SPECI FI CATI ON  PATTERN RECOGNI TI ON SYSTEM PATTERN
RECOGNI TI ON METHOD, AND PATTERN RECOGNI TI ON PROGRAM
TECHNI CAL FI ELD [0001] The present invention relates
to a pattern recognition nmethod, system and program
and particularly to a pattern recognition nethod,

system and program for_identifying a person based on
dzlta such as voice datBESGIFHaddTNa. BACKGROUND ART

[0002] Wien 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 |
advance is conputed. Then, the match rate is conpared

' e rqined threshold to determ ne whether
TE%&M{L %ﬁﬁgeﬁpri nt pattern and the registered -
'[Oobiﬂgerpri nt pattern are of the same person. Based on

the determnation result, the person is identified.
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systairs edyd mietgararh e d Pa@ﬁdtﬁ@&ly ¢8la Walthen rr%?béh?ﬁ%ﬁ method,
fingerprint pattern of anot_her person is calle e _

. system,sandcpepgraue fontidentifaen] a persbhsba¥ee O data such as
i rprint verification apparatus, the predeterm ned:

'VDI(E%ngﬁo‘Pldlmé‘gﬁdé'ﬁauni formy fixed to a certain val ue
irrespective of which finger is verified. However, the -

.~ match rate
- BACKGROUND ART

[o002] | | |
' When é'fingerprint verification apparatus is used to identify a
person, the following process is generally performed. First, the
degr_ee of consistency (the match rate) between an input fingerprint
patt-érﬁ' obtained by a sensor or the like and a registered fingérprint ‘
" pattern that has been registered in advance is cdmputed. - Then, the
. inatch 'ra'te 18 compared with a predetermined threshold to determine .
~ whether the input fingerprint pattern and the registered fingerprint
:patfefn are of the same person. Based on the determination resﬁ.lt,
the perst)n 18 identified. In this personal identifica.tlion process, the
- rate at which an ihput fingerprint pattern of a person is‘ falsely
detefminéd to be identical with a registered fingerprint pattern of
~ another person is called the "false acceptance rate."
[0003] | | |

‘I.n ‘this type of fingerprint verification apparatus, the
~ predetermined threshold is often uniformly f_ixléd to a certain value

- ir'respective' of which finger is verified. However, the match raté



2 According to a data recognition nethod disclosed in
Pat ent Docunent 1 (Japanesg Patent Application

Lai d- Open No. 2000-215313), the match rate between
each registered data itemand other registered data
itenms is conputed. Then, based on a match rate
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density function to performpattern recognition.

that[10eetd thartaogpevalud id dynamemally covpuitbdms thd ¢hreshold.
a pattern recognition system_ pattern
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[0005]

A pattern recognition apparatus disclosed in Patent Document 2
(Japanese Patent Application Laid-Open No. 2002-230551) mvolves,
for a certain set of patterns, determining a difference between the
feature vector of each pattern and the average feature vector of each
correct category. This produces a set of difference vectors. An error
distribution corresponding to this set of difference vectors is used as a
. probability density function to perform pattern recognition.

[0006]

An object of the present invention is to provide a pattern
recognition system, pattern recognition method, and pattern
recognition program capable of increasing the accuracy in computing
the false acceptance probability.

[0007]

Another object of the present invention is to provide a pattern




recognition program capabl e of increasing the accuracy
in conputing the false acceptance probability. [00071
Anot her object of the present invention is to provide
a pattern 3 recognition system pattern recognition
met hod, and pattern recognition program capabl e of
ensuring stable security striength. [0008] Still
anot her object of the present invention is to provide
recogaiti@r n systenogni paternsy seeognitiopat t methadecogmid i orpattern
met hod, and a pattern recognition program capable of
recoguEiangprogem eapatile gl ewswingrstahde sequaity stengtht i on.
OSURE OF THE | NVENTI ON [ 0009] The Di scl osure of
[ Invention will be described bel ow using reference
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I nvention. However, the reference nunerals and synbols
shoul d not be used for interpretation of the technical
X I ' of the invention set

Iﬁé&ﬁﬁ’&%h@% mmﬁ{&ﬁﬁﬁ accordance with a first

[ fCt of the present invention, there is provided a
@? ern recognition system wherein based on the
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naimerA¢ hed spinbelsoiedtia the Best Made foaiCarying @t the Invention.
characteristic points in a second pattern, the o
Thatre&ranee nogreraisoamd yymbolsc engpadéed avithi bsackets for clarifying
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for Carrying Out the Invention. However, the reference numerals and symbols

should not be used for interpretation of the technmical scope of example
embodiments of the invention set forth in the Claims.
[0010]

In accordance with a first aspect of the present invention, there is
provided a pattern recognition system, wherein 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 pattern recognition system computes a first probability
indicating the probability of existence of a third pattern having a greater
number of corresponding characteristic points to the first pattern than said
number of the corresponding characteristic points, and the pattern recognition
system 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.




nunber of correspondi ng characteristic points to the
first pattern than said nunber of the correspondi ng
characteristic points, and the pattern recognition
systemrefers to the first probability to conpute a
fal se acceptance probability indicating the _
probability of falsely detergmining that the first

attern and the second pattern correspond to each

hdr. 4 [0011] In accordance with a second aspect of
t he gaesent I nvent.ion, reis rovi ded a,. pattern

h .
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haracteristic points in a first pattern an
coffasmaideng Shhfackeistics pbihtd iﬁ(ﬁ@ﬁﬁﬂ% poaits orespdiRiing between
attern recognition systemuses the first vector to
coaraptetistia posts anda dfirsb plaiternt wnd nehiacadtterigfi¢ Ipeints in a second
probability of existence of a second vector having
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characteristic .points, determ.hned between t first
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pattern and the. second pattern correspond to each
regbpeitiond 8ystefiD k2fers ntot hiee pricbad nprobabyitit torcsysitena false
(10, 10a) of the exanple enbodinents, a first vector
-agmEplancadirababiditylindicateng dhe poobabdlityndf fadselyedetetraining that
co responding gﬁaracte istic points (csl to ¢sn) in
thenldrst paierihand dhe seppnd paiterasasrespondie @ndi ng
characteristic points (cfl to cfn) in the second
pattern is determned. This first vector (D) nmay be
used to conpute a second probability (PPRE)
indicating the probability of existence of a second




vector (Ds) having difference conponents between pairs
of corresponding characteristic points determ ned
between the first pattern and any pattern. The false
acceptance probability (PFAR) may be conputed based on
the first probability (PFCR) and the second
probability (PPRE). For exagple, the false acceptance
g(;obabi lity (PFAR) may be computed by nultiplying the
125t probabi | | ty (PFCR) and the second probability

(PPRE) [0013] In the pattern recognition systens (10,
10a) 1bf hehepzﬁ ITECOZHHORI ﬁaﬁﬁe@s 5(10, hd0@)ec@nthe example
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[(j)@_f,]14] In the pattern recognition systens (10, 10a) of
the exanple enbodinents, a distribution function
( p( Om) thef patierrs aeoognitiat arystdmeg i 610, 10a) of the example

embodiments,



uniform [0015] In the exanpl e enbodi nents, the
pattern recognition systens (10, 10a) further
conprise a difference data detection unit (31). The

di fference data detection unit (31) receives first
characteristic data (112) indicating the
characteristic points (sl td sns) in the first pattern
and second characteristic data (122) indicating the

thensacaed axplaahilitypdingEs may indicatethe probahditydbatthe magnitude
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detection result. The difference data i ncl udes
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di)ofshafire vetiop(Di)t he predeterm ned threshol d (PPFAR).
When it is determned that the first pattern and the

[08kHond pattern are identical, a door is opened

accoI;ld itﬂg pattern recognition systems (10, 10a) of the example
embodiments, a distribution function (p(Ds)) of the second vector (Ds) is
uniform.
- [0015]

In the example embodiments, the pattern recognition systems (10,
10a) further comprise a difference data detection unit (31). The difference
data detection unit (31) receives first characteristic data {112} indicating the
characteristic points (sl to sn,) in the first pattern and second characteristic
data (122) indicating the characteristic points (fl to fiy) in the second
pattern. The difference data detection unit (31) detects the corresponding
characteristic points (csl to csn, cfl to cfn) based on the first characteristic data
(112) and the second characteristic data (122} and computes difference data
(131) indicating the detection result. The difference data (131) includes the

number



to the conparison result (134), for exanple. Also, in
the pattern recognition systens (10, 10a) of the
exanpl e enbodi nents, the first pattern and the second
pattern are fingerprint patterns, for exanple. Thus,
the pattern recognition systens (10, 10a) of the
exanpl e enbodi nents may bef5applied to a fingerprint
aut henti cati on apparatus. [0017] |In accordance with a
third aspect of the present invention, there is
rovided a pattern recaognition nmethod conprising the
(ns3 t

t@p@le&hér@&s@&ﬁfomirﬁamr@ﬁbﬁ{fst dratiethr beparabery(nf) of the
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of correspondi ng characteristic points to the first
[0}i&} tern than said 6a nunber of the corresponding

characteristic points; and referring to the first

pr oFabhe iexpmpde conbedigents, athee patemp recngaitiomn sabien t(j0a)
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steps © term ni irst vector i
céimiplagfsicesebeItve N3P I FOf GXa@SRONAtNW identification
characteristic points indicating points corresponding
determeratiah ansactiel)i dtteompoisntlmtithe dirst ipasterpainidethe sevdnd

characteristic points in a second pattern; using the
patiars are igeatienl if &%@lﬂ@memag%nmagﬂﬁb 4BrAR)tiy smaller than

toC BTt oFfeRBpGh B EaRboRCheR Thas AdaraRAc dat the
first pattern and the second pattern are identical, a door is opened according
to the comparison result (134), for example. Also, in the pattern recognition
systems (10, 10a) of the example embodiments, the first pattern and the
second pattern are fingerprint patterns, for example. Thus, the pattern
recognition systems (10, 10a) of the example embodiments may be
applied to a fingerprint authentication apparatus.

[0017]

In accordance with a third aspect of the present invention, there is
provided a pattern recognition method comprising the steps of: 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, computing a first probability
indicating the probability of existence of a third pattern having a greater

number of corresponding characteristic points to the first pattern than said




correspondi ng characteristic points determ ned between

the first pattern and any pattern and referring to

the second probability to conpute a fal se acceptance

probability indicating the probability of falsely

determining that the first pattern and the second

pattern correspond to each dadger. 7a [0019] The

pattern recognition method may conprise the steps of:

dawmeberi off dig corféspending characBiristicrpyiing] aed défefreng et first
correspondi n racteri sti.c

dl . tq.dn) between the har.

é)aphqlghtyc o compsis #nfalee Receptangst Petbiliy dpgicating  the
: pending.. teristic [t
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ﬁﬁh&xﬁébﬁ&ﬂ%ﬁﬁ@o%a@?é&&ﬂ probability (PPRE)

i'ndicating 'the probability of existence of a second

vector (Ds) having difference conponents between

pairs of corresponding characteristic points

determ ned between the first pattern and any pattern;

and conputing the fal se acceptance probability (PFAR)

based on the first probability (PFCR) and the second

probability (PPRE). For exanple, the false 8

acceptance probability (PFAR) is conmputed by

multiplying the first probability (PFCR) and the

second probability (PPRE). [0020] In the pattern

recognition nethod of the exanpl e enbodi nents, the

second probability (PPRE) may indicate the probability

that the magnitude of the second vector (Ds) is

smal l er than the magnitude of the first vector (D).

The second probability (PPRE) may indicate the .

probability that the product of the conponents of the

second vector (Ds) is snmaller than the product of the

conmponents (dl to dn) of the first vector (D). The

second probability (PPRE) may indicate the

probability that each conmponent of the second vector

(Ds) is ' '




smal |l er than the correspondi ng conponent (dl to dn) of
the first vector (D). The second probability (PPRE)
may i ndicate the probability of |ogical OR between
the event that each conponent of the second vector
(Ds) is smaller than the correspondi ng conponent (dl
to dn) of the first vector (/fDi) and the event that
each conmponent of the second vector (Ds) is smaller
[A088h the corresponding conponent of a third vector
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I ndicating the characteristic ‘points (f
péines sedioatthgd ploires rhorﬁ&%@ﬁdihggbetw&rﬁ@hﬁfb‘@l@ﬁmﬁﬁ(ﬂ@oints in a
characteristic points (csl to csn, cfl to cfn) based
fiost patgerini apd cledractesistaci points data s¢Ad®) pattdrn; hesisg dbe dirst
characteristic data (122),. and_. conputing difference
VeFApTato qampute pecand myobafliie indieating thesprobabdig of grdgence
ccept ance probabi | i.t PEAR) is computed based on_t.he
of i Si3e) WP phavitdh FiFEetEhed s pETRBRHES DRSo rpail of
N _ ; L e
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arBP FaRR PO N TrefGHAEAES Sth S§dconBOpRIbAbIlTNE tPaddrBpilte a false
recognition nmethod of the exanple enbodinents
adceptahes peshabilisemdibetigg éps podbabilitypef ifalgelyhdetbahising that
acceptance probability (PFAR) and a predeterm ned
the Hireksprstain @RArhRFecanddpattere cotiespend tcheach dtber.i r st
pattern and the second pattern are identical if the
fal se acceptance probability (PFAR) is snmaller than
the predeterm ned threshold (PPFAR). [0022] In

accordance with a fifth aspect -of the present
invention, there is



provi ded a pattern recognition programfor causing a
conmputer to perform the steps of based on the nunber

- of corresponding characteristic points indicating

poi nts correspondi ng between characteristic points in
a first pattern and characteristic points in a second
pattern, conputing a first faobability indicating the
robability of existence of a third pattern having a
ﬁﬂﬁﬁter nunber of correspondi ng characteristic points

to t first pattern than sai.d nunber of the !
cor r ¢80 RAHGNC HEFIBTEANs tEtY] nfey AiRinpRser iengters of

dshplnli o, 156 SRl (O RO b 6 G AP LD FBen he
cafleSpotidihg ThahrteridiR pobingd (&@ttbeééh)aﬁldtﬁéagg%t]eﬁiﬂﬁ&n and the

patt'ern <cCorrespond to each other. "9a [
aaornbatdd ncerredpondings ickhiacaaistict points hgfprtesefn) in the second

- inventign, there is provided a pattern recognition

PaHedy dningthe dirst vgcler dbp e crommutper pegand probabiliys(PPRE)
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first vector to conmpute a second probability
protehibdityi (RFAR)ebasedbarithe tfjrsofprekatstign {BFOR) aamkdbedsecond
vect or. having difference conponents between pairs of
peebidiB & PRE) cHar gxeBinle: the falisat s det er mi ned

between the first pattern and any pattern; and:

referring to the second probability to conpute a

fal se acceptance probability indicating the

probability of falsely determ ning that the first

pattern and the second pattern correspond to each

other. 10 [0024] The pattern recognition program of

t he exanpl e enbodi nents causes the



- indicate the pro

conmputer to performthe steps of: determning a first
vector (D) including differences (dl to dn) between
the correspondi ng characteristic points (csl to csn)
in the first pattern and the associ ated correspondi ng
characteristic points (cfl ;to cfn) in the second
pattern; using the first vegtor (D) to conpute a
el e at hid y
e DRy Ty cor B S A L PR ROt
peoabdite iercR) @y ehesicond proiedilitgd PPRERT cor respondi ng
characteristic points determ ned between the first
[0l ern and any pattern; and computing the false

B obb thS %ﬁ%%g%%ﬁg:gﬁﬁoé RIS Gilots: SEABPE EPbpRigts, the
. . i L PEAR).
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of HRCR: oAl detiog (DSF RNEMAIG AR tid Maghithle of 1H0RRE védtor (Di).

the pattern recognition program of "the exanple

Taosochndeprobabilibye (PPRE] oy imdodaddthel prpbaPIPRE thatethe product of
indicate the probability that the magni tude of the
theeeomponends of thespcond weetor €Ps) HasmaHer tagriberredyet of the
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component to dn) of the first vector (D).
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cmﬁﬁﬁntbpgkhﬁ@vé&f,ﬂ(pgnal | er than the corresponding
conmponent of a third vector (D) [0026]

[0021]

In the pattern recognition method of the example embodiments, in the
steps of receiving first characteristic data (112) indicating the characteristic
points (si to sng) in the first pattern and second characteristic data (122)
indicating the characteristic points (fl to fng) in the second pattern, detecting
the corresponding characteristic points (csl to csn, cfl to cfn) based on the first
characteristic data (112) and the second characteristic data (122), and
computing difference data (131) indicating the detection result, the false
acceptance probability (PFAR) is computed based on the number (ns) of the
characteristic 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. The pattern recognition method of the example

embodiments



In the pattern recognition program of the exanple

enbodi nents, in the steps of receiving first
characteristic data (112) indicating the

characteristic points (sl to snS) in the first

pattern and second charact epi stic data (122)

i ndicating the characteristic points (fl to fnf) in
futthereCUp R3S eflib & §Ctdfngcb arﬁ% rﬁfaooth!;é‘gacce tance
characteri stl C points to cs to cfn) base
poobabilétyf (PFaR) anldar pmdeterﬁnnad datshdld 1Ppramy atnldedslemnnﬂng
characteristic data (122), and conputing difference
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in the second pattern, and the nunber (n) of the
[@2p] espondi ng characteristic points. Further, the
pattern recognition program of the exanple

enbodi irentsordanthevitlc ausiéls ashectoalithet presemt peehtiom) theee is
steps_of conparing  the fal se acceptance probability
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met hod, and pattern Trecognition pro ccordi

irtdicatprge slenprotutality off alitercanfi nehrds terﬁd@am Ya igieater
conputing the false acceptance probability. [0028] The

npmbce ofi cogrespendingrehsyanteristip poinds to rthe d’gnst piattern than said
hod gnd pattern, recognitjaon programaccording t
epogdBncoriespanding @.lnaraweéw@@rwg Spfnd refrHpe do the first

pro% Hllit%/y th E:Sm%%e ‘[10%%19‘]: acceptance probability indicating the
probability of falsely determining that the first pattern and the second pattern

correspond to each other.



The pattern recognition system pattern recognition
nmet hod, and pattern recognition program according to
the present invention allow a reduced |earning cost

of pattern recognition. BEST MODE FOR CARRYI NG QUT THE
I NVENTI ON [ 00301 A pattern recognition system and
pattern recognition nmethod 9g@according to the present
invention will be described with reference to the

[08pHended drawings. In the present invention, the

pattern recqQgnitioQn systemconpares a pattern to b ]
r ecognlTy @eCqrAaREaiidr a spdhaspedt elothesprgsent inygation, there is

attern”) and a pat.tern storged in_.a databas
pRRide A ot dphdtRlof brogd ¥ sollsBecec FaPREr o pesagm the
I t .
S AT sy (B ARG WAl IReP A GEAS paies of
chké@a%hEﬁigm chhAfeferidntd 6i1ﬁ§prihﬁica_tih§ ﬁoﬁﬂét &otresponding
recognition system pattern recognition nethod, and
bfratdedr chAracgidtidc poipiso@ aMike gatkrng ahd dhwapreeieid points
invention will be described with reference to the
inap pecateld patemi wgsg tha fitse yecemett compréata segondhprobability
. pattern recognijjon system conpares a pattern to be
indadigsi the prohebididy wdrexigteaee off a: swcandarectombiying difference

ot ins brtestupaiBgof GoResBONiaR charRiSsis Bpfty detepgined
I 1 tch t bet the t t ;

bR HE° 5 pHLE" ol BRI, i, iRk © e sccond
_ K , hsPH By © T

probBOTEP Y cqifiife, £ R Aehbtaike pribibilint Hdditating the

proBabilAy of ifalkePf ddi€rmPimihErthat [tBE OHMtt hAfernY 8h&Mhe second
according to a first enbodi nent of the present

patieyeebirespond td-kfth dtheirhe pattern recognition system
10 i ncl udes a




pattern input unit 1, a reference pattern input unit
2, a data processing section 3, and an output unit 4.
The data processing section 3 includes a difference
data detection unit 31, a false correspondence
probability conputation unit 32, and a fal se
acceptance probability congyutation unit 33. Now, the
mechani sm and operation of these units will be

[002dbcri bed one by one. [0032] As shown in FIG 1, the
pattern input unit 1 receives pattern data 111
r epFbg pati¢rgeeegninpy programeririhe exbapleembodimnsnts causes the

cospgh &t Ui B8 SRt B THG Giddane
GHFBEARUL () o )iyl DECRIdng SRaPA B IR e
to cSIy @Rk | Mt Hasterd iapdefRr h%kbcfdt&? cdoBRYpoRBhE edl{ét}ad{é}istic

the pattern input unit 1. The pattern 1 nput uni
poiatsa{cf escfinf én et $ezond gattarnt Likimntheefitst aettor (Di) to compute

characteristic quantities of the input pattern. In the
a sgerid probapilityefFREhindiedmgrihe insabababityngl exdstence elea second
haracteristic.gquantities inclyde characterdstic .
vedlel KBS dahe, Gitdiianes eomhanants: BRGERoPAIS i Samsesponding
] ' i . r t [ t hen .
chaby 8RR Ol | S TaSRBELE el ARY ARE) b BEP pater
and HoipiRirig0 fhed Fals8 _eac,(‘eﬁ?%ﬁ@é YProbabifity (HEAR) ba&sl Ohhehe first
characteristic points) to the difference data
probebidicy i(Brcr)umid tl3d sécondhprobabdity (Pexs)s iFoy saotplenths. false
[0033] FIG.,.5 is a conceptual view_showi ng a .
accgp@ned prababiityf(PENR) iscerippueted by npudtiplying the Hest grobability
tain i nput.pattern. For. exanple, the pattern data
(PFégia%%&‘? sggo 4&@&?@%@%‘*@&% data i s analyzed, and as
[0025]

In the pattern recognition program of the example embodiments, 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 (D).
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 (dl 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 (dl 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 (dl to dn) of the first vector (Di) and the event that

each component of the second vector (Ds) is




shown in FIG 5, four characteristic points si to s4
are extracted from the inage. The nunber of
characteristic points in the input pattern is
generally expressed as n8 (n8 is a natural nunber).
That is, the input patterq_ﬂas characteristic points
sl to sn8. Instead of the 8 ttern data 111, data

shﬁameleﬁﬁﬂ%@&ﬁéa}é@cgf;lgéaﬁlpbﬁéﬁaf chh@?t&f(@ﬁ' cteristic

quantities may ectly Input to the pattern input
[00P6] 1. [0034] As shown in FIG 1, the reference
pattern input unit 2 receives reference pattern data
121 hepheguatteri mecagmedre peogrenpaf ther exanTle emafdiments, in the
attern data ..121 is registered in a database in L.
seay afciceiving Bstrdieacerstindsn d lge rlgg‘ﬁ?mﬁ& the ghaacgeristic

PRS0 ebFhT 38 MEoH S aRiim oy 8o ehfra il i (122)
iRlieMirdethel dham cdisst cﬁﬁ@s(fﬁ o0 )hﬁ th& E&foﬁﬂéﬁtt@ﬁ{ 'd%iée’&ting the
Exa attern data

I nput ~unit 2. es of the“reference

cd@dspondingdehdradtgestid pbimtaiick vioi ¢, @l fo afiPubasedpen $he . first
The reference pattern input unit 2 analyzes the
charneiesistie datat {1 h2)dand ilml seadndxeharacteristiar dataef122); cand

uant.iti of the pat n. Ln the case of, fingerprint
coPBYRE: fiferencs 4451 S45LY indigating, the: &tfation, resalt the false
i L ' racteristi i nt
oS3 Bl R R B 0 o BB T e
ch&hefeP3fie RAhisShnthi TRYE phiftérn, ¢hd BEMLRF (RYIST thef GheResristic
pattern characteristic data 122 representing
pomiorimathicosecond pattehgr axd ethesiiimbés (nduahtthé | @ardspbading
characteristic I?Oi nts) to the difference data
chrgeetetistie poinis + Farther thenpatiemareppgritionimrggrse oif dhe sxample
exgtgggfqul%g ilfgﬁhgq (I:alsqwe,gs (t:k?ep %(e)g]tplill%ér t\é)l ggfgrrr]r? \%Q %te%s of comparing
the false acceptance probability (PPAE) and a predetermined threshold
(PPFAR); and determining that the first pattern and the second pattern are
identical if the false acceptance probability (PFAR) is smaller than the

predetermined threshold (PPFAR).

EFFECT OF THE INVENTION
[0027]

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 a
stable security strength.

[0029]



characteristic quantities of a certain reference
pattern. For exanple, thﬁ%ﬁeference pattern data 121
such as fingerprint inage data is analyzed, and as
shown in FIG 6, four characteristic points fl to f4
are extracted fromthe image. The nunber of

c ] e e Ler

(erSAEen) tpeRtitich fstenir paBieta i GeRTiON lphod, and
patteehnitethgnstigRaoarhin ﬁééﬁlﬁﬁg%oaﬁleo{gréé%fnt' iﬁv@nﬁf%humbw a

nunber). That is, the reference pattern has reference
redudest bareingtcost pbpatternlrdooghitibn. | nstead of the

reference pattern data 121, data representing this

di stribution of the characteristic quantities may be

BE%@@QMA@(%WE@@W WW’E@R&E auni t 2.

[oog#t ection unit 31 receives the pattern characteristic
ata 112 and the reference pattern characteristic
daA r g ' .
ot cranein’ SEedetltion bt Ay PRltterh 3ptfiftign, method
accodiling rtenide paesemteirvdniion upill be3des@ibed afithhgeference to
pattern characteristic data 112 and the reference
the pappended hdrawtingsst i inddha present chrewatite, the pattern
espondence between the characteristic points sl

COLJ.
recopitig” SKetamRCOMMETEnca BAMCAB: &0 be i recogvisnds (ReTeattor
3 " ' i.S_a,diagram syperi nposjng FIGS. .5
refegltrgél 8&9"% %%'nclglbﬁ}a;? Srfif) aafl Amatera, sthred 18 2 datahase
' | 1] ints b

(hexbIRSSRABIERCt: AELSEREhEe IALAR S h LAY tho Matcn

ratechétvesn dhpi toie Paltberdiel ¢ Wxhinifies IFHe’k Hatterns include a
predeterm ned ranges (reference ranges) “contal ni ng

persomés fisgerpriod, fve; andevorepeintoi nts fl to f4
respectively. The difference data detection unit 31
refers to the 14




reference ranges, and if a characteristic point is
wthin a reference range, it determnes that this
characteristic point and thejneference characteristic
point in this reference range correspond to each
“other. In FIG 7, it is determ ned that the
characteristic point sl and the reference
chA geiteerat recionitioh| sysfeanchpdigtelrar retognitidbft nséthod, and
and the reference characteristic point f2, and the
patépon amcogindtion prpgrass agedrdime toether @nreeent invention will be
point. f3. corres each. ot

racteri,.st I PO
desrcéﬂkf‘égt‘ﬂfél elehenge dar ﬁb@paﬂmeﬁg{]@] LAV S | En the present

lnvﬁ&tg Zﬁdrrg%iféﬁcfep%ﬁ 13%}?@ tglﬁg 3 ?Jtasi'e%rg pattern to be
rech Eﬁizaé‘t%] th?éé ROt & red{¥P381an Rhﬁpact StReY CV@RIHJ al pattern

view show ng t e correspondl ng r| stic” pol nt

. stoed inmian et tial dseG(hdre AteshpuferradFt& ad a t"hreferldries pattern")
(gattern has three corresponding characteristic points
an

svalustes thednad@h Site batiween hhertofeperdterpat t ddnamples of

.. has three Qori apondlng phgracterlstl poi nts cfl,

- thege patiggngnnclyde a persepsniingproanat.oface iand yoieeprint.

[Oogil cs2, and cs3 correspond to the correspondi ng
racteristic points cfl, cf2, and cf3 respectively.

erence data detection unit 31 conput es.
(FIX%}%&H?%II{I@&IQJ

rences in physical quantity for the pairs of

COFI€sppigia %lééﬁﬁﬁ@g&@n&tsﬁoﬁ@h%taﬁ con@igueionl 6f thBepattern :
difference data detection unit 31 conputes the

: ‘recogmtaanesysilemetammdtﬂng tor aefirsbdentbahanent eof sthe present

o poi-nts Ci@ ﬁ &bcfl the distance d2 between the

mV@BF’r‘E’spo dGehdy a@leeﬂaé?lt%npbﬁ’%%n@@aiﬁﬁﬁ ean210atrcludes a
e correspondi

patef cifbRfofutt I SFeleioate At odeputranifungera data
profis g Sse%fué‘ﬁ’fBFS&ﬁ&dhﬁg dﬂﬁhﬁ?t@ﬁitsq.c PRIt §atd bB6cessing | |
. section 3 includes a difference data detection unit 31, a "false-_
correSpdndénce probability computation ‘unit 32, and a false
. .acceptance probability computation unit 33. rNov.v, the mechaniém
- and dperation of these units will be described c'mé by one.

o032l - .
- . As shown in FIG. 1, the pattern input umt 1 receives pattern"-

7 data 111 representing an 1nput pattern to be recogmzed Examples of

" the pattern 'data 111 include image data or voice data about a person.

. For example the person may put his fmger on a f1ngerpr1nt sensor and _

- input fmg_erprmt image data (the pattern data 111) repre_sentmg his

fingerprint (the input pattern) to the pattern input unit 1. The
pattern input unit 1 analyzes the pattern data 111 and ex{;raqts
- -characteristic quantities of the input pattern. In the case of
fingerprint re‘cognition,‘ éxamples of the characteristic IQua‘Lntit.:ies

- include characteristic points such as endpoints and_bi‘anch points of



i nput pattern and the reference pattern is generally
expressed as. n (n is a natural nunber). That is, the
i nput pattern has correspondifg characteristic points
csl to csn, and the reference pattern has 15
correspondi ng characteristic points cfl to cfn. The
difference data detection unit 31 then conputes the

fingeffineneibgel. t C'llo pattewsifpht euast it ¥héRr otifPuts pattern

pairs of corresponding characteristic points and

chagagteristic dapat | 12ffepreseatingarform4idbn oa,the chadayteristic
' differences. The input djfference data

el
qug@%@%gﬂ% tr“&fﬁ”ﬁ@ﬁ?}%c g?rpuws (s ABRofiffeTRren datRofletection

. i : i it 31
unif F08 $hel 484 ibiolRBR6% PoEfob0 Bt ween the

{oogglresponding characteristic points csl to can and
the correspondi ng characteristic points cfl to cfn
reBipect iveisy. a | BohBeptast olew nARIWIhHt ar QBRSALLItESn of the
., the difference data detection unit 31 may conpute the .
chagatterighicequamtities off aewtitans iofpiit pgéteri.nt Fordgesmple, the
' t eagch caqrresponding, charagterjistic points. The
Patg*?lfn %ﬁ?cgl]dat%cgbta@cﬁrtgﬂrmmt 3ln§gt3p8ﬂ§a 1gi apelysrd and as

choff 3o B3 WS BB A8 exorcte o
: . . . H . _,F - .

tho ESRRE | o RIS LUMLOGHATEROTS it s pattors
is dermallyli dtereaneal daf @;0(n, iHen waberabhud®er). That is, the

. correspondi ng characteristic - points n, the nunber of

mpuhepah&m:thasscharpotenistim pdiatsnplt tpasher n Imdead of the

. ,and the nunmher, of .the reference characteristic_points
patigrn [ gt Ihbn, dadasnespresemting 1thise digtgbution of the

R S A M MO —

uniflata detection unit 31 and conputes a fal se
correspondence probability PFCR.  The fal se
{0084} r espondence probability PFCR is the

As shown in FIG. 1, the reference pattern input unit 2 receives
i;_reference pattern data 121 representing a referenc_e: pattern. The

- reference pattern data 121 is registered in a database in advance. In

L authentication of a person, for exampl_é when the person inputs an ID

| -‘-:;_numbe,r, the referencé pattern data 121 corresponding to thé 1D
number is providec‘l‘from the database to fhé. reference patterri input
unit 2. Exdmples of the-_feference pattern data 121 include image
data and voice data about a person. The reference pattefn input uﬁit
-2 analyzes the reference pattern data 121 and extracts characteristic.
E quantities of the 'pa‘ttern. 'lIn the case of 'ﬂngerprint recog.nition,r
examples of the characteristic quantities include characteristic points
" such as endpoints and' branch _points of fingerprint ridges. The
referehce'_ patt'ern input unit 2“ then outputs reference patt-'ern

_characterisi:i'c data 122 representing information on the charactei‘istic



E

fheﬁ%?f%ﬂa? ere: hergaites r&f%nfeél ko135 pefen
o) SERERtL A0y B PEIH L Y pEPhLRER, FHLHPEE MgBEREE! "hat o,
 the Syeferancay patResh| HaRatkfe '@ﬁh‘act@?@ﬁct PSiﬁl?é 9 to far.

probability of existence of another reference pattern
that has a greater nunber of correspondi ng
characteristic points to thejgnput pattern than the
above-descri bed nunber of the corresponding
characteristic points n. That is, the fal se
correspondence probability PFCR indicates the

quani bl (thy HarBrterMiSE oHHidih® tURRE" d¥¥erenc data detectlon
correspondi ng characteristic points between t% I np

unipai enrth:eedagar}amgesmgi saietiort Be reference pattern
gglgg recogni zed is n as described above, and the 16

foo er of corresponding characteristic poi nts bet ween

T oFIEERE, ishrs o FARFSORIAL CEfaValshp it 8 dlisbrihydon of the
cha@a@@fls@fc ﬁ%ﬁ%;ﬁ%ﬂdéf‘g EOA) %ﬁtxgefe?%fage] ;ga#'&gtrﬁa?e OF @Xample,

S unaer cCoO ars

- .ther&bﬁeﬁétﬁ:é mm&hewaharm EQOALhs H}fgeéiﬁﬂgst %haregbe data is

characteristic points in the I nput patt ,
analyrbd; aafd t4we shefven einc FlGatgcfar shaeaptérbsinboiate f1 to 4

t he nunber of the corresponding characteristic points .
arepxfraceed\irgay thy megedi f Theenumhiet of tharacberisiic points in

di ff erence ta detection uni,t 31; The {,ObabIH%l . i
eRgseghazacteristic

correspondence probability ween

‘Instemd eon tived tdferenter pateenat data 1219i 4aba bi‘ebb@sentmg this

followng formula 1. [0042] p S 1 r P-ns+l)1-(P
distyybubion ofdrhe abarssteristic quantities may be dlrectly mput to

- the reference pattern input unit 2.
~ [0036]

As shown in FIG. 1, the difference data detection unit 31 receives

: .the pattern characteristic data 112 and the reference pattern
s characteristic data 122 from the pattern mput umt 1 and the reference

: pattern mput unit. 2 respectively. The difference data detectlon unit
'_31 compares the pattern charactenstlc data 112 and the reference _
;r'_pattern characterlstlc data 122 to check the correspondence between
S _‘the characteristic points sl to sn, and the reference characteristic

) pomts f1 to fn:.

[0037]
FIG. 7 is a diagram superimposing - FIGS b and 6 to conceptualiy'

' 1llustrate ~ determination of the correspondence between .the -
-: characterlstm points by the difference data detection umt 31. In FIG. |
7, c1rcles depicted by dotted lines indicate predetermined ranges
,(reference ranges) containing the reference characterlstlc pomts f1 to

f4 respectlvely The difference data detection unit 31 refers to the' .



K!'(n k)!(nf -k)! r( +4ijr(1 -ns -nf +k+1J P " P [0043]
Then, the fal se correspondence probability conputation
unit 32 outputs false correppondence probability data
~ 132 indicating the conputed fal se correspondence
probability PFCR, as well as the difference data 131,
to the fal se acceptance probability conputation wunit
refdd@nce0dddesAsasdoifhai oher&ctdristie poahsasaedéhirmng ereference
probability conputation unit 33 receives the
rangpef fibrdetermuees thrtashis whargolerindic aqiokdendethe reference
ropabi]J.ity data 132. fromthe fal se correspondence
chafagisptic; Jolthaputais SRIGRTHCS: JADERCCPHICHD AR 4t srgh other.
babi -] t: i.Qn [ 3 :
 In PIERTR GLY AOPRLAGHCETLUR ¢ne SUARLERIN Boih, o1 gnd the
- refd@®en¢@SehhkgetdgLeow poPRe1, e diprdctdridies PuintdaPaand the
' ‘Di = (dl, d2, ..., dn) conputed fromthe distribution ‘
refexeniceecharaesqaistlicngotiarfactandsthe gioimictebrttiepoinbes3 and -
I nput pattern being recognized and the reference :
the ppefereneri sharastersticedppintin fa- dioverspondl teceach other,
e di.f ference data,. obtained based on. the

-He h
resppaiveliie | GRESE FOTHOPOSSHNG ARAERSISTBEL RIS ol eference

chaPSHIBTRE i, 4T PPl S ERKU TR, 3 WehUGbonding

chafhéfctistiessigfta.'Os. This candidate difference data Ds
‘ is also data representing an n-dinmensional vector.

[003®kn, the prelininary fal se acceptance probability
PARE is the probability that a "quantity" based on the .
- FIG. is a conceptual view showing the corresponding
. characteristic points determined in FIG. 7. As shown in FIG. 8, the
input pattern has three corresponding characteristic points csl, cs2,
~and cs3. Similarly, the reference pattern has three corresponding
characteristic points cfl, c¢f2, and cf3.  The corresponding

_characteristic points csl, cs2, and cs3 correspond to the corresponding

- characteristic points e¢fl, cf2, and ¢f3 respectively. Then, the

' 'l'difference data detection unit 31 computes the differences in physical
Qua_n_fity for the pairs of corresponding characteristic points. F or

.“,Q);ample,'th'e difference data detection unit 31 computes the distance |

. dl between the correSpdndiﬁg characteristic points csl and cfl, the

 distance d2 between the corresponding characteristic poiﬁts cs2 and
 cf2, and the distance d3 between the corresponding characteristic
. points cs3 and cf3. o |

- [oo39] |
. The number of pairs of corrésponding characteristic points in the

-”inp'ut pattern and the reference pattern is generally expressed as n (n_ -'

. is a natural number). That is, the input pattern has co-rresponding '

B -_,,'characteristic points e¢sl to csn, and the reference pattern has



candi date difference data Ds is smaller than a
"quantity" based on the input difference data Di. An
exanpl e of the quantity is tfg "magnitude (norm." In
that case, the prelimnary fal se acceptance
probability PERE nmeans the probability that the norm
of the candidate difference data Ds is smaller than

cortdwpoidimeoichvadtapistieli poertencel wnichnD . Theedifference data
uantity" depends on nodel s described bel ow. [0046]

~ detegiont hoit ethrtbeue comlwhefufthegdaffeaeneeeaﬂe;tpadnem physical
pr.o ab lit PEAR by fhe fal se acceptance %bl lity
a@& 5 P &inPRIZS 9 | $O1FESPABSAREL SRR Worgoints and |

genfr E‘?é) 3%?'%'% GifERRE BUREL PRD=C LS (IBULL OB sndicasing the

d1ff€?éﬁce§ fél‘héx (ﬁﬁﬁe&lfgéréﬁc@)d {heDP(IBHt re ngresentmg an

determ ned I n advance pre Imnary experl

n-dhasugkchib veetdor miog @{ammlépthfe dlifféreriug Haba rstektion unit
A set of candidate difference data Ds whose

81 ﬁmepultesy the glmstanreshdd tive dgudmtiween bébed conresponding
- djfference 1 data D |s.expressed a
Chaii‘ﬁ%‘ﬁ"rl? BPBF?%Cﬁ’ Wf%ﬁ%@’&i gesgegagp,gm}g@ractemstm

T TR T —
~ the P(ﬁ@ﬁrelfceo(i@%h deteta 2ona8K B g%go&ﬁ‘h\fé&r@ ene ffel%ences of |

I's a graph at conceptu a node

thet hdlﬁént\rﬁnﬁenbfonéﬂuéeﬁg)ﬂla ) ridged s apsugrdhherceriégponding
the input .difference ta DI is a two-di nensional

 chayactepistic. pomta =The difference d&sGdeectivm unit 31 outputs
dlffggeggétd%q:% ge{r {gcluo ing Ehg I1;1f1)%1rte3{: erejniég dastaaf)q &etected as
above to the falge correspondence probability computation unit 32 (see
FIG. 1). Specifically, the difference data 131 includes the input
difference data Di, the number of the corresponding cheracteri‘_stic‘
 points n, the number of the characteristic points in the input pattern
g ns, and the numberof the reference characteristic points nf. |
-[0040] - | |

Then, as shown in FIG. 1, the false- correspondence probability - -.
 computation unit 32. receires the difference data 131 from the

difference data detection unit 31 and computes a false corr_'espondence

o -_ probability Prcr. The false correspondence probability PFCR is the -

. 'probabﬂlty of existence of another reference pattern that has a greater

" number of corresponding charactenstlc points to the input pattern

than the above-described number of the correspondmg characteristic
‘ '-points n. ‘That is, the false correspondence probability Prcr indicates
" the probabilitjr of' m>n, wherein the number. of 7' corresponding -

characteristic pomts between the input pattern being recognized and

" the reference pattern be1ng recogmzed is n as descrlbed above and the



above-nentioned "quantity." That is, the set R(D)

i ncl udes candi date difference data Ds whose normis

smal l er than the normof thegnput difference data

Di. Thus, the set R(Di) is defined by the shaded

circular area in the figure. The probability density

function p(Ds) of the candidate difference data Ds is
nungbter of nedryspopdalg neharicteiptic @dints between the input

Alternatively, it is assuned that. the probability ]
patthmsi beingunredagnigets)and vanpther meferdnceapettet is m.

relimnary false agceptance prgbability PPRE i . L.
Gel@ﬁ@éiy,t § 0 graater of hen B wppen o spzérae.spcpmg@ hagacteristic
. [ raph. that,,conceptual | y shows anot he del, of
* poith, bt v 1A EREE Bt YoRPiaBnys “fhE BiEh & mateh
raté'ﬁhe-%-p‘%lfttﬁ{’ﬂ@‘l{he\m.s" of the difference data is

adopted as the above-nentioned "quantity." That is,

{0041k product of conponents of candidate difference data
Ds. included in the set R(D) is smaller than the,
prBaecautibier of the chewapteristic pointe innthe input pattern ns,

* the PUhBeEaUHHSS cRfe T namCRAERRErIFic BOUNS N CUHbBe REfber of

o th bakility.d i ty. f ti Ds) s i f

 the ! MxBLSRRBALT CalBIRILINI S SRIR(TE) dis MR Sy the
diff@Fcnid 'dutd U Poge tBE. (e tendlicdatd e tBElodIAEY31. The

al se acceptance probability %]B’ Inthi's case is

prolexpilessedhi®  clfardcteligidr ?'difﬂ:@ alayef afzigeRECARt@®ENed as
probability Pl is given by the followng fornmula 3 or

) _.éormsppmﬁﬁg tPeaeh, otherbe}wedh diffdxént portterns (8)expressed as .

Dk-' (k 1),t(logt)k-" (4)

11 PI(di,...,d")=(- S,
P k&ﬂﬁs p i(s. determn:)leé in advance such as by ‘a preliminary

- experiment. Then, the false correspondence probability Prcr between

the input pattern and the reference pattern is given by the following

. formula 1.
- [0042]
g )
C P = e e -
B ] F(~1—~+1}F(1——-ns—nf+k+l]' ‘_ .
o P J\p

- [0043] | |
Then;. the false correspondence probability computaﬁion unit 32
'o'utputs ifalse correspondence probability data 132 indicating'-the

computed false correspondence probability Prcr, as Well as ‘the

' ‘.'_>'diff_'erence data 131, to the false acceptance probability computation

unit 33.
[0044]
 As shown in FIG. 1, the false acceptance probability computati_on

. ‘unit 33 receives the difference data 131 and the false Corrésp(jndence |



whereint in the formula 4 is given by t = did2...dn.
[0052] FIG 11 is a graph that conceptually shows
still another nodel of the gpove-nmentioned set R(D).
In FIG 11, the "conponents" of the difference data
is adopted as the above-nentioned "quantity." That is,
each conponent of candi date difference data Ds
probabilitied datat he3get froRDithd s falm | esridiporidence probability
correspondi ng one of the conponents dl and d2 of the
commmtldnfﬂenén% ddthe ialsahascentiamceeprebbbllity computation
ed by the shaded,rectangular area in the fig
umﬁr%é %Ba‘EﬂIPPHFe&e%é?WlmﬂBﬁEYlfl@ﬁs'%(a%?%?nﬁﬁé)mba%&ty PerE

nee data is determ ned by a
def‘&%gj?%"{r%@ Prg’nt Alternatively, it is assuned

[00451]at t he probab|I|ty density function p(Ds) is
~uniform 1In this case, the prelinnary false

| acThetianne diffopdhté tdathERE +9daquid, L9 diecehrsutdd from the
~ .. the rectangular area. [0053} FIG 12 is a graph that .
: _dlstrdmbmuajﬂ yhshoorrespendingnchasactevtstic pbinte between the
gove g%escr bed set R(Di,). .In F G 12, ghe set R(Di) '
inpywhcPadbern « he1agt rRCOENISPd ANt Hhes referemge sBectdrn being

oo 5L, LHAETRR Wt e LT bt dara
obtdined based g?i 3 eeﬁ'iEEﬂBQ%i(?l?nM ?Prcb aﬁ%&ﬁ% character1st1c

conponent s e I nput erence

ponﬂﬁCfb@tﬂM@@ﬂeltheOflmﬁlﬂ Qaﬂ;ﬁeﬂkfb@iﬁgchcdglhi‘zéE and "another
included in the set R(DI) is snaller than the

referencespahmmg iz0 refeormeshent asf a Inand1datteddﬁfference data Ds.
dat a or t&(ygabove descri b&% dat a i ', Thus, the

Thl%eFaR Mialtq?s erasgenylalfe BDraded aelﬁea data h@ewgaﬁré:mg an
Th| s set eff tlve en_all. char act

: lﬂi%?ﬂ?’so V?H‘ﬁxi ar Ff}r e, the cRrelniingry, ?ﬁg%et o1“‘(:("_‘31:’1:‘5‘:“-(.’e
- proBAPRRGP PR AL ttﬁ’énijrolﬂaﬂlﬁt?'s%ﬂg%d hepgantity" based on the

candidate difference data Ds is smaller than a "quantity" based on the
‘input difference data Di. An éxample of the quantity is the
_'f'm‘agni_tﬁdef (norm)_." In that case, the prel.imina'ry false accepfance
probability PPRE means the probability that the norm of the cahdidate
N ‘__ difference data Ds is smaller than the norm of the input ,d'ifférence
_ _7--data Di. The "quantity" dépends on models d'escri_bed below.

. [0048] | ' |

New, the technique of computing a false acceptance probability

. . Prpar by the false écceptanee 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 uniform
~distribution model. A set of candidate difference rdata Ds whose -

'--"quantity" is Smaller than the "q'uantity". based on the input difference



that the probability density function p(Ds) is uniform
and all conponents.of the candidate difference data

~ Ds are within the range of [8,1]. It is further
assunmed that, when the conponents dl to do of the
input difference data DI are sorted in order of

ni.tude, they hangthereIation Il dn" { . < ......
data Pidgp: explaeasedlaa R is Thenattt’meapreﬂliniiﬂa)ry falkeracceptance

mn fal se,acceptance probabilify PPRE in

Proi’ﬁ?’éﬁl[:%sfél’ﬁ%%% 3 F‘g PaHerpr apdntharsefesenee pattern
_ P3 i gi ven bythefollovvlng
is @G@ﬁ@f%g@%@@@{ﬂéﬁé{ ‘ﬁ?‘.ﬁ dny=nt frdxn ... f~dx, ...
" [0045) [0055] The prelimnary faI se acceptance
probabl lity P2 is also given by the follow ng:

ursj or]‘ ]9r)rml as to 8. [0056] P2(d"d2...,dn)=
nr 82 (0057§9co _KE(_1rk,Cn-k a, n k ... (7)
Y [ Co=1 ... (8) [0059] Once the

[00% imnary false acceptance probability PPRE is
%ﬁput ed in this manner, the faI se acceptance

T R I AT
of th@' 8BoveFhRIRPHREA CStP RAPAD! | 'IW;SPEQBJH&FHJ}% tBhE%he input
: d1fference data Di is a two-dimensional vector ie, Di =(d1, d2). In
~ FIG. 9, the "magnitude (norm)" of the difference data is adopted as the
nbove mentioned "quantity.”" That is, the set R(Di) includes candidate
_ difference data Ds whose norm is smaller t_han the norm of the input
differenc_e data Di. Thus, the set R(Di) is defined by the shaded
 -circular area in the figure. The pro.bability-denSity function p(Ds) of
the candidate diffe:t"en_ce data Ds is determined by a preliminary
éxperiment. Alternatively, it is assumed that the probability density
*_function p(Ds) is uniform. In this caise the preliminary -fal_se
acceptance probablhty Perr is equal to the 31ze of the circular area.
foos®d o . |
| - FIG. 10 is a graph that conceptually shoWs another model of the
| '-_a'bove-mentioned'set R(Di). In FIG. 10, the "product of components"
: -of the dlfference data is adopted as the above-mentioned "quantlty "

That is, the product of components of candIdate difference data Ds

- included in the set R(Dl) is smaller than the product- d1d2 of the

i_'components of the input difference data Di. Thus, _the-set R(Di) 1s' '
' .'deflned by the shaded area in the ﬁgure It is assumed here that the |

. probablhty dens1ty function p(Ds) is unlform and all components of the
candidate difference data Ds are within the range of [0,1]. When the‘

> _prehmmary false _‘acceptance probability Pprg in this case is expressed




- therabeve-saenft gatoBAD)

correspondence probability conputation unit 32 to
finally conpute the false acceptance probability
PFAR. For exanple, the fal selgcceptance probability
conputation unit 33 conputes the fal se acceptance
probability PFAR by multiplying the prelimnary false
acceptance probability PYRE and the false
as €or tesppnebncimprpfabid iscgePELRcE ogedthability TPy fsabbeen by the
accept ance probability conputation unit 33 then
follgwtipg: formufaed aekpt ance probability data 133
[Ooépii cating the conputed fal se acceptance probability
Rto the output unit 4. {0060] As shown in FIG 1
the output upit 4 receives the false acceptance
pr 8abi.ld, Dy f:{at a 133 dw,ény.t.be, f al se_ggcept ance
probabi l ity ““€ofjlftdti on unit 33 and outputs result
data 141 indicating the false acceptance probability
{00BEAR The result data 141 al so neans the security
strength of the pattern recognition system 10 and the

evgligat i v Jfor It he pattarn besides the false
acc g‘t’é'h&-c)'g" H gﬁgbiﬂkl_tl%)!té&g( e patter(g)’recogniti' on
- result. {006 The' fal'se acceptance probability
%c@flp i ﬂpj ectiqd;d 0 poth the
wh [ :Erg%ggl% a gﬁgﬁe‘gﬁ/g?&%ﬁfspgi— gﬁ%éh %al se
[0052]} r espondence probability conputation unit 32. In
that case, the difference data detection unit 31

prBiGddd idhe dripér tnse cdacaptidallyoshbetdstitk ahather model of
correspondence probabi |l itﬁy con%ut ation unit 32 and the
)i t yncdidfut Al dheuficomzdneiits” of the

.pofal se rrespgndence probahility conputation unit 32 .
diffprente datans Aonetrdiad thebessanaphianed Sanemtity” That is,

- : t | C e prphabidi t. . '
egclggénpu it I%lgt lﬁﬁé@ﬁﬁ%g%é%%%%ceo d)at%;a Dé 1¥1cluded-1n.the_set
'R,(Di) is smaller tha;l the corresponding one of the components d1 and

- d2 of the input difference data Di. Thus, the set R(Di) is defined bj'

_-thé' shaded rectangular area in the figure. The probability density

- function p{Ds) of the candidate difference data is determined -b'y- a

_preliminary experiment. Alternatively, it is assumed that the

o probability density fur;ction p(Ds) is uniform. In this case, the

‘ p'reliminary false accepfance probability Prre is eqﬁél to the size of the
_ recf.angular area. o | | |

" [o053] o -
| FIG. 12 is a graph that conceptually shéws a still another model
~of the above-déscribed set R(Di). In FIG. 12, the set R(Di) includes
“the set R(Di) shown in FIG. 11. The set R(D1) further includes the set

- R(Di") determined in the same manner as in FIG. 11, wherein Di' = (d2,

- d1), ie., data resulting from rearranging the cbmponen’cs of the input
- difference data ‘Di.. That is, each cdmponent of candidate difference

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



- [0055]
R [0057]

| ..',[0059]

The above-descri bed processing in the data processing
section 3 nmay be perforned by a conputer. That is,
the processing in the diffexgnce data detection unit
31, the fal se correspondence probability 22
conputation unit 32, and the fal se acceptance
probability conputation wunit 33 is each witten as a

com@mnecfmtwuamfmdeedaw RBi oot tadlovd-886etibed data

FI G is a flowhart show na the summary of the i
Di'. pa't{‘them th@e@@@rﬁ’»@ohmeidﬁue chyritimghtdladcharear n the figure.
e .pres vention. First, .the
Th%aﬁq Pﬁﬁiﬂ getiye; §1ﬁn tseﬁ Cﬁ*earp?é%tpémm mpints paye similar

naty e SRpet 43 H%?iref A 06 RSB RAUETHE | 15t ied hore

: tha§h§h§0t;§1‘db°—~ilﬁ1‘ht9ua&éhé ifge f@hetibh % sdahzi\u%&ﬂmangnd all

the reference pattern ta 112 (st

comthfrf@ﬂ%@ﬁtHetcﬁnﬂiﬂat@C{ﬂiﬁ@ﬁeﬁé}ﬁdaﬂiﬁ’@ﬁ sfe W1th1n the range of
haracteristic points (ns) in the-input pattern, the

- o, 1i-urrﬁérlSoqu#fafla@lSeumedctlpat,nWsheémft)he nompenenterdahd@ dn of
' atter he nu (0] correspon n characteristi Cc :
 the gy £ ﬁéereaﬁa"aﬁéa fé?,suara.wpretlegn 2 @Eler O magpitude, they
_ he f al e S epce: rob i]iqt :
o hav%&r}ripeu? giatéﬁ E‘F)tl |32* 'r‘éte%ve % P@Pq QIF \{)Lérallgﬁumber)

| i A S BRI g oo is
- exprdesddlfe Pacekhot ppeHnphobapifalby seeaptaaideoprobdbildy Pz is

“receives the difference data 131 and conputes the

'glvegr byi the folowangefoaxnrela dnce probability PPRE based

[005% the difference data 131 (step S4). The false
ceptance pr obability conputation unit 33 also :
corrput es the fal se acceptance probability PFAR Using -
he (gomau)edr fadse, ccf’aﬁsponde § probability PFCR
ané t'he &onpwt ed"piels.m hary f' se acceptance
~probabi | i ty PPRE ‘

The prehmmary false acceptance probability Pz is also glven by

o the followmg recursion formulas 6 to 8.
- [oos6]

' Py{d,.d,. ,d) niC, - ..(6)

_‘ - 1 _"‘ ._1_1_ ."k

C, _kzlj( 1f €.t A7)
[oos8]

Co=1 .8

Once the prehmmary false acceptance probability PPRE 1s

 computed in this manner, the false acceptance probability computation
_unit 38 integrates this preliminary false acceptance probability Pere

) ~and the - false correspondence probability Precr from the false




(step S5). Then, data indicating the fal se acceptance
probability PEAR is output fromthe output unit 4
(step S6). {0064] Advantagespjof the pattern
recogni tion nmethod, systemand program according to
this enbodi mrent are as follows. The pattern
recognition system 10 according to the present
corresputdence priobaddlithecorhphda tiod nasRBRIescRnally compute the
probability conputation unit 32 and the fal se Zi}f
falsgc agpeptrrconuwdibility Peaput flowexampled3thadfdlse acceptance

_ es the false acceptance probability PFAR based
ProgﬁgEﬁEYféteepetateeboﬁoegcé3 ppeaeen e&ytﬁecﬂh&ﬁe @sgeptance

 proByBitilk c¥ehs. Yot CuPSisElvRE it  Rgelipthameeralse  sbceptance
'proBﬁB?Htf"lIiﬁzE Qﬁatﬁ@ téf@é@&ﬁ% g)%ﬁdd}&e Poil)a %ﬁ PloRbgether.

e rererence pattern FRCSS corr spon
Theprfabedi 4 édap thiR '};ﬁ‘dﬂ%lﬁ&?béﬁtd%ﬁﬂaﬁfmeﬁ EGBSGtHEn 3utputs
| ar ger nunber of correspondi ng characteristic points _
falaehancepeanoempmba)bﬂcm rdestpo B hd nelieatigige thet icomputed false
- points n. prel i m nar fal se acceptance
accep s prpba Hety By amre éhemﬁmutn}mﬂnét t he
{00"@]Jant.|ty based on the candi date difference data Ds -
‘ @ smal l er than the "quantity" ‘based on the input

i repasEere e MG, YEBRET Pl sl Y ohidgiver gho false

o acchRtdiRed prebawbility Oa fy L I H0nA EHQ" 180 aecéghaxﬁfeeg%babmty .

i'nvention conputes the fal se acceptance pro
corpfrta thas eanito83 anldy owtptite wsailtndaty Vi4klisdicating the false
acceptance probability PPRE but also on the false ‘

-accmt&@%q)cﬂm&ﬁbzl ﬁcfo&am i t flrForesulbadata, 1die alsobareans the -

secliity” GURERBERaii o Hen DEEAIR | FRPARTIION Savataibp: hcand  the
evaRi2A3R | hYufFARr ALSPRAE N "BBides the false acceptance a

probab111ty of the pattern recognition result.

~ [o061]

The false acceptance probablhty computation unit 33 may be
connected to both the difference data detection unit 31 and the false

c_ox_'respondence probablhty computation unit 32. 1In that case, the

L _difference data detection unit 31 provides the difference data 131 to -

both the false correspondence probab111ty computatlon unit 32 and the
false acceptance probability computatlon unit 33.  The false
correspondence probability computation umt 32 provides only the false

"correspondence probability data 132 to the false acceptance probablhty

| _ ‘computatmn unit 33.

':{0062]

The above- descr1bed processing in the data processmg section 3 - -

B _;x‘may be performed by a computer. That.1s, the_ processing in the

: ' dlfference data detectmn unit 31, the false correspondence probability



the formulas 1 and 5, the greater the nunber of

corresponding characteristic points nis, the smaller

the computed fal se acceptanc&2 probability PEAR is.

This increases the reliability of the system [0066]

Furthernore, in the cases such as identifying a

fingerprint or recognizing an object outdoors, the
conghutatioar ustit S 2juandi thefabfe tbeeptatteprsbhbyktalsmsputation

simlar nature. . In such cases, the nodel shown in
unif) @3 19 ¢acks wadktope asTgatcomputas pregran and gxeqiped by a
co fro;n rearrangi ng the conponents of the input

W H et ence data Di is also used to conmput e the
,[002‘3?' imnary false acceptance probability PPRE.

pecifically, the prelimnary fal se acceptance ,

pr¥hehi 19 tis RPRAokckArt (GHiPRigs @het RAUMHEODAPI bf tdthe pattern
' that each conponent of the candidate difference data ‘
. rec@gnitdosnmédrod hercordéengoto ddpo ditistgemdyqabimeent odf the present.
. I nput di &I,erence data Di or the above-described data . ‘
inveptionth; §irsh.t bae PaHersadada; Ad lavxonaayf to thenpattern input

ok PSS DRSS 5 RIS ARGl o1 ot
thel BTo6AR SR, 101/ SERAS 08 Boule FURLRAELNG quantitios

- of Hlﬁﬁg@tﬁ@rx@@étaf a1 1t B P heCtEfe1ReRaNp htftn WatheM 20¢(step S2).
. [0068] (Second Enbodinment) FIG 3 is a block diagram

. The hiffergnzec datagli8at imrdudes bhe paviben off ehapacteristic points
. system according to a second enbodi nent of the_ present .
- (ns) dpethe gmpuh mgr@ere, thenpaneber eof whagacterishis @oints (nf) in
: thesggwrér?ceFlgatt%rn, the number of corresponding characteristic
points (n), and the input diffefence data Di = (d1, ..., dn). Then, the
"lf.'alse corfespondence probability computation unit 32 receives '_th_e'
: differehce data 181 and computes the false correspondence probability
Prcr based on the difference data 131.(ste_p S3). Then, the false
"acceptance probability computation unit 33 .receive_s the diffefence
" data 131 and compute's. the preliminary false acceptance probability
- Prre based on the difference data 131 (step S4). T'he false a.c'ceptance.- _

o p_roba_bility computation unit 33 also computes the false acceptance

- probability Prar using the computed false corresponden Ce'probab_ility-

: _.PFCR ahd'fhe computed preliminary false acce.pta_nce'probability‘PPRE
| (s__tep' S5). Then, data indicating the false acceptance probability Prar
" is output from the output unit 4 (step S6). |
~ {0064] |
| Advantages pf the pattern recognition method, system and
progx_’am accord_ing to .this embodiment are as follows: The patterzi
. recognition syst'em.-lo according to the present invention iﬁcludes- the

false_'corres.ponde.ﬁce probabili_‘ty_' computation unit 32 and the false



are given the sane reference nunerals, and the
description thereof w Il be omtted as appropriate.
[0069] In FIG 3, the pattepg recognition system 10a
includes a pattern input unit 1, a reference pattern
input unit 2, a data processing section 3a, an output
unit 4a, and a perm ssible fal se acceptance
accppbhnbe | prybabplity WWirhpaitatien dah®& @FNcasd eengeatdPthe false
3a includes a difference data detection unit 31, a
acceptance orpralpobdaic e Bmababasedy omorhhe afalse ueotrespondence
.Se accept prohabi.lity nputation unit 33,..
profab ity Bt Pl @gt%é?lfﬁtlh@tlpaﬁnfﬂqﬁemcqmam probahility Pese.
. ' t. the false acceptance prababil it
Thigl BitrStn e « 58%eRRp 00" FEmphfRR, (A fplse acceptance
I 132 indi . _ _
 proBROIRY Bt 4 LA AERLRA pAISO R Shdebittern.  The
falsteterrasydndenseiprobhbility Peeriissiie priobaiflity of existence of
acceptance probability 25 input unit 5 outputs
a lpsgersyiwinddm| o comespencingy otfeiradtieyistac apoints than the

indicating a pernissible false agceptance probability,. . o
- numbeRRof ccoresnanding CRARAGERTHEHS cROUMS 134 "ﬁm préeliminary
Rernm.ssible fal seacceppance robabj | i ty, PREAR Jis fhe _—
fal RSt hes sobAIIEERERPRE 3o s pepbabhlty HE Rt cfiantity
2 asbd€ on L t f Q13 gt i an. '
baskls ony et Weilidldte Mitterita 498000 | A ppilfdy than the
"quantiyt’abe@edpoebabid ﬁh’g;ﬂ@ﬂﬁ'féﬁ@ué@ddhbﬁ Der miggabipdes of the
. fal se acceptance probability data 151 fromthe false
- "quansypr"ammd ugeotlad iiary ofddprutdaffevenceidatad  and the
- gam ssible fal se acceptance probability input unit 5

[0o pectively. The identity determ nation unit 34 then

| de’l‘ﬁ{ampnaetscern recognition system 10 according to ‘the ‘present
‘invention computes the false acceptance probability Prar based not
~ only on the preliminary false acceptance probability Pere 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 probability Prar. As apparent from

-th_e" formulas 1 and 5, the greater the number of corresponding.

characteristic points n is, the smaller the computed false acceptance =

probability PfAR is. This increases thei‘el’iability of the system.
[oose] |
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' resuiting from

' rearranging the components of the input difference data Di is also -

o i;sed to compute the preliminary false acceptance probability PprE.

‘.“‘.,Specifica_lly, ~the preliminary false acceptance probability Pere is



whet her the fal se acceptance probability PFAR is

smal l er than the perm ssible false acceptance
probability PPFAR |f the fal&e acceptance _
probability PFAR is smaller than the perm ssible fal se
acceptance probability PPFAR, the identity
determnation unit 34 determ nes that the input

comptitedn aandhieh@robbdikingethatt endhacenipeiéntadf the candidate
he fal se acceptance propability PFAR is |arger than
differenne diadsi Bedst samsdlenmtbept the cqyresponding cmeaanent of the

oo 20 SCHRAS DAL 056, D, 81D further
gy AT I Ao i

Prgdeterm nation result to the output unit 4a. [0072]
The output unit 4a receives the determnation result
[o06&]a 134 fromthe identity deternination unit 34 and
-out puts Qut put data 142 based on the deterni nation
r ednl taddifionxakblee, pmbabxlh‘ev patersity docegioni @{Ds) of the

ol R § BRI St gocion
DR LA ok RRTEL R TR PR edguition

3Sysa5ﬁ§m)ed or rejected according to the output data 142.
- Exanpl es of the pattern data 111 that is input to
[0068& pattern i nput” unit include image data about the
customer's.fingerprint, face, and iris. [00731 For

8 eéQdeE@leﬂenealtgour digit personal identifi cati on
for thenticatiopn of a

B s ;hla&k.u éjglia@ PRURS ﬂ.tfqn guration of the pattern
recgghﬁ‘ﬁﬁh' g%t&ﬂ %cep&r‘f'é( o GBELRAT Leibd fn%ﬁ %¢ he present
"mventlon In FIG. 3, components similar to those shown in FIG. 1
~ are given the same reference numerals, and the description thereof
will be omitted as approprlate |
- [0069]
| - In FIG. 3, t’he pattern recognition system 10a ineludes a pattern
! input unit 1 a reference pattern input unit 2, a data processmg
')'__.;-sectmn 3a, an output umt 4a, and a permissible false acceptance
'-"l"probablhty input unit 5. The data processmg section 3a 1ncludes a

dlfference data detection unit 31, a false correspondence probablllty

T computatlon unit 32, a false acceptance probability computatlon unit

o 33 and an identity determmatlon unit 34.

| [0070] | | |
| In thls embodiment, the false acceptance probability computatlon
- unit 33 outputs the false acceptance probablhty data 133 indicating
- | 'the computed false acceptance probability Prar to the identity

o ‘-'determmatlon unit 34. The .__perml__sslble false acceptance probability -



as the security strength) is one ten-thousandth. To

achieve the sane security strength in the pattern

recognition system 10a accorf@bng to the present

invention, the perm ssible fal se acceptance

probability PPFnx may be set to one ten-thousandth.

Thus, the perm ssible false acceptance probability
1anlPﬁAR11{ Hheutputs pelrd) issi b bc tfai/sefraaneptiueece mﬂmalh:thty data 151
. ,strength of the system  The. permissible
in dmtépgar&epem@ lei dglspragceniange s@mb;bljtr\YanEéwb to the

PR R RN e—
pro%‘{’)?ﬁig' P?ﬂ%?‘i&'t‘?{b ?’leé@\‘zcgﬁtﬁﬁgfa%P@Sal@ﬂltgra@%?%&%d by the

processing I n t erence

syst@inedté onhentiresholdh®rf pheterad !’ré@éﬁﬂﬂﬂ@ﬁc €
probabl (i ty conputati on uni't 32 e fal se acceptance

[o0Bidbability conputation unit 33, and the i dent [ ty
deternm nation unit 34 i s each vvrltten as a

- pr $Geatdlentityxdetamaingtion: sinitt 34 re[C@@V/%q they 18@ “agceptance

proPabifiy St ML et i BRissible BEd HrcEhbagenaprobability

N f 1
datg. 1%I1e f?&?l(sﬁ?ltﬁ fhl‘ht\étee% r(]:gﬁ c(ash) F’Q?l?gte%d%ﬁ L#HJﬁ unit 33
and hehdl ff)éf*ﬁﬁﬁ@ﬂﬂét afﬂséeoa:wpwﬂée 3iarebhﬁﬂlﬁy ti@ut unit 5
di fference data 131 based on'the pairs of

respbetizelpr i sThe qdentityi deteriniretipat tarit 84t ahehl determines
the reference pattern data 112 (step S2). . Then, _the _
whethew thy riadgenaceertanedprobabilitipbrae i sh inplley than the

verfissiSRE bR At BEaEaPihily Pren ISeiie et dGceptance
e 3T nd BB o acsptance
probability Perar, the identity determination unit 34 defermines that
the input pattern and the reference pattern are identical. If the false
acceptance probability Prar is larger than the permissible false

acceptance probability Prrar, the identity determination unit 34 does

| ~‘not determme that the input pattern and the reference pattern are

1dent1ca1. The identity determmatlon ‘unit 34 outputs determmatlon

 result data 134 indicating this determination result to the output unit

‘ ta.

foo72]

The output unit 4a receives the determination result data 134
from the identity determination unit 34 and out;iuts output data 142
based on the detérmination result. For example, when the pattern
‘recognitioi‘x systeni 10a is applied to a door control, a ddor is controlled
 t0 open according to the output data 142. = When thé pattern
| j'c'eco-gn'ition 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.



iris

receives the difference data 131 and conputes the

prelimnary false acceptance probability PPRE based

on the difference data 131 (86ep S4). The false

acceptance probability conputation unit 33 al so

conmputes the fal se acceptance probability PFAR using

the conputed fal se. correspondence probability PFCR
Examgleteofc thpupatitqmeldatiandrdyl thhéels anpept tmdhe pattern input

.probgbility PPRE (steg S5)._ Then, the ideptity .
unifersiRdeaitEafatas s dhes customans singespripiseface, and
acceptance probability PPFAR and the conputed fal se
accept ance probability PFAR to determ ne whether the

[00@9] se acceptance probability PFAR is smaller than the

perm ssi bl e fal se acceptance probability PPFAR (step

ST¥or Togantplled Uividad & Yoar-dibitapePSohl idetdificatidrmumber
result i's output from the output unit 4 (step S8). :

- (PIN)GEchsed fordaithenticatide oy peragmsasfa commias practice, the

o odi mrent, .t he attern recognition syst 10a. _

- progggbhtwg fadsemuthenticationdsi Mtsystpemn?g]egeaﬁ@r referred to
f;0l | owi ng_adyant S. In the pattern COgRi tion. . o

as U s P SRRAN s pBe e B RobF e ‘T afRieve the same

oo BBy ERIFE D) e Faliis! 2Rkoenftph YRR, 102° according to

" thef pregent captamEiony’ PhabpbiiisBHARfals@. acddiftss@ipiobability

strength of the system This ensures stablée security ‘ _
Perat moagt be ¢t $odneden-thousanditlencEhof, tihe perasissikle false
"to the security strength if desirable  fromthe

accep aRer nPrebadylity mbprarat the Fbmsl}olcﬁhedire?:tly means th'e‘

el P Y AR N S oL b e Sef d%ptance
- -prdeBﬂ‘i’fﬁF 'P‘p%;hquﬁapg%'%ég'ritnh %B[%fgg%%o LEEHIN ALY a18E %aéhe dgta |

Tecogni ti-on,

~ processing section 3a.

[0074]
The above-described processing in the data processing section 3a

may be performed by a computer. That is, the p"rocessing in the

differen(_:e data dete.ction unit 31, the false correspondence probability

‘computation unit 32, the false acceptance pi'dbability’ computation unit -

33, _and the identity determination unit 34 is each written as ' a

§ computer program and executed by a computer.

o075l

-_FIG. 4 is a flowchart showing the summary of the pattern

recognition method according to the second embodiment of the present

~ invention. 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 chara_ctéristic quantities -

of the pattern data 111 and 'the reference pattern data 112 (step S2).

Then, the false correspondence_ probability computation unit 32



28 Regardl ess of the above-described enbodi nents,
various nodifications may be nade to the pattern
recognition system pattern 2Fecognition nethod, and
pattern recognition program according to the present
i nvention w thout departing fromthe spirit thereof.
As an exanple, since the input pattern and the
recefes enldee padifferenee tdesaed 13ds aapdi r conlpupes t ethe false

corl o B e B e B ATBY 1 Gt
9L, PP AP APt BRIl gt e o

recéPd QHeHiFBrohcd Pild eff)gll, a[ﬁ&o%{#}h LRBsSHRE %‘i'eliminary false

according to a first enbodi ment he prese
acceptvante QrobalElit? Psri@ bidsedbarthe deffengnae Rbite131 (step S4).
.. recognition method according to the first enbodi nment
Theffalse greepdancenpeabablityl @mputetion eoit dhglam computes
hS vlvingaconfi uration_af. a pattern _recaognition ‘
thesjalgen accePtirnget o8 i msigofthenecompatad false

 corfERAAlge, b Frch R hengo il Sinsdimipary faloe

' : pr bi ntj 5 igg)a con al (YLeW: 3. st
_accgégémﬁﬁ%’ aﬁg(?g%lrﬂllgeéfi ol!rzp%&% F(cs:]égpactsg)r)fsti c%%ﬁﬁtstlﬁﬁ aﬁdentlty

deterpihapiin eunit FBE c@rhpaesOnhePimidibls hoylsed #cceptance

~ . distribution of characteristic points in a reference - -
- probability;Pritag and ¢he comgeptediifalsewcebpbange probability Prar

_ et erm nati.on of ﬁor 8jspondence bet weep t he L

to ming wehethep thestalgeaerentanaecprabability Prar is smaller
than the permissible false acceptance probability Pprar (step S7). The

- output-data :-1-42 indicating the determination result is output from the

- output unit 4 (step S8). |

[0076] , |

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 inpﬁt patterns is-sét'to be constant.

. Furthermore, the applied threshold directly means the permissible '

- false acéeptance probability PPFA}i, i.e., the s’ecurity strength of the
‘system.  This ensures stable security strength. This direct

'VCOr.resp()n_denc'e of the threshold to the security strength is deéirabl_e

- fromli_:he viewpoint of system operation.

[0077]

. The above-described pattern recognition systems 10 and 10a are
' appli(;able to _speech recognition, fingerprint identificati_on, optical . -
character recognition, signal recognition, and so forth. | 5

| - [oo78]



detection unit; FIG 8 is a conceptual view show ng a
distribution of corresponding characteristic points;

29 FIG 9 is a graph show pg an exenpl ary

di stribution of candidate difference data; FIG 10 is
a graph. showi ng anot her exenplary distribution of

candi date difference data; FIG 11 is a graph show ng

sRdgamdiesber ofxetpt ar yhdvetdédittibed embedidhdate various
difference data, and FIG 12 is a graph show ng still

modafioabionse vemy | ke ynaidsthoi tlue ipatteoh vemgindbion system, pattern
di fgerence dat a. scription of Synbols [0080] 1
recogRdtigmh methind.uan QaF‘é’fTé’r éﬂ@%glpbttmarwqgwn agnardigg to the

presi it i RESRERH WibGily ABoda Bt ol the’ DT BReredt. As an
exm%l;qg,ggmeéJEhaxi&gfne dgégsealg{r 8 fho %tfér@ﬁéfggce&ff farfe treated

Se corres Ity conpu I on unl

“as a3paig tee gmmemr@@taprquamh the GAPRUL & tRE fé’fei'eﬁée attern
|genltq|ty etermnation unit y111 pg{&tern data 1 P

inpytaumat r aed aﬂIeerefanemmapattdm dretine ﬂ@rlcma;;athee nnput to the

dat
. patternamput umt 1.

BRIEF DESCRIPTION OF THE DRAWINGS
| [0079] |

FIG. 1 is a block diagram showing a configuration of a pattern
recognition system  according to a first embodiment of the present
invention; |

FIG. 2 is a flowchart showing a pattern recognition method
according to the first embodiment of the present invéntibn; |

| FIG 3 is a block diagram showing a conflguratlon of a pattern

recogmtlon system according to a second embodlment of the present
invention; | -
| FIG. 4 is a flowchart shdwing ‘a pattern recognition method
:acctl)rd'ing to the second embodiment of the preSent invention;

FIG 5 is a conceptual view showmg a dlstrlbutlon of
,characterlstm points in an input pattern,
'. FIG. 6 is a conceptual view showing a  distribution of
-'characteris.tic 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 v1ew showmg a dlstrlbutmn of

correspondmg characteristic pomts, _



122 reference pattern characteristic data 131

difference data 132 fal se correspondence probability

data 133 fal se acceptance pEBbability data 134

determ nation result data 141 result data 30 142

out put data 151 perm ssible fal se acceptance

probability data 31 CLAIM5S 1. (Anended) A pattern

r e¥d6ni ¥ isra gyspbnshomeneg anteesdpdary b stribméiomfof candidate

.oLorresponding characteristic points indicating points
dlf’%SF’Pégpfg‘h’iﬂ’ng bet ween characteristic points in a first

pa nyang. c cteristic points,in a _secand patter .
PRET6 187 fe FL B -SRbguBenRobsh, Bxe iRty 2ibfiBusion of
canﬂi&%@idiffdé&eﬂc%d&&@%ﬂ ng the probability of existence
- of athird pattern having a greater nunber of
cobl&spbhdisng graphciledwihiCsiiti ahdthertdeerhiplaty distribution

. pattern than said nunber of the correspondi ng
of camalideterdifférenye data; andd the pattern recognition
sy efers to the first prqobabilify to conpute .a . .
fa?igaﬁgﬁ %rﬁ’@@ﬁoﬂ&‘bﬂpgysﬁlﬁdﬁ@@ﬂ? A5 expmplary distribution
i lit:ve0f fahsely determning that the first
_ch%(%g?@?‘,qeacﬁ -qrﬁ&cfeé%ﬁ%‘ pattern correspond to each
- ~other. 2. (Arended) A pattern recognition system
~wherein the pattern recognition systemdetermnes a

- Deddriptiovesf Bymbold udi ng differences between pairs of
L ‘[OOIé:S]rrespondi ng characteristi c
1 pattern input unit
2 reference pattern input unit
. 3 data processing section
4 output uhit )
5 permissible false acceptance probability input unit
10 pattern recognition system
81 difference data detection unit
,-.'32 false correspondence probability computation unit
33 falSe acceptance probability computation unit
- 34 identity determination unit
111 pattern data |
112 pattern characteristic data
121 réfereﬁce -p attern data
122 reference pattern characteristic data
131 difference data |
132 false correspondence probability data
133 false acceptance probability data

134 determination result data

S _.'141. ‘result data



poi nts indicating points correspondi ng between
characteristic points in a first pattern and
characteristic points in a sa&fond pattern, the pattern
recognition systemuses the first vector to conpute a
second probability indicating the probability of
exi stence of a second vector having difference
142 oryskont dabat ween pairs of correspondi ng
har act er oints determn weep the first
1E’gat Pe‘flﬂlﬁl‘g’tl‘é&ﬁ E'pﬁFF%PFﬁnﬁ%d"l"%@%é .Yéf atar ecogni ti on
systemrefers to the second probability to conpute a
fal se acceptance probability indicating the
probability of falsely determining that the first
~pattern and the second pattern correspond to each
other. 32 3. (Anended) The pattern recognition system : . |
according to claim 1, wherein the pattern recognition o
- system determines a first vector including ' |
di fferences between the correspondi ng characteristic
.points in the first pattern and the associ ated
correspondi ng characteristic points in the second
- pattern, and the pattern recognition system uses the
first vector to conpute a second probability
i ndicating the probability of existence of a second
.- vector having difference conponents between pairs of
correspondi ng characteristic points determn ned
between the first pattern and any - pattern and’
comput es t-he fal se acceptance probability based on the
first probability and the second probability. 4.
(Amended) The pattern recognition system according to:
~claim 3, wherein the fal se acceptance probablllty IS
conput ed by mul tiplying the




first probability and the second probability together.
5.. (Anended) The pattern ;ffogniti on system accordi ng
to clains 2 to 4, wherei he second probability
indicates the probability that the magnitude of the
second vector is smaller than the magnitude of the

first vector. 6. (Anendgd) pattern recognition
ELATYS

system according to cl o0 4, wherein the second

pr pbab i i i . ) t:he product

fP't e 8%‘%&2%??%@@%@@@?@%@@%@R’Yrﬁérseﬁm | er than

t heagsddyist thé nitebeLBPNRREEsRInding fdathctdgdiqs - Rgﬁlts
. 7. (Arended) The pattern recognition system according
indicating poirdsZorvedpondierehatwaen shaendtarishiepointsyin a first

i ndi ca&es the probability that each conponent of the
patteapomad vharaetaristderpoints irhasecord qutterspondi ng

f the first tor. 8. (Arended) Th .
oA B HEER o P ER RIS B IREE oF RBHTED  ac Firsie Ppokability

L e e T N
s, SRBFCOF EARIIIAY KRR IEAE Y s

pattefrnt tieas edddnuesh@r of S;h%ned)h@ﬁ:?phﬂiﬂg dh@racteristic points,
correspondi ng conponent of the first vector and the

andevent that each conponent of the second vector is
smal I er than the corresponding, conponent_ of the third

vt PALLETTY ZREARRIGIOTTBYSERIM: BIATS doothe itsh prpbability to
com%%%grg' Bdsé oaéa(:r%tance probability indicating the probability of
falsely determining that the first pattern and the second pattern

correspond to each other.

2. (Amended) A pattern recognition system, wherein

the pattern recognition system determines a first vector
including differences between pairs of corresponding characteristic
points indicating points corresponding between characteristic points in
a first pattern and characteristic points in a second pattern,

the pattern recognition system uses the first vector to compute a
second probability indicating the probability of existence of a second
vector having difference components between pairs of corresponding
‘characteristic points determined between the first pattern and any
pattern, and

the pattern recognition system refers to the second 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.



of clains 2 to 8, wherein a distribution function of
the second vector is unifq;g’n 10. (Anmended) The
pattern recognition systemaccording to any of clains
1to 9, further conprising a difference data detection
unit, wherein the difference data detection unit

r esef iJ5t LSEd Eons Lndj.catlng. .

cro SYRnddd TROTATAS bbhokniti] st Hcbhinld Fg i
1, wHereagteristic data indicating the characteristic

points in the second pattern, detects the

carhees pattirmg réwgadtieni s¢ysiepoi Mletehasess oa tfifst vector

first characteristic data and the second :

- inclyding digierenres betweeanthe conpespandingf ehasrasteriatia points

in thE, CEEh PRHSER: frantas SSvEinied: aPHgpondbes AEaCtonstic

_pOiri%EEeihng}%r%%%gq é%ﬂe‘f‘ﬂcﬁn ata includes: the nunber of

rc pbints in the first pattern; the

n%ﬁepaﬁﬁerhhﬁec%gﬁﬁﬁéh%&s? #fuB8s the ﬁlgélt:]xga%t&e t8%Wmpute a

- pattern; the ntnber o e correspon

secotitaprobabilsty indivatirg thedprébubility Séf ¥LeEt&kce 3 second
wherein the fal se acceptance probability is conputed

vectpshavilg differencs eosmpenehitsa betweenApairdeof cdesponding

attern. recognitjon syst according to any of clains
Chal%cttﬁmﬂl,c P@F&Fﬁeﬁeg%%m tareendhe dirshipaitern and any

patHERCRRC Bt W hBod o BEAL b B on e

ﬁrstgﬁﬂﬁ%ﬂiit?éﬁgﬁf?}éggﬁgé&?q?%[ﬁ%gﬂ%%hreshol d, and outputs

compar tern recognition
system according to claim12, '

4. (Amended) The pattern recognition system according to
claim 3, wherein |
the false acceptance probability is computed by mﬁltiplying—the
first probability and the second probability together.

5. (Amended) The pattern recognition system according to

claims 2 to 4, wherein

the second probability indicates the probability that the

- magnitude of the second vector is smaller than the magnitude of the

first vector.

6. (Amended) The pattern recognition system according to

claims 2 to 4, 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.



wherein the identification determ nation unit
determ nes that the first attern and the second
pattern are identical if t fal se acceptance
probability is smaller than the predetermn ned
threshol d. 14. The pattern recognition system

accordi toa cl ai 1 to 13, wherein the first
patt dr n%&n@ﬁ@/ sﬁ?@nBaﬁ'g.]{;{Brtnerrﬁc%’é‘qqfhgsé’ﬁﬁ?mntaccordmg to

claiffd © . . (Anended) A pattern recognition mnethod
lgggn'p?ibglgr%h%ﬁeem steps of based on the nunber of

cothiespesdidOps 31t | isildi i bRl als) i n
correspondi ngpbﬁ?é\/\%g%9chlzl?§%%rgi ;tﬁ%c %@r@g}#ﬂ 3H$Fr§?°h

comp®nepet vErtheasdcondr aetteri & isnalenttham theS @6PRA%ponding
pattern, conputing a first probability indicating the

Comﬂo@@éﬁiqfitthﬁn%f%éﬁﬁ@@ence of a third pattern having a
greater nunber of corresponding characteristic points
‘to the first pattern than said nunber of the

corres i teristic oints; and,referring to

the bt rQPHERRRRTCTRE Balfray sePasiivion S3okeme peanbing to
claiRis0R2bid i Nepdifi cating the probability of falsely

determining that the first pattern and the second

pad tidrind cwrotes deal compasdnty hesulti®e OHRE 'i'@ﬁf‘farf%iglg the

pattern recognition method conprising the steps
compenenits of the dirst vettorpamt i ncl udi ng differences

oo 4y B oy o s O
e8GR o S S ehch P tor i omale
thariﬁin e g?ﬁ%%ﬁnH?nﬁ%HﬂibSn@nfe&oﬂge RERR20L o Yand the event
that each component of the second vector is smaller than the

corresponding component of the third vector.

9. (Amended) The pattern recognition system according to any

of claims 2 to 8, wherein

a distribution function of the second vector is uniform.

10. (Amended) The pattern recognition system according to
any of claims 1 to 9, further comprising a difference data detection unit,
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

computes difference data indicating the detection result.




the probability of existence of a second vector having
di fference conponents betﬁen pai rs of correspondi ng
characteristic points dete¥rm ned between the first
pattern and any pattern; and referring to the second
probability to conpute a fal se acceptance probability

i ndi gat i th bility of falsely determ ning that
the r(g%”ﬁgﬁte@p (r?PEﬁdp@ B crRgTakpNepYStesk racoesding to
. a her, g nded) .T attern recognition
daﬁr%gtlﬁb%%%&Pﬁg%gég?%%%@c tising the steps of
- detes R : : . i £ o _
ot nenn ek 8t the EharatietlotiChottitsdf die hRPRRRrm,
t hehd hustb@adf e phﬁﬁaéﬁé‘i‘istﬁ?ﬁ@ﬁit@tiﬁ%}féoééc%%ﬂogﬂgﬁgn;
characteristic points in the second pattern; n
usthegnuinebér ofthe earrespoadingphbeacteststingofitebabid ity
[ n&ﬁiﬁti ng 36 the probability of existence of a
s€ rgle¥edornading difference conponents between
paj f rr ondi ng,characteristic points
d%@?ﬁﬂ’e%ﬁseﬁiﬁ%&%Cﬁgtﬁp?%tprﬁgﬁb W anrosmpuped tased on
the aifefdilUdAi#lg the fal se acceptance probability based
on the first probability and the second probability.

18. (Amended) The pattern recognition nethod according
to claim17, wherein the fal se acceptance probability

i s cdBpdfevengedhThel yattern hecofhitibnpepiteli | ddraik to
t he second probability together. 19. (Amended) The
anyp 0k ethaimsc odni ta od lyetiusthec copnipising  ahai ideritficmtion

18. . wherein.the,second probability indicates the
deteSaisiation it hore
the identification determination 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. (Amended) A pattern recognition method comprising the
steps of:
based on the number of corresponding characteristic points

indicating points corresponding between characteristic points in a first



magni tude of the second vector is smaller than the
magni tude of the first veg%or. 20. (Anmended) The
pattern recognition nethod according to clainms 16 to
18, wherein the second probability indicates the
probability that the product of the conponents of the

pat RO RAd b GeteReBaiRt it Rorecond DbisinaBomomiing a first
. iti . LE i e, L6 t

oAy RN 8 FISARSER i 1.3 ke

havinghagirbater hb@ibeael coﬁﬁ%@ﬂiﬁg@héﬁ%t@ﬁ%ﬂﬂquiﬁﬁée 26 the

is smaller than the correspondin componen

first i patteyectan 22id (mmbéeddf The poticypondagIbhitaiteristic
et hod according to 37 clainms 16 to 18, wherein a
points @@d/ect or has components resulting from rearranging

th onents he first vector, and the_second
prﬁ%ﬁgﬁrﬁp& ;ffoir}:]i’& gé?t&ﬁoﬁ?é%&l%éﬁi ¢ompude adgilsmacerptance
n. e seach. co e f .the.secon
proBEhHES AEABHRL bhé Rl ileg I BUSE e e BB 36 .qflas;the
i ' ) ent o
R A G I e LR B
conponent of the third vector. 23. (Anended) The _
pattern recognition nethod according to any of clains
15 t d624Amendad) A qattesi mgcogritiée pnedhod ompiiting the
the,fal se acceptance probability and a predetermn ne

steRs?fshol d: and deternmining that the first pattern and

t h&et%%%%rﬁ%lgaé st Vector including differences between pairs of

corresponding characteristic points indicating points corresponding
between characteristic points in a first pattern and characteristic
points in a second pattern;

using the first vector to compute a second probability indicating
the probability of existence of a second vector having difference
components between pairs of corresponding characteristic points
determined between the first pattern and any pattern; and

referring to the second 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.

17. (Amended) The pattern recognition method according to

claim 15, comprising the steps of:
determining a first vector including differences between the
corresponding characteristic points in the first pattern and the
associated corresponding characteristic points in the second pattern;

and

using the first vector to compute a second probability indicating



identical if the false acceptance probability is
smal l er than the predeteryined threshold. 24.
(Amended) A pattern recognftion programfor causing a
conmputer to performthe steps of based on the nunber
of correspondi ng characteristic points indicating

. 4 haract o etoristho cati g
the PByBbEpAfty] 0 BRISAReS ot SR s6ead cvertoR: having dilfenence
) [ Afi i.lity.indicati,ng th
ngﬁ%ﬁt??ﬁbt?l B, Yaits | o LorRihabtihi! XhalfefRichd bfhts
etaymiial bavieen (e EGRLE ?&I@ﬂﬁ‘i‘i agdﬁgﬁ@atg@rf,h%ﬁd R8P Fting

to the first pattern than sal
the dalseeapeeptiamge ghabadiitity Seised poithiestirengrateiisility Hhd She
the first probability to conpute a fal se acceptance
Secwie;eagbabﬂs,m ndi cating the probability of falsely
determining that the first pattern and the second
pattern correspond to each other. 38 25. (Anended) A

pat t g pn (mes I rogram for causing a,, C uter.to

per f 40m (HACHHEHL The AN rkashiiten dulthedchecording to
claiinth Ugigethh f f erences between pairs of corresponding

characteristic points indicating points correspondi ng

betthee éalsehaccrptante tprobadiility ié feodn pifet bﬁaﬂtﬂ%ﬁ)lﬁﬂ% the
. characteristic points in a second pattern; using t
first prahahididy and the sapond probability tuzethbr. i ty
indicating the probability of existence of a second
vector having difference conponents between pairs of

corregponding,c cteristic points, determnped . |

bet waeh \RBCRAFEE THR Platienh aB8hg0 ian anathemaceording to
claim®f 86 £ B, LehdRgnsecond probability to conpute a false

acceptancé ‘probability indicating the probability of

faheel yectaidr probabilityat iddieates the probability that the
magnitude of the second vector is smaller than the magnitude of the

first vector.

20. (Amended) The pattern recognition method according to

claims 16 to 18, 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.

21. (Amended) The pattern recognition method according to

claims 16 to 18, wherein
the second probability indicates the probability that each
component of the second vector is smaller than the corresponding

- component of the first vector.

22. (Amended) The pattern recognition method according to



first pattern and the second pattern correspond to
each other. 26. (Anmended) The pattern recognition
program according to cl ai ¥ 24, conprising the steps
of determining a first vector including differences
between the corresponding characteristic points in

.t he. Li,r pajtern and the associated correspondi ng
Clalmw%léé{)ﬁ% ‘f’i"@r% nts in the second pattern; and

usj .t he first ctor to compute.a segcond probabi|ity

i S e R S isthpbRe T e idpe ram iearsansing the
com{fiedits RIVhOSiFt V&R 6H Ging COMPONENt s betueen pairs of

correspondi ng charactéristic points deternined

betheearecohd pirobabiityt ¢ndicane i i
conmputing the fal sgwtaccei)t ansé:mp/)er @%?E?P?]f‘?’a%sle(’o@%%l OR

between ftheseventothak bacly canpditent o tindemsdakictort i saller
thad TR eheotindinh Shonased ok bop: rarovorispabn s cvent
ORGP 0, S Y (Rt
corng8bbRRhg EoR A b ARNIBRUSRENY Mhai cates the

probability that the nmagnitude of the second vector
is smaller than the magnitude of the first vector.

29. Zﬁ_rréﬂdneh)ldiﬁ)s Ted tpertberre @0 hiitddh RLeEREI according to
according to clains 25 to 27, erein the second

any g, $ iloyta Adi Bather chmprisingbthé siepshaf t he product
of the co ne tf of the second _vector is smaller than
t ﬁ@%pgy&{é{p glg,@ alse acceptance probability and a predetermined

- threshold; and

determining that the first pattern and the second pattern are
identical if the false acceptance probability is smaller than the
predetermined threshold. |

24. (Amended) A pattern recognition program for causing a
computer to perform the steps of:
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, computing a first
probability indicating the probability of existence of a third pattern
having a greater number of corresponding characteristic points to the
first pattern than said number of the corresponding characteristic
points; and
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.



the conponents of the first vector. 30. (Amended) The
pattern recognition programaccording to clains 25 to
27, wherein the second pro%&bility i ndi cates the
probability that each conponent of the second vector
is smaller than the correspondi ng conponent of the

[ . Amrended) The pattern recognition
pr ogrin CAB6deR) Aobatieannecagri bon, proguems foracawsing a
[ ti from rearrangi ng e
corﬁ’clg&nfpeg{]tggﬁirt‘éfﬁ{) ne%e?pg&\g/gct IoPg and the second R
ihidhe HdE.cat 'Y of | qgica .
Dot noanirifie, B At bl InphaRs difdreBres REtEZennixs of
cornosgioniling lBtdeteristRarbdifies CRIdIERARY ign £O IR Hing

the first vector and the event at e compon

betwrens ebandcteristic paintsedd ex fifstn pditeri® MA@ SERAHAREristic
onent of the third vector. 40 32. (Anended) The

pongt%tr?neﬂﬁefi%ég}ﬂtﬁ?ﬂﬁ program accordi ng to any ?f cl ?Lgs
[ t to perform
£ oirig Hhe s s P RGO Pt ar sbacnd @tpb{lzb{iéiftg indicating
I Bl i BSti ints ,in e.fir
‘the BROEAANY 0TS LhREAG "BETL  Ferdiel ifetor nliRving niiffarence
compoents e bebiveenP Pditrs of EB&&@BBH% atchggggtgg%&ﬁc? : hn ts

the correspondi ng characteristic poPnt’s

deteflimme(bhatweenmhetfimt@mem@nﬁhﬁnyg_ﬂt%‘ﬂl; and
characteristic data, and conputing difference data

i epfertingto the seeend irobabakiy to cohepwlief ﬁ&hﬁ@&g&ﬂi@nee

i NC. [ th er of the characteristic points in
proh g5ty Gfigatng: Hic urohabukty ofrselycHatemn aring! that the
first’Pat¥ein'dhd the second pattern correspond to each other.

26. (Amended) The pattern recognition program according to
claim 24, comprising the steps of:
determining a first vector including differences between the
corresponding characteristic points in the first pattern and the
-associated corresponding characteristic points in the second pattern;
and
using the first vector to compute a second probability indicating
the probability of existence of a second vector having difference
components between pairs of corresponding characteristic points
determined between the first pattern and any pattern, and computing

the false acceptance probability based on the first probability and the
second probability.

27. (Amended) The pattern recognition program according to

claim 26, wherein

the false acceptance probability is computed by multiplying the



the second pattern, the nunber of the corresponding
characteristic points, and the first vector; and
conmputing the fal se accept%&ce probability based on
the difference data. 33. (New) The pattern
recognition programaccording to any of clainms 24 to

32, further causing a conputer_to performthe

first gro \ibw: ant? &fle @Gﬁ%&inr@bamhhatwtbcne pt ance
probability and a predeterm ned threshold; and (D)
determining that the first pattern and the second

at t ern (ar, j ' ' . 9C nce .
b b | Afentea THE paftert et il Rk Gaccording to
claibdy 256!, wherein '
the second probability indicates the probability that the

magnitude of the second vector is smaller than the magnitude of the

| first vector.

29. (Amended) The pattern recognition program according to
claims 25 to 27, 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.

30. (Amended) The pattern recognition program according to
claims 25 to 27, wherein
the second probability indicates the probability that each

component of the second vector is smaller than the corresponding

- component of the first vector.

31. (Amended) The pattern recognition program according to

claims 25 to 27, 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.
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32. (Amended) The pattern recognition program according to
any of claims 25 to 31, further causing the computei' to perform the
followings: '

receiving first characteristic data indicating the characteristic
points in the first pattern and second characteristic data indicating the
characteristic points in the second pattern, detecting‘the corresponding
characteristic points based on the first characteristic data and the
second characteristic data, and computing difference data indicating
the detection result, |

the difference data including 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

computing the false acceptance probability based on the
difference data.

33. (New) The pattern recognition program according to any of

claims 24 to 32, further causing a computer to perform the followings:

(C) comparing the false acceptance probability and a
predetermined threshold; and
(D) determining that the first pattern and the second pattern are

identical if the false acceptance probability is smaller than the

~ predetermined threshold.



