+1Jr[i-n; +1~
[00di5] (ns.n,) PP k=n k!(n s -k)!(nj -k)! r(1+1DL 1'-ns

-nf _+k+1 "P_[00431 Then, the false correspondence
pr ddwiinpwy ddferearns datadi =3&d budput s, Hal)seomputed from the

disERRBHIEH PhI Gae CorTESPORILRES PeoBgheTIStis MRORtsabetween the
o 88 O FROSER A A 15, PO ppern beins
recdgntheUT4 G g ohil 0o 265SP! IGE PBRAM o daca
obtamethbabkatlsencthe edpanilertionl 6f n corresponding characteristic
points between the input pattern being recognized and another
‘reference pattern is referred to as a candidate difference data Ds.
This candidate difference data Ds is also data representing an
n-dimensional vector. Then, the preliminary false acceptance
probability Pprr is the probability that a "quantity" based on the
candidate difference data Ds is smaller than a "quantity" based on the
input difference data Di. An example of the quantity is the
"‘magnitude (norm)." In that case, the preliminary false acceptance
probability Ppre means the probability that the norm of the candidate
difference data Ds is smaller than the norm of the input difference
data Di. The "quantity" depends on models described below.
[0046]

Now, the technique of computing a false acceptance probability
Prar by the false acceptance probability computation unit 33 will be
described in more detail. A probability density function (distribution
function) of the above-described candidate difference data Ds is
expressed as p(Ds). The p(Ds) is determined in advance by a
preliminary experiment or assumed to conform to a wuniform
~distribution model. A set of candidate difference data Ds whose

"quantity" is smaller than the "quantity" based on the input difference




probability data 132 fromthe fal se correspondence
probability conputation unit 32. The fal se acceptance
probability conputation unitl&83 then conputes a
prelimnary fal se acceptance probability PPRE defined
as descri bed bel ow. [00451 The input difference data
uted fromthe  distribution

.daE'q Qhés sme%eﬂacﬂ%g?ﬁa o Tthan sthe pyelminawst false apeeptance

profPBH R ‘gsganﬁ‘i%%”' RSt gRa ToGeence pattern
is %RI ghﬁléilf{,ﬂ HARGerSat 81 OF tal ned based on the
stributi ? g

on o orresponding characteristic points
[00ETIween t he i nput pattern being recognized and anot her
reference pattern is referred to as a candi date

d| fIf erenc gﬁ Th| s candidate difference data Ds
d eprese tlng an n-di nensi onal vector.
Then R& prel imnary false accept ance probab| lity

[0081 E |s the probability that a "quantity" based on the
didate difference data Ds is smaller than a

n i e t
el KA PRECIGN & 1€ o R ChREGIERARIE, Brof 2 model
of thetalseseméneioe] iset 'R(El)f al pe | @GrRRIARAChere that the input
probabil ity PPRE nmeans the probability that the norm
diffsfreptve datdi Datie a divfd-elianmesidaizd Bsclior, Svm| IR =t k@b, d2). In
he normof the input difference data Di . The

FI¢ qé?a et ymaeépéndg oormiieot thestiffarsmceclatn is eokgated as the

abop eoi‘}é%ﬁl tec B&th%ﬁgégag}af al Sﬁéﬁsée léyggﬁqe,stgandldate

SEANTD U0 B r5 SR PRSP he i
differeeiceodlatal Dhe ghaye- @ﬁécebbeﬂ4ﬁﬁmﬁﬁﬂ§éﬁﬁ%afB&eEBe shaded

data Ds is expressed as
circieiaer areadin thadfignee. byThe wrebalvilitar deaxpsy farotiodr p(Ds) of

., assuned to conformto a uniform
the candidate difference data Ds is determined by a preliminary

experiment. Alternatively, it is assumed that the probability density
function p(Ds) is uniform. In this case, the preliminary false
acceptance probability Pere is equal to the size of the circular area.
[0049]

FIG. 10 is a graph that conceptually shows another model of the
above-mentioned set R(Di). In FIG. 10, the "product of components"

of the difference data is adopted as the above-mentioned "quantity."

~ That is, the product of components of candidate difference data Ds

included in the set R(Di) is smaller than the product did2 of the
-components of the input difference data Di. Thus, the set R(Di) is
defin.ed by the shaded area in the figure. It is assumed here that the
probability density function p(Ds) is uniform and all components of the
candidate difference data Ds are withiﬁ the range of [0,1]. When the

preliminary false acceptance probability Pprr in this case is expressed




di stribution nodel. A set of candidate difference data
Ds whose "quantity" is smaller than the "quantity"
based on the input differenc@918 data Di is expressed
as R(Di). Then, the prelimnary fal se acceptance
probability PPRE between the input pattern and the
reference pattern is given by the follow ng formla

as P, [0t Dre ary fabs¢ accep2inbPeRimyDahildd8P: Foeiven by the
xanpl e, FlI 9 is a graph that conceptually shows a

fOIﬁ%ﬂ’dlﬁg ZWRUHSaa%We‘erenti oned set R(Di). It is assuned

[O({b\me that the input difference data D is a

-di nensi onal vector, i.e., D = (dl, d2). In FG
9, the "magnitude (norm" of the difference data is

add@&@ﬂwdgﬁiik abovedwgny.i ased "qua@ity.” That is,

the set R(Di )“¥rctides candidate difference data Ds
whose normis snaller than the norm of the input

[00&i¥lf er ence data Di. Thus, the set R(Di) is defined by
the shaded circular area in the figure. The

pr bility_ ity flnctjon.p{Ds) of,, . the candidate
di ﬁf ﬂ’é’ﬁgeyﬁ _IE_S%S 'p§_ _'{Q%ﬁned by a(ﬂ:)’r elimnary
. experinment. ternativély, it is assuned that the
il [ funet.i DSh4f unjform In

whERTheE bt RN 4 L E RO = e Tl e
[o0B2dbabi lity PPRE is equal to the size of the circular,

area. [00491 FIG 10 is a graph that conceptually

shdlléx ahbtibex gragd thhttdunceptandlyrehoiwanetils emdRbldr) model of

In FIG 10, .the "product of conponents" of the
thegpbpaeementionad; setadtiddidd da tH& abdy dheeficommanents” of the

it AEr oo MEtet ob AR SO COTERIENE 8 o T i,
o il 5 O RSORS00, T Piyded g the ot
R(DHtisRéMalld® than the corresponding one of the components d1 and
d2 of the input difference data Di. Thus, the set R(Di) is defined by
the shaded rectangular area in the figure. The probability density
function p{Ds) of the candidate difference data is deterinined by a
preliminary experiment. Alternatively, it is assumed that the
- probability density function p(Ds) is uniform. In this case, the
preliminary false acceptance probability Ppgg is eqﬁal to the size of the
| recfangular area.
[0053] |

FIG. 12 is a graph that conceptually shows a still another model
of the above-described set R(Di). In FIG. 12, the set R(Di) includes
the set R(Di) shown in FIG. 11. The set R(Di) further includes the set
R(Di') determined in the same manner as in FIG. 11, wherein Di' = (d2,

d1), i.e., data resulting from rearranging the components of the input

. difference data Di. That is, each component of candidate difference

data Ds included in the set R(Di) is smaller than the corresponding




defined by the shaded area in the figure. It is

assuned here that the probability density function

p(Ds) is uniformand all confiBnents of the candidate

difference data Ds are within the range of [0,11. Wen

the prelimnary false acceptance probability PPRE in

this case is expressed 19 as P1, the prelimnary false
Comﬁéﬁmﬁr@fetbﬁ dmaiit dtﬁfemncs dgiteePibyr the aboveulkisegibed data

Di ! Or’fg}ls %bggﬁ?t #ﬁgs is dgglﬂﬂd—by(i}ﬁ;]shé}ql% Xéizqua ?n the figure.

ThlS \§éﬁ)l%(D§)k &) 'Jf_g%:'t}v%}he 8'{18622j:ﬁ§r@3teﬂs% goa}%have similar
nattlh%t s‘iﬁﬂ?ﬁ@tﬁ*@{:flé c%t@%‘(’%f ?K‘l@&'p?ﬁg ﬁ%ité‘ﬂﬂs‘e I 9 is bRSumed here

above- nenti oned set
thatcothponerbbability helerdiity efaneeistat p(Ds) adeptienifesnt hand all
above- nenti oned guantlty " That is, each conponent
congponants efttdedcandidate diffene Bee idatiauBedate withindthe range of
ng one of the

Ier t han the correspon
lo, ﬁorrptfné%t eErssymest theé, imben &?‘Pf@@ﬁ@@%adb to dn of

T t de db
they iput SRS, b R Rrgurer ¥ di Prian; 71 mpaenitude, they
haWeeRb el bsnrt on | R D). of IHPEI capgndais: ot bl SEENFST number).
data is determ ned by a |mnry experi men

‘Whalt ehegsrelahynairy ﬂaﬂsé%ﬂ@@ah'&@tpf(ﬂﬁabﬂit@,b%!aklﬂﬂ this case is
density function p(Ds) is uniform In this case, the

exppeesedi aar §af d:lhsae redepinace fﬂlﬂbahcbept/aﬂEREprsb&hﬂwy Ps is

. to,the si of rectangul ar area. [0053] FIG 12
given by hﬁﬁzﬁﬁﬂ’fﬂ cla @y shows a still another
[00BRfe

Py(dyynd,)=nt ["dx, ... ['dx, (5

[0055]

The preliminary false acceptance probability P2 is also given by
the following recursion formulas 6 to 8. |
[0056]

P,(d,,d,...d, )=n!C, w(6)

-{0057]

(—-1)k"—1-c d (7)

Co=1 ...(8)

Once the preliminary false acceptance probability Ppse is
- computed in this manner, the false acceptance probability computation
~unit 33 integrates this preliminary false acceptance probability Pprg

~and the false correspondence probability Prcr from the false




of the above-described set R(Di). In FIG 12, the set

R(Di) includes the set R(Di) shown in FIG 11. The

set R(Di) further includes tB& set R(D ') detern ned

in the sane manner as in FIG 11, wherein D' = (d2,

dl), i.e., data resulting fromrearranging the

conponents of the input difference data Di. That is,
corggspovstgmeenrobabdaty cdatputhtibarenite 32dat finzdly compute the

£ 1i ncluded in the ﬁeg,R(Di is spaller than the
algsra GeyP?6PabHpbhdmaref ¥ RE expupla; therfalee acceptance

| i -desgri hed d Di'..Thus,, th
Prd¥{Bilds eobiGuliiS BT I5hAaaPates ithe nedlppgipeeptance
proSBISS: L) b SEATH 08D, BT RE) BB, fcceptance

prdbaigidityr Pake Rald ¢hBfalsd chbfreHiSanBEnbE PR obhlbatity gﬁ* r together.
3( bs) all

probability density function iI's uni form an
Theofplsecmcseptanbe peobiabidity didheueacdangitDg3athen outputs
within the range of [0,11. It is further assuned
falge Aaccaptanaenorobapolityt data 133dindfcatime thmpuomputed false
di fference .data. Diare sqrted jn order of magnitude,
ac%eﬁéﬁncﬁmh%@téﬁ BF%F\O& n@uﬁpuku.n.l.t 4. _<g| d2' | <
[oo#o] | (n" is a natural nunber). \Wen the prelimnary
- fal'se acceptance probability PPRE in this case is

exXLSslkewas 12, FIlE Ar ek 351 ’tﬁiﬁbﬁ | §RiACEER 8dfes_ the false

probability P2 is given the“toll omng fornula
accep0ante pPrébiability datanl88xfrom . tHefalsd @@eégtahee probability
prelimnary fal se acceptance probability P2 is also
comgpybation urHé 3dndicutpedsuresolt flataul 4t ihdioaing the false
accggggg%e 5%Sga%ﬁ1ty ’ ﬂ'ﬁ‘%;m (;Il‘h'e' i'((egl)11t [doa%zt?]lzﬁ C:'f.tl(z;iok mégns the
security strength of the pattern recognition system 10 and the
evaluation value for the pattern besides the false acceptance
probability of the pattern recognition result.
[0061]

The false acceptance probability computation unit 33 may be
connected to both the difference data detection unit 31 and the false
éorrespondence probability computation unit 32. In that case, the
difference data detection unit 31 provides the difference data 131 to
- both the false correspondence probability computation unit 32 and the
false acceptance probability computation wunit 33. The false
correspondence probability comﬁut’ation unit 32 provides only the false
correspondence probability data 132 to the false acceptance probability
computation unit 33.
~ [0062]

The above-described processing in the data processing section 3

may be performed by a computer. That is, the processing in the

difference data detection unit 31, the false correspondence probability




Gl k! k=1 [00581 Co=1 (8) [00591 Once the
prelimnary fal se acceptance probability PPRE is
conputed in this manner, the 22l se accept ance
probability conputation wunit 33 integrates this
prelimnary fal se acceptance probability PPRE and the
fal se correspondence probability PFCR fromthe false
compyiatienpantede apdbbhbiflblsg axweptance @ramittilidy ¢camputation
f.inally conpute the false acceptance probability
unﬂ»sz%.% ﬂY-Sore Fpridten nas &) eRHEs: RESETaRY Gsi exequted by a
cofif tion unit 33 conputes the fal se acceptance
probabi'lity PFAR by nultiplying the prelimnary false
[0@&8Ept ance probability PPRE and the false
correspondence probability PFCR together. The false
accEp&ange ipr abdlowehirtoghviwahigortheidu@ddn &fenof the pattern
outputs false acceptance probability data 133
re¢ognidzon ngethedcanpendisr g dbsthe direpeantedimebibof ithe present

. PFAtho Lfle utput unit 4._[0060]. .As, shown in FIG 1, -,
INYGRUGH: puk 1454 the patksxrdata Fll de inpudepe dhe pattern input

- unlf A 0] 80"ttt hsn O rend Haftt dRRaPEoRoumit 81 detects
i . | . f t -t ..
e EhoorABR 1900 Pelaf B fho BARRI AR AR duantities

of sheepgtieref dubs DEIL taid flaseefbtdnn pyrstem Mutand Ihéstep S2).
eval uation value for the pattern besides the false
Thecdifferemes datebdBill inglwdes Hhepantmberref ohairtcberistic points
- result. [[0061] The false acceptance probability )
(ns) oy Jtigt iBRUGPattEEDIhe aumheteof chataderistit@oints (nf) in

' [ j he f al. _
t_hed'f'éf%rrgﬂ%g %a::ltt%exdxit e CRuilbér 3¢ aggrrtesgon ing characteristic

points (n), and the input diffefence data Di = (d1, ..., dn). Then, the
false correspondence probability computation unit 32 receives the
‘difference data 131 and computes the false correspondence probability
Prcr based on the difference data 131 (step S3). Then, the false
acceptance probability computation unit 33 receives the difference
data 131 and computes the preliminary false acceptance probability
Peri based on the difference data 131 (step S4). The false acceptance
probability computation unit 33 also computes the false acceptance
_probability Prar using the computed false correspondence probability
. Prcr and the computed preliminary false acceptance probability Ppre
(step S5). Then, data indicating the false acceptance probability Pragr
is output from the output unit 4 (step S6).
[0064]
| Advantages of the pattern recognition method, system and
program according to this embodiment are as follows. The pattern
recognition system 10 according to the preseht invention includes the

. false correspondence probability computation unit 32 and the false




correspondence probability conputation unit 32. In

that case, the difference data detection unit 31

provides the difference data2B1 to both the fal se

correspondence probability conputation unit 32 and the

fal se acceptance probability conputation unit 33. The

fal se correspondence probability conputation unit 32
acpepianes onibahibidyf ebseputahions pontiedize aprbbmm putys the false

data 132 to als accept ance probabilit
ac?: @i 6’1’?0&?@1%( iligy. Pnosopasede apov @e§@¥sebe§orrespondence

o BRIBATRL %) t?:ﬁbﬁftpicﬁr W Eglﬁséﬁéééé’rﬂa@gyfg RloBability Pers.
TS ke gielEhel YRS 5" citlputihe | Bfel Bl acqeptance

probebilatys Praccit e enprabpltidriny aadnihié defefentdifatdérn. The
is each witten as a conputer program and executed by

false wowpapendeim@sptobability? Prsraist theghalialshityi of) exbstence of
' iurrmary of fhe pattern recognition nmethod according
rge” pumbernpbdeperespanding pehasactenstisntaints  than the

nu%‘fﬁ of AorPehp ShiE Sharaeletisil hokRis dhce higapreliminary
falgétzf‘cg:'ég) n%@'%r&}agﬁgﬁcﬁﬁgcger Sﬁr%%%%‘iﬁt?aﬁ?atlg’&? 'quantity”

bas alrs o C quantrties

basdie pat titie) gahdiddfe aggffbhenéef gneacpatd e%ﬁzé’ﬁéﬁ than the
112 (step S2). The difference data 131 includes the

quamhby" dasdrhract thé smiputpaiiffesencosiata Dhie |Euaatnples of the
tern, 6ﬂg‘_&enurrber of character| sti cdgﬁcl nts (nf) in
q‘%%tlp.‘éféﬁ paetrern ehthediberesceatataspondi ng
[Ooﬁr acteristic points (n), and the input difference
= (d1, ..., dn). Then, the false

e AT T —
inviealt36n COs ERANGRIEREE FRTRD AUkt ANCETHRObABAPPEIL based not
di fference data 131 (step S3) the fals
only on the preliminary false acceptance probablhty PPRE but also on
the false correspondence probability Prcr. That is, the number of
corresponding characteristic points n is taken into consideration in
computing the false acceptance probabiiity Prar. As apparent from
the formulas 1 and 5, the greater the number of corresponding
characteristic points n is, the smaller the computed false acceptance -
probability Prar is. This increases the reliability of the system. |
[0066] |
Furthermore, in the cases such as identifying a fingerprint or
recognizing an object outdoors, the characteristic quantities of the
patterns have almost similar nature. In such cases, the model shown
.in FIG. 12 is effective. That is, the data Di' resulting from
- rearranging the components of the input difference data Di is also

~used to compute the preliminary false acceptance probability Pere.

'_Specifically, the preliminary false acceptance probability Ppre is




acceptance probability conputation unit 33 receives

the difference data 131 and conputes the prelimnary

fal se acceptance probability 28PRE based on the

di fference data 131 (step $S4). The fal se acceptance
probability conputation unit 33 al so conputes the

fal se acceptance probability PFAR using the conputed

- compyted ors edporpeotzabiditobdbiati epchPEGR ponenheof the candidate

FRTRA S w1k el EEB Ehecehoadtnaciphanpant of tho
. Flity P i tputfromthe.output, Uit 4o .

B8 APk, 1RGP RbURMINS QAR DY, “This further
inERCPHY thena pRLAAY, iﬁy§§>§{ﬂtgﬂ\;\igg %ngsﬂgba&&@éﬂd}ﬂzet Brobability

thi s enbodi nent ar‘e as e pattern

Prmecogni tion system 10 according to the present
inVﬁntion i ncludes the false correspondence
[0@8%habi ity conputation unit 32 and the fal se 23

acceptance probahility copputation unit 33, and _
conbut dSdEDTa mg@gﬁgﬂw sty | ifupobiar p{fs) of the
. f e _corrgspongence rnobabi |l ity PFCR.and the, . .

cafiflidafe Betsele. 38R0HR I anBHBESD: Wi b fokiny iStribution
fuh&GHAas PN Ryt | iti
uaccept aﬁglelwg’ro a iSI ?%is %IE%%HP gr b?%tetfpﬁpﬁ?é ?Z%tttg%’ﬁ e gnition
syéteenrdference pattern. The false correspondence

robability PFCR is the probability of existence of a
[0 @8]ger nunber of correspondi ng characteristic points

t han e unber .of correspondi ng characteristic
(Swnﬂg}ﬁb(’%ﬂ@%fél imnary false acceptance

iloity PPRE,i S-th bility that the,,
PoERH 81 ahliek HideRalt Shaviaet 5o Belnatiames the pattern

. o o o Lap

redByBERL Sy B0 {0ong 0 Yo )M ehe precen

inverctivgde the FGMDT ol AHdier sneelHats. tho98Showhein FIG. 1
pattern recognition system 10 according to the present

ar¢ rgizen thecoame exfehental sansmcdp: ancd thobddddripfion thereof

- ..PEAR based_ not )
will be omitted as appropriate.

- [0069]

In FIG. 3, the pattern recognition system 10a includes a pattern

input unit 1, a reference patt.e.rn input unit 2, a data processing
~section 3a, an output unit 4a, and a permissible false acceptance
probability input unit 5. The data processing section 3a includes a
difference data detection unit 81, a false correspondence probability
computation unit 32, a false acceptance probability computation unit
33, and an identity determination unit 34.
~ [oo70]

In this embodiment, the false acceptance probability compu.tation
unit 33 outputs the false acceptance probability data 133 indicating
the computed false acceptance probability Prar to the identity

‘determination unit 34. The permissible false acceptance probability




only on the prelimnary fal se acceptance probability
PPRE but also on the false correspondence probabili
PFCR. That is, the nunber of 2&orrespondi ng
characteristic points nis taken into consideration in
conmputing the fal se acceptance probability PFAR As

. apparent _from the fornulas 1 and 5, the greater the

INpUfBERLtop euinetppeadmigsikdeafalseendcaritansei ptababilsty data 151

. the ,small er the.canput fal se accept ance rQbabilit

inf4RATTE, arr ST DLS o o AePRBICRL probaprktey Beast to the

. 1 r , et casfs such as .jdenti,fyin

Q4PAR0 AUERNSEINGS ol U8, Co30% SSRGS fceptance
Dt i s ChATeas _

prébabaAst eI PsE AL i84AR! Filke a%?fﬁ%@%rggﬁ%éhggﬁmﬁ%%d by the

: simlar nature. In such case
sy#le@n, 12.] shefthaeshobd fdhatatiternt Feogatition.’ resul ting
fr rearrangi ng the conponents of the input
[0QftkFerence data Di is also used to compute the

prelj mnary .fal se acceptance probability PPRE.
Spthf’i Ii/tyl,gyt

ty

eE P AHLOA r Y1t i Bde rae@izgss e false acceptance
il PRRE i onput ed t robabi,l it .

prOf BT i TR, kB P OB S (e P! PR Ew haprobability
d 151S e h i “rale] : :

e L o AR W I ARTR BBl atif unit 33

- andi 'thd@hipefiddible falyecanesepbanasc mﬂiﬁtgowwg unit 5

the fal se acceptance probability PFAR [0067 In
resprditively. t Aheriskeattity t dettamingtfomonnrn 34 Bemwfdetermines
thﬁ candi gaie di fference dat% Ds.is nodeled with a
whether, thei dalseaqesptangacpirehabrlity Padaces smaller than the

T MR N R S -
prof¥IING PEANT{OWALIRG FhdhethBalefissible false acceptance
probability Pprar, the identity determination unit 34 determines that
the input pattern and the reference pattern are identical. If the false
~acceptance probability Prar is larger than the permissible false
acceptance probability Pprag, the identity determination unit 34 does
not determine that the input pattern and the reference pattern are
identical. The identity determination unit 34 outputs determination
result data 134 indicating this determination result to the output unit
4a. |
[0072]

The output unit 4a receives the determination result data 134
from the identity determination unit 34 and 6utputs output data 142
based on the determination result. For example, when the pattern
recognition system 10a is applied to a door control, a door is controlled
to open according to the output data 142. When the pattern
_i'ecognition system 10a is applied to an ATM of a bank, an operation

by a customer is accepted or rejected according to the output data 142.




recognition systemaccording to a second enbodi nent of
the present invention. In FIG 3, conponents sinilar
to those shown in FIG 1 are&6given the sanme reference
nuneral s, and the description thereof w Il be omtted
as appropriate. [00691 In FIG 3, the pattern
recognition system 10a i ncludes a pattern input unit

Examplesod, the oatdersr dataplll what 2s impdst 4o pilee editeyn input
section.3a, an output unit , and a perm.ssible.fal se

unéﬁc‘é’ﬁ?‘éﬂ‘éeimﬁlg&bgﬁgﬁi ag’ompfﬁe uﬁ‘ﬂ%toé?eﬁ"rﬁefldlﬁe&‘mma Tace, and

iriQrocessing section 3a includes a difference data

: etection unit 31, a false correspondence probability

[o®mgput ati on unit 32, a false acceptance probability
conputation unit 33, and an identity determ nation
uniFoB4xdmpie] whent hi foerbliditrgrsonld iddmskfication number
acceptance probability conputation unit 33 outputs ]

(PIIN2 15 a1sndl fox apttheadigntibabef at perkom 238 dondiwent ipupctice, the

t;h onputed. fal se, accept ance, prpbability PFAR to the

- Pr?‘bﬁi’i’@}%@gc’% alss AULBERGIC PR ok thenw sheryi Gerspéterareferred to

_ e : k14t i,npu i t ut gut s ¢.-

as RECREANARY HeEPARE) o¥ 0, BB Tindtt (B Brkjeve the same
b e AtirBE o BHPEE LSS | 880266 | lddobrdi

5¢ PPF&' to tﬁgh iﬁ%ent [ ??tggfgrlsnﬁlecn [ gﬁhg%tggﬁﬁ% dctc‘()rdmg to

thepeprdsesitbliaveatim addeptpnesisbbbafiilbet ¥cbEFRhes prebability
fal se acceptance probability permtted by the system

Prraremay the skt dohohe tem-thasemditecodhius, othe eoTissible false

 accxilapcandeopontE | Prsaalbha sdbanahoid) pditacaly brecans the
e, ARERICER, AR IPAAAY, S i 5L L Beoptanco
praLEy il ag MESEELANE BAC0UL LNl AR P it
~ proteseing sestion 3a. '
 [0074]
| The above-described processing in the data processing section 3a
may be performed by a computer. That is, the processing in the
difference data detection unit 31, the false correspondence probability
computation unit 32, the false acceptance probability computation unit
33, and the identity determination unit 34 is each written as a
computer program and executed by a computer.
00751 |
FIG. 4 is a flowchart showing the summary of the pattern
recognition method according to the second embodiment of the present
ivention. First, the pattern data 111 is input to the pattern input
unit 1 (step S1). Then, the difference data detection unit 31 detects
the difference data 131 based on the pairs of characteristic quantities
of the pattern data 111 and the reference pattern data 112 (step S2)..

Then, the false correspondence probability computation unit 32




whet her the fal se acceptance probability PFAR is
smal l er than the permssible false acceptance
probability PPFAR |f the fal&k acceptance
probability PFAR is smaller than the perm ssible fal se
acceptance probability PPFAR, the identity
determnation, unit 34 determ nes that the input
reepvesr nthed tdidferengeenctatsat t b3h arad desnmpaites| f the false

t he fal t babi | i PEAR i S..] th
corg g BrabrEE Hrcdchesed o rbs bitforspispaale 181 (step
he ‘i q . . . o _
3} e, THRRS | o AR AR el btiREy DRI ERRRGEY Sonit 53
rededoBsi tlad .diffiared@ntiaty U8 ehHdN_bhAsuLEY ti:h%4g9@li%fr§ary false
determnation result data 134 indicating thi
acehgttamndenprobabilét Prri:cb 4 ded aut phe différende. db0A7EIL (step S4).

The output unit 4a receives the determ nation result
Thgatalsezacceptamen orahahility ¢ompuiationonnihi 3334lsngomputes

LR SR St RanRRE  Fimeereinee iy Gemputed false
i i t t | i.S .

cors$AbBRFPIRe' PeBRbiick torf R0 R0 hpptedoftslibiary falue

accf?ﬁ%%ﬂe PabbabilityeC PPkt | ¢8terySten). 10a it appl I8 t Qdentity

\TM of "a bank, ‘an operation” by a custoner is
detareepiatdonr wejte 34 dcopgriis'adHe pEEmoysible dalge 14deceptance
26 Exanples of the pattern data 111 that is input to
prahedididyt Berak rgnd theicomputbed efsl segeogptameoptrobability Prar
ustoner's fingerprint, face, and iris, [[0073]_ For,
to @ﬁg%r&rlél}em tHer e dalia aseepbaace inyohatilidy Pear is smaller

eha RS A AHEGl Eo BUARERLL FAHIRRy oS85, The
outpith@nta ciaf2 S?ﬁ)c}iésb%ﬂriggg?‘g%%ﬁh%ﬁ&ﬁ rrersﬁflﬁg% Eﬂlt%sglt from the

as the securit I's one ten-thousan
outpaiti vuét dhgtepr88).security strength in the pattern

[OO[Y%Togni tion system 10a a?cordi ng to

In addition to the advantages of the first embodiment, the
pattern recognition system 10a according to the present embodiment
provides the following advantages. In the pattern recognition system
| 10a, the threshold applied to all input patterns is set to be constant.
- Furthermore, the applied threshold directly means the permissible
false acceptance probability Pprar, i.e., the security strength of the
System. This ensures stable security strength. This direct
correspondence of the threshold to the security strength is desirable
~ from the viewpoint of system operation.
[0077]
| The above-described pattern recognition systems 10 and 10a are
applicable to speech recognition, fingerprint identification, optical
 character recognition, signal recognition, and so forth.

[0078]




the present invention, the perm ssible false

acceptance probability PPFAR may be set to one

ten-thousandth. Thus, the p&a38ni ssible fal se

acceptance probability PPFAR (the threshold) directly

nmeans the security strength of the system The

perm ssi bl e fal se acceptance probability PPFAR nmay be

seRegardtesmcentt o thecorsbiove-deatribeidn tdabddiments, various

rocessing section 3a. [0074] The above-descri bed
mOfS‘uftC@éé%nﬁgniaﬁ’ bremagleatptbecbatiayns secopmition sysyens pattern

erfornmed conputer. That is, the processing i
recqifunt i et bade &I Pa}LPER Uie6ABRAHOTS ProgFRRY afterding to the
e idi . tati it ,
prefEht HRRHLIOE At RATE a4y R R LERE Bt igabOE jas an
exahtyflel @Qﬁbétﬂl@ﬁ&ﬁﬁﬂ“ﬁﬁgéﬂ'ﬂ éﬁﬂttg%“réi%r@ﬁﬁﬂ ttkl rhﬂesfreated
a conputer program and executed by a conputer. [0075
as &lpairdthe patteaucdatt Shownay bbeirgiuntmeo whes réference pattern
. pattern_recognition nethod according to the second
inpwhivaitngnandf the aeference patterntdata BT snaythe input to the
: attern data 111 is input to the pattern input wunit 1
pat %%W%P?.umﬁ , the difference data detection unit 31
detects the difference data 131 based on the pairs of
characteristic quantities of the pattern data 111 and

BRIEE DESCRIPTIGN @mnmggqgﬁ%@v«mqs S2). Then, the

fal se correspondence pro ity conmputation unit 32

[0029] receives the difference data 131 and conputes the

fal se correspondence probability PFCR based on the

diF¥Gr ehde adhlackadigzram sBewinghanconfiguratsen of a pattern

acc.%gc; ance probability conputation unjt 33 regh?i ves
TeCQBHLRR £ Y ASEArANE A0d 8 it emppdiment; g nblg present

_ inv%ﬁiﬁﬁ; acceptance probability PPRE based on the

erence data 131 (step S4). The fal se acceptance

pIRRSD b1 SOSLIET Ain?  JAAELegiin, method
accdxaiiﬂg to the first embodiment of the present invention;

FIG. 3 is a block diagram showing a configuration of a pattern
recognition system according to a second embodiment of the present
invention;

FIG. 4 is a flowchart shoWing a pattern recognition method
according to the second embodiment of the present invention;

FIG. 5 is a conceptual view showing a distribution of
characteristic points in an input pattern;

FIG. 6 1is a conceptual view showing a distribution of

characteristic points in a reference pattern;

FIG. 7 is a conceptual view showing determination of

- correspondence between the characteristic points by a difference data

detection unit;

FIG. 8 is a conceptual view showing a distribution of .

- corresponding characteristic points;




correspondence probability PFCR and the conputed
prelimnary fal se acceptance probability PPRE (step
- S5). Then, the identity detedhination unit 34
conpares the pernmissible fal se acceptance probability
PPFAR and t he conputed fal se acceptance probability
PF to determ ne whether the fal se acceptance - .
pr oBiEi 19 ty apgrap hshomingan examplerypdistirdsition of candidate
.fal se acgeptance probability PPFAR (step S7). The
dl{fﬁf%ﬂfze 6%%5" 142 indicating the determination result is

out f e fLput it 4 . 1. L0 .
addh Font 0t 1S exditdhdlBlids “4h3HFR: SRempliaaistFibution of
cahbiédapaidi fleRe hBE QYL ON system 10a according to the
present enbodi ment provides the follow ng advant ages.
| n Fb@. plak tieran gregdynicwimgs wsildrandfleer ekeniplashdigtribution
appljed to . all input patterns is set to be constant.
of F@nﬂhgﬂh%ldéffeﬂ‘ﬁacap%ﬁﬁaécamﬂw eshold directly neans the

perf Sssihl e fal se acceptance probability PPFAR, i.e., . i
th @cuﬂ £$ %t%rélﬁ’gﬂt Fhom e Sg’}it%thﬁ’thﬁﬁ §X§ﬁsu§6er§f 3lstr1butmn
3 AFd r th. This direct correspondence
of%éﬂ?k@a?{?ﬁfg%%gééo € security strength is desirable
fromthe viewpoi nt of systemoperation. [00771 The
above-descri bed pattern recognition systens 10 and 10a

Deacreiptappldfcipinddle speech recognition, fingerprint
identification, optical character recognition, signal

008

1

ognition, and so forth. [00781 28 Regardl ess of
t he, .above-descri.bed enmbodi ments, vari ous

R T RIS UBdy be made to the pattern recognition
2 SUAEBYHEH A on e oS, and patern

3 idﬁ’ﬁi‘b&'@@e%iﬁ@é@ct@&ﬁa” ing fromthe spirit thereof.
4 /?)Sut%rllt unit

5 permissible false acceptance probability input unit

10 pattern recognition system

31 difference data detection unit

32 false correspondence probability computation unit

33 false acceptance probability computation unit

34 1identity determination unit

111 pattern data

112 pattern characteristic data

121 reference .pattern data

122 reference pattern characteristic data

131 difference data

132 false correspondence probability data

133 - false acceptance probability data

134 determination result data

141 result data




exanpl e, since the input pattern and the reference

pattern are treated as a pair, the pattern data 111

may be input to the reference8(pattern input unit 2

and the reference pattern data 121 may be input to the

pattern input unit 1. BRI EF DESCRI PTI ON OF THE

DRAW NGS ({00791 FIG 1. is a block diagram showi ng a
14gonphngpubtdaa of a pattern recognition system

ccording t fi rst enmbodi nent ~of the present

158, BRTI ?ﬂﬁﬁ?faiée iACCEPERBRE rmiqbadmiwﬁga@ pattern
recognition nethod according to the first enbodi nent
of the present invention; FIG 3 is a block diagram
showi ng a configuration of a pattern recognition
system according to a second enbodi nent of the present
invention; FIG 4 is a flowhart showing a pattern
recogni tion nmethod according to the second enbodi nent
of the present invention; FIG 5 is a conceptual view
showi ng a distribution of characteristic points in an
i nput pattern; FIG 6 is a conceptual view show ng a
di stribution of characteristic points in a reference
-pattern; FIG 7 is a conceptual view show ng
determ nation of correspondence between the _

. characteristic points by a difference data detection
~unit; FIG 8 is a conceptual view showi ng a
di stribution of corresponding characteristic points;
29 FIG 9 is a graph showi ng an exenpl ary distribution
of candidate difference data; FIG 10 is a graph
showi ng anot her exenpl ary distribution of




candi date difference data; FIG 11 is a graph show ng
still another exenplary distribution of candidate
difference data; and FIG 123ils a graph showi ng still
anot her exenplary distribution of candidate

di fference data. Description of Synbols [00801 1
pattern input unit 2 reference pattern input unit 3
data processing section 4 @uApMSunit 5 permi ssible
fal se acceptance probability input unit 10 pattern
recognition system 31 difference data detection unit

32 f d babilit tati it
22 8 eERER ERRBEN B SUREAR o ERTRY A7,
id J 1:Rat i Li: . dat 112
LY RSN, o Shipakbar n 0at2 112

datsa d@rdf prebadilisyt @omphesEeke 1nit CcdapPed 183 the first
di fference data 132 fal se correspondence probability

- pratethility3®mhgphsa thon eptidgneehereinabi | ity data 134
deternjnation result data 141 result data 30 142 .
outpatiiEst Rrebabplityicompreatignsenitc cepinkas a first probability

- baded %%bﬁlétﬁ’ugféé"r of corresponding characteristic points indicating
points corresponding between characteristic points in a first pattern
and characteristic points in a second pattern,

the first probability indicates the probability of existence of a
third pattern having a larger number of corresponding characteristic
points to the first pattern than said number of the corresponding
characteristic points, and

the second probability computation unit refers to the first
probability to compute a false acceptance probability indicating the
probability of falsely determining that the first pattern and the second |

pattern correspond to each other.

2. The pattern recognition system according to claim 1,
- wherein

a first vector has components consisting of differences between
the corresponding characteristic points in the first pattern and the
associated corresponding characteristic points in the second pattern,

a second vector has components conéisting of differences between
pairs of corresponding characteristic points determined between the
first pattern and a fourth pattern, and

the second probability computation unit computes a second
 probability indicating the probability that the amount based on the

- second vector is smaller than the amount based on the first vector and




31 CLAIMS 1. A pattern recognition system conprising:
a first probability conputation unit; and a second
probability conputation unit3@upled to the first
probability conputation unit, wherein the first
probability conputation unit conmputes a first
probability based on the nunber of correspondi ng
cogpartast ethet ifalpei meceptdinceat i pyobabilatys dwrsedspondi tige  first

etween characteristi,c ints.in a first pattern and

pr‘g?‘%}}’lﬁyiye?" ﬁée serend P‘pﬁcléﬁq?igﬂnd pattern, the first
probability indicates the probability of existence of
a third pattern having a |arger nunber of

corregpondi e RAREER! +EEdgnithOh EPstiednt BEcoiditly to claim 2
pattern than sai nunsger of t]he corfséspongletﬁg ! tg o clatm =
whelreiract eri stic points, and the second probability

conputation unit refers to the first probability to
conf&rs@t essecondl sprebabiitinceompobationt ynifdicomputes hthe false

robability. of .falsely determning.that the first._.
30%5% &%b@&%{%c ¥o mBHLp W&daheeiébﬂd nw@iﬂhty and the
rn_recognition systemaccording to
Sed?%%ﬁh%ﬁgakigﬁ%gﬁéégh?¥Tst vect or has conponents
consi sting of differences between the correspondi ng
characteristic points in the first pattern and the

assocHat ed Ther pspidi Recegaifichesysteirs Hedotdinkntd Bbaim 2 or
second pattern, a second vector has conponents
3, whegkdning of differences between pairs of
istic_points determ ned between

t heher ng(?ér%t ?&%&)ﬁ@fw f adiantpar e, puebabibity that the
maBRSER RE P o SRS o ERRAES, Ruriilie of ehe
firsttaé&%o‘i-f‘ the second vector is smaller than the amount

based on the first vector and

5. The pattern recognition system according to claim 2 or

3, wherein
the second probability indicates the probability that the product
~of the components of the second vector is smaller than the product of

~ the components of the first vector.

6. The pattern recognition system according to claim 2 or
3, wherein
| the second probability indicates the probability that each
component of the second vector is smaller than the corresponding

component of the first vector.

7. The pattern recognition system according to claim 2 or
3, wherein

 a third vector has components resulting from rearranging the




32 conputes the fal se acceptance probability based on
the first probability and the second probability. 3.
The pattern recognition systeiaccording to claim 2,
wherein the second probability conmputation unit
conmputes the fal se acceptance probability by
multiplying the first probability and the second
Comw{s oy thederstevector, puel patt ern recogniti on

YA SEEL SR BBl ot SRS, S Wicat R
oA 198 oA EHEH YD SEBLLALAH AL is malle

thaacolsi ébaRspoHdRsae68 FhRent L RETiZ2sP vector WREHEKRe event
t he second probabillity i'ndicates the probability that

thateepchdumimpoheniie cfonionestsonfl teetsecimdsuestior ithan the
smal | er_than the product of the conponents of the
coxnespondiagoeomponent phthethirdcmptori on system
according to claim2 or 3, wherein the second
probability indicates the probability that each

conpongent OfI‘Heh%e?&%g dtr\é%?&%rjigqﬁ} f{xasltlefii%tt%?élgr#ihe eto any of

cor respondi ng npon

claRaid artd 7eqdakydihon systemaccording to claim2 or 3,
wherein a third vector has conponents resulting from

r ear désigiibgtidie fanopionesf shefsddvad vestorvechaiforand
the second probability indicates the probability of
| ogi cal OR between the event that each conponent of

t he s%cond ctor is smaller |, . )
i e pattern recognition system according to any of

claims 2 to 8, further comprising a difference data detection unit
coupled to the first probability computation uhit, wherein

the difference data detection unit receives first characteristic
data indicating the characteristic points in the first pattern and
second characteristic data indicating the characteristic points in the
second pattern, detects the corresponding characteristic points based
~on the first characteristic data and the second characteristic data, and
outputs difference data indicating the detection result to the first

- probability computation unit.

10. The pattern recognition system according to claim 9,
wherein the difference data includes:

the number of the characteristic points in the first pattern;

the number of the characteristic points in the second pattern;

the number of the corresponding characteristic points; and

the first vector, and |

wherein the first probability computation unit computes the first

probability based on the difference data.




than the correspondi ng conponent of the first vector
~and the event that each conponent of the second

vector is smaller than the & responding conponent of

the third vector. 8. The pattern recognition system

according to any of <clains 2 to 7, wherein a

di stribution function of the second vector is uniform

9. The pattern recognition system according to any of
further conprising a difference data

clajms 2,40 8, .
de?Lgfi oW&l&niRa“@a@pu@&ogéutw f9ysiemyr gegerding to claim 10,

Wg&rgfﬂtation unit, wherein the difference data
etection unit receives first characteristic data

I ndijgat § egﬁlw I s&d | I nipe;kir

pattern g‘%)drws conﬁ&%&aﬁd&i g@?g{ at gmltlﬂdiléatcﬁlgl?ﬁe to the

diffeesiacs etatst i detr@iticis uAif Rda $heofidspapirebabildey esdfiputation
t he corresponding characteristic points based on the

unfit,randcharacteri stic data and the second

characterj.stic data, and outputs_ difference dat a .
3i a e¥HRCQ et off r #¥avideqd ttee the sisecond probability

' Pl .computation unit. 10. The pattern

€0 r%ﬁ%ﬁﬁ#%ﬁngyst em according to claim9, wherein the
di fference data includes: the nunber of the
characteristic points in the first pattern; the

- nunberlf tThechpdBeldr irtlcbgnPbnt Systehleaseslithe to any of
pattern; the nunber of the correspondi ng
clagher Actoel 1 s furthver comprsing tare idensificsdbnr det@rdnination unit
. erein flhe first probability conputation_ unit )
CO&@M%& erecondsprobabibly cempuatatdonnunite whereience
data. 34 11...The pattern r.ecognition system acgcqordin
o et i EbificqieRo P RBIBEEEHY BRBbABCFTTgS false acceptance
_ ' upl b .S cqu t Lt fer .
o RN, BT VPR, Gorhll S BRE ARy, trom tho
second probability computation unit, compares the false acceptance
probability and a predetermined threshold, and outputs a comparison

result.

13. The pattern recognition system according to claim 12,
wherein

the identification determination unit determines that the first

pattern and the second pattern are identical if the false acceptance

probability is smaller than the predetermined threshold.

14. The pattern recognition system according to any of
claims 1 to 13, wherein

the first pattern and the second pattern are fingerprint patterns.

15. A pattern recognition method comprising the steps of:

() computing a first probability based on the number of




unit, and the difference data is provided to the
second probability conputation unit. 12. The pattern
recognition system accordingdfd any of clains 1 to
11, further conprising an identification determ nation
unit coupled to the second probability conputation
unit, wherein the identification determ nation unit
COYRESFOIE | clearadepisite epoprishabidicalingat pointsi cariesponding
b he fal eacget nce .r%gability.fromthe second .o
ChY 665G FANAG Sg’ﬁﬁicatﬁ’ nit®, 8¢ h‘ﬁﬁi;r Faitpent g characteristic
ﬁ&:%e n Lt nd a predeterm ned threshol d,
poan %?p%?%org&%gﬂl’s%ﬂa result. 13. The pattern
r ea@Qielfh i i£) 3l i
| ent ooty 88 RePAr et ProRabBity Tolthapuit®] Talke pl€eptance
prébabilippatindicating the pecbabilpgt tofr falaedy i dietirnealinigl that the
. the fal se acceptance robability is smaller than the
firph pastermiansdl thersesesidip atteriTner psspioard toezmgniother, wherein

G s A b e of
- thi%gln rﬁ%g%ﬂr{gtl}%gﬁfsgte %tgialbgle_sf n’éﬁé?%tg%er fzf)ﬁlgg n(#]%u%lgt?g .q:liltahr%%teristic
poiRitabaBi theY iR efa it i 843 CTh S TS @Hﬁd'cgiﬁhegsponding

characteristic pol nts 1 ndicating polnts correspon

chametoteeistitb piodateri stic points in a first pattern and
characteristic points in a second pattern; and (b)

referring to the first probability to conpute a false
acceptance robability indicating the probability of
fal se@-detﬂ? RAkteRh Zecogaltippy metﬁmc{) @acoidinghe claim 15,
wh??&ﬁfd pattern correspond to each other, wherein the
TSt probability indicates the probability of

eXiSFRRESvOEtdt has components comprised of differences between
- the corresponding characteristic points in the first pattern and the
| associated corresponding characteristic points in the second pattern,

a second vector has components comprised of differences between
pairs of cdrresponding characteristic points determined between the
first pattern and a fourth pattern, and
the computing step (b) comprises the steps of:

(b-1) computing a second probability indicating the probability

that the amount_based on the second vector is smaller than the

- amount based on the first vector; and

(b-2) computing the false acceptance probability based on the
first probability and the second probability.

17.  The pattern recognition method according to claim 186,
_Wherein |

| in the computing step (b-2), the false acceptance probability is

computed by multiplying the first probability and the ‘second




third pattern having a |arger nunber of corresponding
characteristic points to the first pattern than said
nunber of the corresponding #haracteristic points.
16. The pattern recognition nmethod according to claim
15, wherein a first vector has conponents conprised
OL gtfferences bet ween t he correspondi ng

Prepa 5@F%¢P§?th960|nts inthe first pattern and the
associ ated correspondi ng characteristic points in the
second pattern, a second vector has conponents

compripgd ofppglpf ﬂt% fifre SR Eoh fﬁaééht%dOE9001ad%1§ to claim 16

correspondi ng char ac errs point's er mne
ortlle wherginpattern and a fourth pattern, and the
conputl ng step (b) conprises the steps of (b-1)
i mgcansiec pndbpbditgpi lindjcatel cahiengpréleability that the

pr Obgg lity.  that the anount based on the second
g 9fhg secondaveetor 1nspuatlepadan dhe meagnitarde of the

cta and (b-2) conputing the fal se acceptance
ﬁrﬁfgﬁgfﬁ’ﬁ"i ty based on the first probability and the
- second probability. IT The pattern recognition nethod
according to claim 16, wherein 1in the conputing step

(b-2),19.he THs9AEELR %ﬂﬁ@%lethxdl ace&rmg*gggobéqaim 16

rrultlplylngtheflrst probability and the secon
or pfioivalberéiry t ogether. 18. The pattern recognition
met hod according to claim16 or 17, wherein the

 sedbrdseeomdtprohabiliiy tad ws tesetlr girababiligytthat the product
of {8 HatiBemantnet The, cansbyaeton s snallsn taan the product of
thd E6RPUAL R BPEARdAGCOLAIY to claim 16

20.  The pattern recognition method according to claim 16

or 17, wherein
the second probability indicates the probability that each
component of the second vector is smaller than the corresponding

component of the first vector.

21. The pattern recognition method according to claim 16
or 17, wherein
a third vector has components resulting from rearranging the
components of the first vector, and | |
| the second probability indicates the probability of logical OR
between the event that each component of the second vector is smaller
than the corresponding component of the first vector and the event
that each component of the second vector is smaller than the_.

‘corresponding component of the third vector.




or 17, wherein the second probability indicates the
probability that the product of the conponents of the
second vector is smaller thad®he product of the

conponents of the first vector. 20. The pattern

recognition nethod according to claim16 or 17,

wherei n_the second probability indicates the )

probabé®i t y ket pabiarn csesemationoimetbode assarding oo any of

o5y WS, SPIESREL T comengnt ot
ac oy i fps ﬁn‘ab%.'ﬂ'ﬂ]c? i ol putBAr Blaled tolyt eV $iiBher of the
has conponent's Fesul i hg TTOMY &ar rangingt Hé

chapapipgstie Oopoidtd fid sttheecfiekt Fuktbba, S&E@Ndnumber of the
probability 1ndicates the probability of logical OR

charackeansticepeimte ithdheeasetondmpabtmtn,obiridhelseanngber of the
vector j.s smaller than the correspondi ng conmponent of
copnesponying eharmcterastindaingst  t hat each conponent of
t he second vector is smaller than the corresponding
conponent of the third vector. 37 22. The pattern

_ recognid i on ordi n | ai
 fgcoumd L on ogk a0t Rgul Ao nothofll AefBedhd Yo amy of
- clapaababifo £, FergapEbaDRases thR ét%g,sn&ﬂber of the
_ characteristic points in the first pattern, the nunber
of {the camgpradhegri shiec falsés hocépeasesongrebabdity and a
and the nupber of the corresponding characteristic
pragstersmimgl thnesheld;eamdr ecogni ti on net hod accordi ng _
to y, Qf clains .15 22, further conprising th
AU e B! bl SOSN8 pattern are
ideRtPRaAP f thea" 150 rcggﬁ%aeﬁ(% n]ge)%of)gb%ﬁ%? | ‘i*s glq:{jaller than the
predetermined threshold.

24. A pattern recognition program for causing a computer
to perform the steps of:

(A) computing a first probability based on the number of
corresponding characteristic points indicating points corresponding
between characteristic points in a first pattern and characteristic
points in a second pattern,

the first probability indicating the probability of existence of a
third pattern having a larger rllumbe'r of corresponding characteristic
points to the first pattern than said number of the corresponding
characteristic points; and

(B) referring to the first probability to compute a false acceptance
probability indicating the probability of falsely determining that the

first pattern and the second pattern correspond to each other.

25.  The pattern recognition program according to claim 24,




(d) determining that the first pattern and the second
pattern are identical if the fal se acceptance
“probability is smaller than tHe predeternined
threshold. 24. A pattern recognition programfor
causing a conmputer to performthe steps of. (A
computing a first probability based on the nunber of
WIKd¥Bspondi ng characteristic points indicating points

cor ' etween characteristic [ deN_a

i ra B Vebor HALREuBPBRRE omipafafd il AufrGedhgpe between
thoadd fo Hd tobihpdi ot

SPSbaRortRn o REObaY il SELRITLAR pottep, and the
assarigtedroorrespohding rdsnedepiktid Podat£ih ThicCsedMdipattern,

to the first pattern than said nunber of the

corg éepgondi vectorhbaacompenentpaiompriseddof Bifferences between

referring to thg fi rf]t probability to conmpute a fal se ]
Pays: 9bt apires 88 cheyacteriehtq mpinke detswanined \ioar the first

l.se teermping,that th first pattern and the
pa{stzeg é%ﬁt@?ﬁlbg&%&ﬁ%naq each ot ﬁer. 25. The
ati& ot d r.qlj .ai m 24, 38
Ahor S BoRBRNIRG S0 B8 AP ASES e BT S o
di f(&llémﬁbﬁﬁﬂgeﬂ SR H LPIBIItI0 iARAGHE tBE! Brobability
points in the first pattern and the associ ated

thatorthes pomdiunt dhwsatteni shec spobntls viestoheisserpatler than the

pattern, second, vector has conponents conprised of
am&wqfef)éﬁeasorbéﬁ@ééwt vestos émdor r espondi ng

chapaeteristic.poipts term ned, for the first

oo “ibhiaBE, PhE BT, AcliRtnte Borhakitly hassd on the
; Is t f - 312 uting a second
'flr%ﬁ%ﬁgguaﬁltl %rlmlé? E%?%%SB%P E‘?‘E%g{%lﬁff?‘yj that the

anmount based on the second vector is snaller than the

amount based on the first vector: and
26.  The pattern recognition program according to claim 25,

~ wherein

in the computing step (B-2), the false acceptance probability is
-computed by multiplying the first probability and the second
probability together.

- 27.  The pattern recognition program according to claim 25
or 26, wherein

the second probability indicates the probability that the
magnitude of the second vector is smaller than the magnitude of the |

first vector.

28.  The pattern recognition program according to claim 25
or 26, wherein ”
the second probability indicates the probability that the product

of the components of the second vector is smaller than the product of




(B-2) computing the fal se acceptance probability based
on the first probability an he second probability.
26. The pattern recognition g% gram according to claim
25, wherein in the conmputing step (B-2), the false
acceptance probability is computed by multiplying the

i robahi 4t nd. the,second probability
th{eocé%{xﬁgppn%.ofﬂge ﬁ&?? &G P%cogni tion program
according to claim?25 or 26, wherein the second

probability indicates the probability that the

magni t2@e ofThé g HRePAatRprfitidis ;ﬁ‘!}_ﬂ?'rhﬁi 4dBRdIRgE to claim 25
nmagni t ude of thg) first vector. 28. The pattern 8 to claim

or 2& sgherevm program according to claim25 or 26,

wherei n the secon robabi | iéy i ndicates the _ .
pr dtibi FEEYDENRTQ lg}tadum icgteshdhonpsababslity that each

cof GRS She, RetPRrs Feskel s 30RliPke thath ¢hig corresponding
co%ﬁﬁﬂﬁ}iﬁ bﬁ@hgrﬂgg@%&%gordl ng to claim?25 or 26,

ereln the second probability indicates the
probability that each conponent of the second vector
is smaller than the correspondi ng conponent of the
first 3ikct oThe3@atTine paicogmiticec pgogkann apcogdam to claim 25
cording to claim25 or 26, wherein a third vector
or %gs Vﬁbﬁﬁ%ﬁﬁ’ents resulting fromrearranging the

co ents_of the first vector, and the sgcond )
or Gh i FiL: VORI Qi EOmBOBeaaoT $F lbag oghcrpatranging the
co@gb\ﬁ%ﬂ}stmlﬁ(?{ellrsttvtb%ttoﬁagﬂdcorrponent of the second

ctor is sha
the second probability indicates the probability of logical OR

between the event that each component of the second vector is smaller
than the corresponding component of the first vector and the event
that each component of the second vector is smaller than the

corresponding component of the third vector.

| 31. The pattern recognition program according to any of
.claims 24 to 30, wherein in the computing step (A),

the first probability is computed based on the number of the
..characteristic points in the first pattern, the number of the
.characteristic points in the second pattern, and the number of the

“corresponding characteristic points.

32. The pattern recognition program according to any of
claims 24 to 31, further causing the computer to perform the steps of:
(C) comparing the false acceptance probability - and a
predetermined threshold; and
' (D) determining that the first pattern and the second pattern are




than the correspondi ng conponent of the first vector
and the event that each conppnent of the second
vector is smaller than the respondi ng conponent of
the third vector. 31. The pattern recognition program
accordlng to any of clains 24 to 30, wherein in the
p the first prohahility .is conputed

1d§%g§8tl Eél@@r @nCShaH]%i’g’tag’r h@ﬁ’l dspsmnablern than the

prEH@téfﬁﬁheHQﬁﬁ%%Bol he nunber of the characteristic
points in the second pattern, and the nunmber of the
correspondi ng characteristic points. 32. The pattern
recognition programaccording to any of clainms 24 to
31, further causing the conputer to performthe steps
of (C) conparing the fal se acceptance probability and
a predetermned threshold; and (D) determ ning that
the first pattern and the second pattern are 40
identical if the false acceptance probability is
smal l er than the predeterm ned threshold.




