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I nvention The present invention relates to a personal identification

nmet hod, a personal. identification apparatus, and a conputer readable
recording nediumthat stores a programfor realizing the functions of the
personal identification apparatus, whereih, in personal identification

using data indicating physical features, such as finger prints, of the
subject, the determnation of identification is carried out using as a
reference the degree of simlarity of these physical features. Description

of the Relat ‘I‘EIQSDI}TAE? IE%N‘P‘TﬁE APION I\f%g}e@a% ”Igg:gé@NﬂL”HJEBFMFI@ATIbe

i ndi vidual physic eat ures apanes at ent Application
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I ndi vi dual features such as voice, finger prints, and handwiti ng,
partitions the read feature paraneters into a plurality of categories that
refl ect these individual features, wunifies each of the partitioned

categories by applying a weBgUKGRUNDNOPTHE INVEISFION t he recognition
of these individual features, unifies each feature

Field of the Invention

The present invention relates to a personal identification method, a
personal identification apparatus, and a computer readable recording
medium that stores a program for realizing the functions of the personal
identification apparatus, wherein, in personal identification using data
indicating physical features, such as finger prints, of the subject, the
determination of identification is carried out using as a reference the degree

of similarity of these physical features.

Description of the Related Art

The personal certification method using a plurality of individual
physical features (Japanese Unexamined Patent Application, First
Publication, No. Hei 8-16788) is an example of a conventional personal
identification method. This method reads ;':1 plurality of individual features
such as voice, finger prints, and handwriting, partitions the read feature
parameters into a plurality of categories that reflect these individual features,
unifies each of the partitioned categories by applying a weight depending on

the ease of the recognition of these individual features, unifies each feature



28 June 2004 2 paraneter obtained by this unification by applykggnﬁeﬂﬁbght
depending on the ease of the recognition of these individual features, and
carries out recognition of the subject by conparing these unified results
with threshold values. In addition, the fingerprint verification apparatus
di scl osed in Japanese Unexam ned Pat ent plication, First Publication,

No. Hei 10- 124669, is a personal recognitfon apparatus. This fingerprint
verification apparatus outputs an inmage signal by optically extracting a
finger print, pazameser ebtained byddas vhificatiiombp apphyeg arweightrdependingion
extracts fingerprint feature quantities fromthis fingerprint inmge data,
and out puts the easélef thaBsdogdiitibh @f thoseiidividdial ¥eausss, tamdofaridsar® of this
fingerprint feature quantity. Thereby, one sequence of a quantified code
sequence for e . -fl.RQger pri nt. re gyanii i S.

statisti cal 5r€cl§%?lﬁﬁtb grﬁrgr@glfgpéqtgg’i (El(ﬁneﬂ#}é éﬁg‘%%egg? eg“%eus% 5 ‘?}tegt%gg%}éoqd
sequence, an acgcceptance probability of the synbol sequence of the
identified fiV $rint is found by the statistical probability nodels of
each registered finger, and if the acceptance probability exceeds a preset
t hreshol d, the per darndditionsthdfingbymint eérifibation dppardivsadicdosedin

determ ned to be the regi stered person. Furthernore, the fingerprint sensor

di scl osed in Jé%ﬁﬁ@_@é e nd-AeNiREdNeskRRGiAbBL Falst PublicatDh, REPIH&Gatd.on,
No. Hei 8-138046, is a

124669, is a personal recognition apparatus. This fingerprint verification

apparatus outputs an image signal by optically extracting a fingerprint,
converts this image signal into fingerprint image data, extracts fingerprint
feature quantities from this fingerprint image data, and outputs the code
label of the closest code vector to one frame of this fingerprint feature
quantity. Thereby, one sequence of a quantified code sequence for one
sequence of fingerprint feature quantity is found, a statistical probability
model is inferred using this quantified code sequence, an acceptance
probability of the symbol sequence of the identified fingerprint is found by the
statistical probability models of each registered finger, and if the acceptance
probability exceeds a preset threshold, the person who is the object of the
identification is determined to be the registered person.

Furthermore, the fingerprint sensor disclosed in Japanese
Unexamined Patent Application, First Publication, No. Hei 8-138046, is a
personal identification apparatus. This fingerprint sensor determines
whether or not the fingerprint is that of the person based on the correlation

output obtained by calculating the optical correlation between reflected light



personal identification apparatus. This fingerprint sensor deterj§1ﬁ5§2004
whet her or not the fingerprint is that of the person hased on the
correlation output obtained by calculating the optical correlation between
reflected light 28 June 2004 3 that contains the ridges of the fingerprint
obtai ned on the reflective surface of a p?isn1mdth which the part of a
finger having the fingerprint is in contact, and a fingerprint inage

regi stered in_advance as, bejng that of the _person. A Fourier spectrum

i nt egrati on VhARkeowialee the ridgesiof the Aagernnintoktained pnithgraflectivg aurfate vfie
Fourier spectrumof the reflected light and a correl ation output central

val ue det ect izopridevwith whath tlet peitsofthfingenkaviigiéheofingairaamals inadomta &
this correlation output are provided, the ratio of the Fourier spectrum

integral val ug p§ rpfiht ?ﬁltagrg Vrgg&tﬂéret%ﬁgl %@%I&%% W&bgghgrt of P%e?;/ gg?éon\./alAu €

of this correlation output s as ston va and conparing
this decisi val ue with a predeterm.ne hreshol d vaJ ue, deter.m nes

whet her or ﬁf’gqurtleﬁes% 2 1p£egrﬁ OBe‘faalHﬁ%le%e%@nr e %%’ﬂ‘.ie‘ieﬁtﬁﬂée integral
conventional personal identification methods and personal identification
appar at uses dedee phthe Fouvier sphetruor of theardftestedhigbhand aedwrelatiar output

I denti fyi ng whet her or not the person is the person to be identified uses a

constant val uentrblivalas dbasisscddvice it ddtactal thiohse alevileGHinesel vaslob s
value is difficult. In the conventional personal identification nethods and

per sonal this correlation output are provided, the ratio of the Fourier spectrum

integral value of the reflected light and the peak value or integral value of
this correlation output serves as the decision value, and by comparing this
decision value with a predetermined threshold value, determines whether or
not the person is the person to be identified.

In the conventional personal identification methods and personal
identification apparatuses described above, the verification threshold value
for identifying whether or not the person is the person to be identified uses a
constant value. This is because the setting of the verification threshold
value is difficult.

In the conventional personal identification methods and personal
identification apparatuses described above, because the verification value for
determining whether the person is the person to be identified or not uses a
constant value, by setting the verification thréshold value high, the danger of
identifying the person to be identified as another person is decreased, but, for
example, in the case of using the fingerprint as the data showing the physical

feature of the individual, if fingerprints of sufficient quality cannot be



identification apparatuses descri bed above, because the verification val ue
for determ ning whether the person is the person to be ident?%ug 2804not
uses a constant value, by setting the verification threshold val ue hi gh,
the danger of identifying the person to be identified as another person is
decreased, but, for exanple, in the case of using the fingerprint as the
data showi ng the physical feature of thd individual, if fingerprints of
sufficient quality cannot be 28 June 2004 4 obtained, the person to be
identified wbtdined tie pethomnt td bedideatifiedt wilkrisnrbe i@maifiédhayahat perggr,son
is the person to be identified. Contrariw se, when the verification
threshold value s set, low, in the case that,the fingerprint. quality is
not i gh. t REEPEhus e Befsonds S PREAR BURE 1eRified ot ho. probl'em that ¢ he
next tine a different person may be m staken for that person. Summary of

the I nvention | nCuosrdersat wdrernofhet hedBeatiob tkereshold valueais sebjlewt, infthehe
present invention to provide a personal identification nethod, a personal

i oshol o &R Bt ape ifberBRt fubGBRkHdER, HEbTRh AR P ML TER ™ = ©

representing the physical features of the individual wthout decreasing the
probabi | i t y thdreeigchedinohlantbat feopest ime andiffevéntgpersenindanttief mistaken r at e
of the person.

for that person.

Summary of the Invention
In consideration of these problems, it is an object of the present
invention to provide a personal identification method, a personal
identification apparatus, and a recording medium that sets various separate
threshold values for each of the feature data extracted from the data
representing the physical features of the individual without decreasing the
probability of excluding other people and improving the identification rate

of the person.



28 June 2004 5 A first aspect of the present invention is a personal
identification method that finds a verification result of fea8dfenefi{il4
extracted frominput data showi ng the physical features of an individual
who is a verification source and pre-registered feature data of the
verification object, and identifies the individual by whether or not a
degree of simlarity obtained by the vesification results exceeds separate
threshol d values set to correspond to said pre-registered feature data,

and wherein sai d Sepat alspethbfsthel rassht!enveérteors ab clliashd)arledti®itafion
verification score distribution of said feature data  extracted fromthe

data showi ng the p i features. of the ipdividugl,K who is.the .
o oot e DGAREAE s 2 “BtiticaTioBrashl ob il faoxisptiedrdom input
verification score distribution between said feature data extracted from

the data shiatd shoting rthyspleasicdlefdatures of ahhiedividusl wded iwho vesificagion
verification source and non-corresponding verification data, and wherein

sai d separate _threshold val ues .are set at, th di an.yal.ue of, t he hi ghest
score of théouﬁ%egraé]épd?re"rrgg |e§né§a c%"lltg‘t é’g ﬁ nVQ}‘éﬁ??@(?Ihgo@gFg P@gt ure
data extracted fromthe data show ng the physical features of the

i ndi vi dual whentifes ttee 2@iviidunel BpGhéthew er nbt aaleigoee ebsimBaritydobtained by
non- correspondi ng data, and the | owest score in the verification score

di'stributi ony WRjeEl datio REGHS LB dE s81?£1%i%é‘ﬁ%1e§h6ﬂr vaRed set to correspond

to said pre-registered feature data, and wherein said separate threshold value
are calculated based on a verification score distribution of said feature data
extracted from the data showing the physical features of the individual who
is the verification source and the corresponding feature data, and the
verification score distribution between said feature data extracted from the
data showing the physical features of the individual who is the verification
source and non-corresponding verification data, and wherein said separate
threshold values are set at the median value of the highest score of the
degree of resemblance calculated when verifying said feature data extracted

from the data showing the physical features of the individual who is the



feature data extracted fromthe data show ng the physical features of the

i ndi vidual who is the verification source. Identification of 2Rdupefi04i dual
may be possible even in the case that the quality of the input data
showi ng the physical characteristics of the individual, who is the
verification source, is low and the verification score of the
pre-registered feature data of the verifi6cation object is |low 28 June 2004
7 In one enbodi ment of the first aspect of the invention, the separate
threshol d valevidication srarupdaidethebesedonespbrdingr ddtac ahd ehe Newebt scaat ihhe
feature data extracted fromthe data show ng the physical features of the

i ndi vi dual s~ he verifigati.on,.sour.ce,and the pnre-reqgsteredfeat.ure
dat e Thor eBS vhTitiBet Heotd ARMBRUSREER S xbars RIS HERmhEE RESd o,
the verification results of the feature data extracted fromthe data

showi ng t hdemthysidad cxémictecdrarh theedatadihowling thé phiysicabdexinres iofatheon
source and the pre-registered feature data, it is possible to set the

separate thr LY ut personal identification at
A L

opti mal val ues June aspect of the present invention is
a personal identification apparatus conprising a verification result

findi ng devi ce fddentifidathon #f therindividualomayelseipossibled ewenin thacasethatact ed
frominput data show ng physi cal

the quality of the input data showing the physical characteristics of the

individual, who 1s the verification source, is low and the verification score

of the pre-registered feature data of the verification object is low.



features of an individual who is the verification source and pre-regi stered
feature data of the verification object; a separate threshol d2§dpea2004
identifying device for identifying the individual by whether or not the
degree of simlarity obtained by the verification results exceeds separate
threshold values set to correspond to pre-registered feature data; and a
separate threshold value calculation deyice for calculating said separate
threshold values based on a verification score distribution of said
feature data 28 June 2004 9 extracted fromthe data show ng the physical
features of the individual who is the verification source and the
correspondi ng fegture data,,.and, t verificatjo care di.strjbution of the
feature data ext ﬁgc‘i’%ﬁa eppasidiment Oggtthg ”ésriicﬂﬁpﬁﬁ% Pﬁéﬁﬁﬁyg?%téﬂmn‘ YRLats: ¢ he
i ndi vidual who is the verification source and the non-correspondi ng

feature dat dhreshelkivalwai thasepar apdatetirigsied on thal vesfiesttors ebsylts afmpedi an
val ue of a highest score of a degree of resenblance cal cul ated when

vor 1110 8 SR PR D I BShRL e WP

non-corresponding data, and a | owest score in said verification score
di st ri but i onndividhaliwhe xpthet eatification sihira¢ and lthe pro-regsrdd fatme ditsa
extracted fromthe data showi ng the physical features of the individual who

is the verificati gé@g,;g&%aﬁfg?%ﬂéisfeb&aatté WreBhold Galu2d! Ak UlatdPBal& on

possi bl e even in

the verification results of the feature data extracted from the data showing
the physical features of the individual who is the verification source and the
pre-registered feature data, it is possible to set the separate threshold values

when carrying out personal identification at optimal values.



the quality of the input data show ng the physical characteristics of the
i ndi vi dual who is the verification source is |ow and the veri £8demaZ@4score
of the pre-registered feature data of the verification object is |low 28
June 2004 10 A third aspect of the invention is a personal identification
apparatus conprising an input device for inputting designated data that
specifies data show ng physical featureg of an individual and
pre-registered feature data of the verification object; a nmenory device
having a feature data nenory unit for storing the feature data sets that
are extracted fromthe data showi ng physical features of the individual
and a threshold ﬁl ue data m)éﬁ} uni t {)or storing se aratle. thf.ghﬁl d

val ue data sets thaFcaid aspect ok BregPHeEenb IRYNtign i 8 isrsenglddentificaton
sets, and a data processing device having a feature extraction means for
extracting apphratas i compfisimgataurveridadasionr cesulhefindipgt dediiea fshdimdiag a
physi cal features of a plurality of individuals input by said 28 June 2004

hat ot er Mehaeoriom Palt R B6 L kAR o Pt SR ThGh IRol ERAe SRuTha TSR e

verification results between the plurality of feature data, threshold

cal cul at i ng featanes whianhindiuidnal avles is dharwirificaties holtevand gserggistaredyi ng

the feature data to be registered against pre-registered feature data and

carrying outgesd,ad 4std 6Pthe verification object; a separate threshold value identifying
device for identifying the individual by whether or not the degree of
similarity obtained by the verification results exceeds separate threshold
values set to correspond to pre-registered feature data; and a separate

threshold value calculation device for calculating said separate threshold

values based on a verification score distribution of said feature data



processing on the verification data, said data processing device storing in
the feature data memory unit of said nenory device said featu®&Jugt280¢0 be
regi stered and storing in the threshold value data nenory unit the separate
t hreshol d val ue data; said data processing device further having
verification means for extracting feature data of the verification source
fromthe data in said feature data nenpbpy show ng the physical features of
the individual input fromthe input device during verification, and

accept ance esigtaetadl fiahd thie &@@%@Mhﬁhheqﬁg@iéalqeaﬁ@wof & shdilvikd e wRo dat a
menory unit of the nenory device the pre-registered feature data of the

verification bj ect. .based on said desgi gnated data, id verificatjop neans
hnd sar d adtdBEaNEHAGATGR SOMEE R edies Cobenppadie, oatug atayznd dhet he
verification 28 June 2004 12 source against said pre-registered feature

data of thevegfichtioat sovre alifeibution dénhé ffeanire atatafexthtéd dromdstll dmsed on
the conparison results of separate threshold data read fromsaid nenory

devi based said e . howi b . I q
ol d des onaBEHEe Rlaar @ehRs of T Rl RS bihe B B s e e "even
in the case that the quality of the input data show ng the physical

char act er i seandsthef nbhecorrempioniding| featuwe | datahevhvereirf isand isepasatertheeshold ow
and the verification score of the pre-registered feature data of the

verificatiog,ahieGle I st! Mg Ifledidl®vall® of a highest score of a degree of

resemblance calculated when verifying said feature data extracted from the
data showing the physical features of the individual who is the verification
source and non-corresponding data, and a lowest score in said verification
score distribution which is expected to be obtainable for said feature data
extracted from the data showing the physical features of the individual who
1s the verification source.

Identification of the individual may be possible even in the case that
the quality of the input data showing the physical characteristics of the
individual who is the verification source is low and the verification score of

the pre-registered feature data of the verification object is low.



13 A fourth aspect of the invention is a personal identification apparatus
conprising an input device that inputs designated data that sB%éill‘Feiﬁ)EMdata
showi ng physical features of an individual; a nenory device having a
feature data nmenory unit that stores feature data sets that are extracted
from input data showi ng the physical features of the individual and a
threshold value data unit that stores sHparate threshold value data sets
that are set according to said respective character data sets; and a data

processing devi ce\ thizdi dxpedt beaheipventiomid aoperegadisidenti fRstibACipp@atus
plurality of feature data fromthe data show ng physical features of a

I lit f individuals i t. by the i t, devi [ [ ion,
Fegi ot er od_FRmINRESD Brttoiviealy’ ManREdes el St itk cRsRie valR | o
to be registered based on verification 28 June 2004 14 results between

sai d pl ur al ishpwofig fphakicat felttiees ¢hare sindilvided |lanid @te-registesstsfeature data of
cal cul ating the separate threshold values by verifying the feature data to

e 051" e SR A B LR R B A B b o

in the feature data menory unit of the nenmory device said feature data to
be regi st efed storihgttbe ifeghira ddte ot éhatobt eatractedafrenmeherdats shdvangar at e
t hreshol d val ue data; said data processing device further having

veri f1cati oy URANFed et tRE hAYid A" M a tRtEHRd VAR Bhtd hfthdR ui!" o

fromthe da

for storing separate threshold value data sets that are set according to the
respective feature data sets, and a data processing device having a feature
extraction means for extracting a plurality of feature data from the input

data showing physical features of a plurality of individuals input by said



said feature data nmenory unit show ng the physical features of the

i ndi vidual input fromthe input device during verification, aééégnead{dd
determ nati on neans which reads fromsaid threshold val ue data nenory unit
of the menory device in sequence pre-registered feature data of the
verification object, said verification nmeans and sai d acceptance

determ nation means verifies said featurgl data of the verification source
and said read pre-registered feature data of the verification object, and

result  sumiapipdevRRNGuNE Q‘B%i:‘smio&lh_@l fpiPerdd teatifsUtdlecAbn Sakshs that
verification  score show ng the veri fication results and said separate

e monory SRS TRBREF AL Ehaisde T Ginroq haseo PR ERRLA e

results. Inputting in advance the designated data (I D data) that specifies

the indivi betvetreahurpludality of fehmireedath] clatdsholdlprailatimy rheannwegiehsary.
28 June 2004 15 In another enbodi nent of the invention there is the

personal i hWfi.cation apparatus, .according te.the,fourth aspect erein
sai d data gsgcé%étggnﬁep@@%ecgmﬁg@g@uy?ﬁﬁs BXC??&%l%aﬂ? FEre \F%??fqoeggsai d
feature data of the verification source against said pre-registered

feat ure dat aegistarhé againstf pcaregistarbd efeaturendatapdatesarsping oepastatietical
t hreshol d val ue data based on the conparison results of separate threshold

data read fCom LA SREOG vdRKaRoRRRE SHasai] HRkLiRB AR S St g IR N9
the feature data memory unit of said memory device said feature data to be
registered and storing in the threshold value data memory unit the separate
threshold value data; said data processing device further having verification
means for extracting feature data of the verification source from the data in
said feature data memory showing the physical features of the individual
input from the input device during verification, and acceptance
determination means which reads from said threshold value data memory
unit of the memory device the pre-registered feature data of the verification

object based on said designated data, said verification means and said

acceptance determination means verifies the feature data of the verification



sai d designated data. Thereby it may be possible to set the segarate

t hreshol d val ues when carrying out personal identification asdpia2ét

val ues. 28 June 2004 16 A fifth aspect of the invention is a conputer
readabl e recording nediumthat stores a programthat can realize the
functions of a personal identification apparatus that finds a verification
result of feature data extracted fromipput data show ng a physi cal
features of an individual who is the verification source and

pre-regi st erspdréed Eutrﬁt dRi@ b-rebbstyed fésiaid data AT gt Neﬁﬁ‘éahdﬁnébj%lcﬁs the
i ndi vi dual by whether or not a dégree of simlarity obtained by the

verification,results ex rate hol d value set .to . correspond
Vo br et e dderiticstor of d6 andiiaRA Giedon RS o mRRISRGESLS (4f, SRREAE

value is cal cul ated based on a verification score distribution of sald

feature dat ghmshod tdata freadn from daidansdmvhngleviee physd cal shrbiverificatibn t he
i ndi vi dual who is the verification source and the corresponding feature 28

d d th f b d
et ure da a0t IR il SRR B ot ires of the

i ndi vidual who is the verification source and the non-correspondi ng
verification dat ddeanificatitie ofithe dndividegamatebe¢ possibld evernlindke anse et at
t he medi an val ue of the

the quality of the input data showing the physical characteristics of the

individual who is the verification source is low and the verification score of

the pre-registered feature data of the verification object is low.



hi ghest score of the degree of resenbl ance cal cul ated when verifyi said
feature data extracted fromthe data showi ng the physical fea@%ﬁ@@?%@‘tt he
i ndi vidual who is the verification source and the non-correspondi ng dat a,
and the | owest score in the verification score distribution which is

expected to be obtainable for said feature data extracted fromthe data
showi ng the physical features of the ind vidual who is the verification
source. Thereby, by reading into a conputer system'a programrecorded on

this recordi ng nedifsmtBngpexiestiticnviehtiondet périseaal Rentifichtioni dpavatigal i s
possi bl e even in the case that the quality of the input data show ng t he

h | ch t t f h d wh t f
<1 ow and CORPRUREI 1 S nacte Ao} ERS AeoTpayrd e dPb abBREeaaao

the wverification object is |low. 28 June 2004 18 In one enbodi nent of the

personal i dehbhfmgaplhyzuicatefdsutdressa'fohxsandrvatl&alt ha aabeloty vatvies hayingea
cal culated as TS=ti (N)+ Si - ko, -T; 2 where Si may be an average

val ue of th verl fication scor. feat ur a; may

be the standgi" aamegtoqfurtlﬁth%te%tef’?‘ét R RO gaCfe SR AE sl g

feature data, k may be a variance paraneter, and tj may be the highest

val ue of thenmetr datacsiiowmgsther physicabfieaturasesp tinzl iimdividheetl uarel dathaeshold
value data unit that stores separate threshold value data sets that are set
according to said respective character data sets; and a data processing device
having a feature extraction means for extracting a plurality of feature data
from the data showing physical features of a plurality of individuals input

by the input device during registration, a registered features selection means

that determines feature data that is to be registered based on verification



28 June 200
nmet hod, the
be updat ed
(n-1)6+(S
enmbodi nent
threshold v
2 where Si
correspondi
verificatio
par anet er
non- corresp

4 19 In another enbodi nent of the personal identification

mean value Si and dispersion 6, of the verificat?®hunec0d my

by the following calculations - _nS, + SCand Si n+l a, =
--Sf z n where SS may be pre-registered feature data. In one
of the personal identification apparatus, said separate
alues Ts may be calculated asi4l, =t; (N + S -- ka-; - T,.
may be an average value of the verification score of the

rgsultedbbtiveerdadid phiralipy ofdebtige sdandaudskisid ailcamtilg biv@ns

(N

n score of the corresponding feature data, k nay be a variance

Sty iiha e tEhasleSBRSaldisfucny Veritfing bR 0 0™

be registered and pre-registered feature data and carrying out statistical
processing on said verification data, said data processing device storing in
the feature data memory unit of the memory device said feature data to be
registered and storing in the threshold value data memory said separate
threshold value data; said data processing device further having verification
means for extracting feature data of the verification source from the data in
said feature data memory unit showing the physical features of the
individual input from the input device during verification, acceptance
determination means which reads from said threshold value data memory
unit of the memory device in sequence pre-registered feature data of the
verification object, said verification means and said acceptance
determination means verifies said feature data of the verification source and
said read pre-registered feature data of the verification object, and result
summation means which sums the comparison results of said verification
score showing the verification results and said separate threshold data
corresponding to the pre-registered feature data read from the memory
device, identification of the individual based on summation results.
Inputting in advance the designated data (ID data) that specifies the

individual feature data of the verification object may be unnecessary.



I n anot her enbodi nent of the personal identification apparatus, said
separate threshol d val ues nmay be updated based on the verifica$iew3084ults
of the feature data extracted fromthe data showi ng the physical features
of the individual who nay be the verification source and the preregistered
feature data. In another enbodi nent of the personal identification
apparatus, the nean value SI and disperkKion 6, of the verification score
may be updated by the following calculations S _nS, + S and n+l (7i =
(n-1)a+(S, -Sl)a n where S,, may be pre-registered feature data. 28 June
2004 21 I n anot her enbodi nent of the conputer readable recording nmedi um
sai d separate threshold val ugs .[Is y be,cal.culated as T,. =t;(N)+ Si .-ka,
ST TS here - ARyt s RARAE ob U GRVERNSH o et s ;' Rebsalalr “The
corresponding feature data, aJ nmay be the standard deviation of the

veri fi cati ondetiiieatoin apparatos,r aspediightp fteatfouethdaspect k wheyeinesaidvdataance
paraneter and t, may be the highest value of the verification score of

non-cor r espapgladi{ L HeVi® 4Bk further include means which verifies said feature

data of the verification source against said pre-registered feature data of the
verification object, and updates said separate threshold value data based on
the comparison results of separate threshold data read from the memory
device based on said verification score showing the verification results and
said designated data.

Thereby it may be possible to set the separate threshold values when

carrying out personal identification at optical values.



28 June 2004 22 In one enbodi nent of the conputer readable recording

medi um said separate threshold values may be updated based dhluneg004
verification results of the feature data extracted fromthe data show ng

t he physical features of the individual who may be the verification source
and the preregistered feature data. In yet another enbodi nent of the
conput er readabl e recording nedium the yjgean value Si and di spersion (Ti of
the verification score may be updated by the follow ng cal cul ati ons nSi +S

S'_ and n+l z (Dt]ﬁﬁl’i(a?s ect DM thaayenthSy ni%Yabéforﬁbﬁtéreﬂéa'iia%![@Cfef:@ﬁﬁH e
data. 28 June 2004 23 Brlef description of the DraW| ngs FI G is a brock

O o AR i s st HACRSRE S E o
identification apparatus that finds a verification result of feature data
extracted from input data showing a physical features of an individual who
is the verification source and pre-registered feature data of the verification
object, and identifies the individual by whether or not a degree of similarity
obtained by the verification results exceeds a separate threshold value set to
correspond to pre-registered feature data, and wherein said individual
threshold value is calculated based on a verification score distribution of
said feature data extracted from the data showing the physical features of

the individual who is the verification source and the corresponding feature



FIG 2 is a flowchart show ng the operation during registration of the
feature data in the personal identification apparatus shown i 28 FRu@2004 FI G
3is a flow chart showi ng the verification operation in the personal
identification apparatus showmn in FIG 1. FIG 4 is an explanatory diagram
showi ng the cal cul ati on nmethod of 28 June 2004 24 the verification score
when sel ecting feature data fromthe plurality of feature data in the
personal identification apparatus showmn in Fig. 1. Fig. 5is a flow chart

showi ng a cQRes ehid ﬁa@m@rﬁi@tidnh%cﬁﬁéidlﬂsﬁ%dt% We%%: g@g geéﬂa?e p&4rgonal

identification apparatus shown in Fig. 1. Fig. 6 1s a I agr am show ng

the- structure of e persqnal . identificatio ppar at ys. agcording the
second enbo&xﬁ@ﬁie(f)g‘oﬂhgl%aét@e?howmﬁv@%P@fﬁw ié?‘g-‘?eﬁ 9liléh¢l Vé@é?athﬁovm ng
the content of the processing of the personal identification apparatus

shown in Figs tRe verificaBionSsdurte AMdC iy hoAh@M-aipoadaty veifRativan®ita, ahdt he
processing contents of the personal identification apparatus shown in Fig.

dent U7 oat MERPTEBbERAL S0 B RHRR o EHES (416 ot TERIATL o0 ¥to O tBEent
invention. Fig. 10 is a flow chart showi ng the processing content of the
per sonal highest score of the degree of resemblance calculated when verifying said
feature data extracted from the data showing the physical features of the
individual who is the verification source and the non-corresponding data,
and the lowest score in the verification score distribution which is expected
to be obtainable for said feature data extracted from the data showing the
physical features of the individual who is the verification source.

Thereby, by reading into a computer system a program recorded on
this recording medium and executing it, identification of the individual is
possible even in the case that the quality of the input data showing the
physical characteristics of the individual, who is the verification source, is

low and the verification score of the pre-registered feature data of the

verification object is low.



identification apparatus shown in Fig. 9. Fig. 11 is a drawing show ng the
rel ati onship between the verification score distribution of ZhéurieedOdre
data of the verification source and the non- correspondi ng feature data,
and the verification score distribution of the feature data of the
verification source and the corresponding feature data. Preferred

Enbodi nents The enbodi nents of the preserg invention will be explained
referring 28 June 2004 25 to the figures. In the enbodi nents of the
present invention, a fingerprint verification systemwll be treated in

t he exanple of a personal identification system Fig. 1 shows the

structure of a fingerprint, syste hat is th rsonal j,dentificatiaon

appar at us accordi 0 t r 2 ¥ In
iR PO RRCIGTE Ol AT 19t TIoR, WeliRg (SALFRRAGH® |

the figure, the fingerprint verification systemhas an input apparatus 1,

such as a fitgehqldivaluasanaly hg calgpiated as, a data processing apparatus 2
that is operated by progranmed control, a nenory apparatus 3 that stores

t he necessary data for the fingerprintghe o\./e_r' f(' ation, and an out put
apparatus 4 such as a display. Tﬁﬁ;ﬂ\fm’ﬁw lar o | reads the fingerprint
as data showing a physical feature of the i%dividual, and converts this to

i mge data. The input apparatus 1 corresponds to the input device of the
present invention. The nmenory device 3 has a feature data nmenory unit 31

and a where S: may be an average value of the verification score of the corresponding
feature data, ¢; may be the standard deviation of the verification score of the

corresponding feature data, ¥ may be a variance parameter, and #; may be the

highest value of the verification score of non-corresponding feature data.



separate threshold separate threshold data nenory unit 32. The feature data
menory unit 31 extracts features such as end points and branéhlysid04 of
fingerprints fromthe fingerprint imge data, and stores the quantified
feature data. In order to identify individuals, and all feature data in
the feature data nenory unit 31 are independent of each other. The separate
threshol d value data nmenory unit 32 storgs the separate threshold val ues,
that is, the separate threshold value data, corresponding to each set of
feature data stored in the feature data nenory unit 31. The data processing
apparatus 2 has a feature extraction device 21, a 28 June 2004 26

regi stered featu ti A rat hol l,u

cal cul ation dev?lg@?'ggi,%?é% n\?@orﬁﬁeégt% ifgtﬁe é%\?/%%?lé‘?;%nttg{ﬁ% 1gﬁ rﬁ%%@gt Q}]ecglean
determ nation deyjce 25. The data processing apparatus 2 corresponds to

t he data pr cebesiShgamtkvispersidn d;hef tiree senificatine storenmayhee fupatatedeby the
extraction device 21 extracts and quantifies the features such as the end

points and ByA&G 1 : the fingerprints fromthe fingerprint image
data sent from tl;flgo‘fo‘in%?ug%spar atus 1. The registered feature sel ection

device 22 carries out verification between a plurality of feature data
itens sent fromthe feature extractiomsS.dedij ce £l and extracts the mean
and variance of the verification score. ,At]

=D+, ~8:)?
' n

where S, may be pre-registered feature data.
In one embodiment of the personal identification apparatus, said separate

threshold values Tg may be calculated as

T, =1,y + 2

i —ko, —T(N)
2

where S, may be an average value of the verification score of the corresponding
feature data, o; may be the standard deviation of the verification score of the
corresponding feature data, £ may be a variance parameter, and #; may be the

highest value of the verification score of non-corresponding feature data.



the sane time, fromthe feature data extracted fromthe input fingerprint

i mge data, the data with the highest quality is sel ected and2%&&ne 2084t he
feature data nmenory 31. In addition, the registered feature sel ection
device 22 finds the verification score distribution of the selected
feature data of the verification source and the corresponding feature data
anong the pre-registered feature data, 2nd the verification score
distribution of this selected feature data of the verification source and
t he non-corresponding feature data anong the pre-registered feature data.
That is, the nean and the variance of the highest score of the selected
feature data of e verificati o] a . L[ €S i agat ure
data. and the vetl riiiptioseodRleRy Of e Shtabid i RRUERIOF SPAE, i
verification source and this corresponding feature data are found. Here,
cor r espondi geparaigtthrashght valdeshsraydea miat@gb@ﬁed aethg wrificapign yendtsoefthe 27
person, and in the case that the data showi ng the physical features of the

i ndi vi dual geffiesldatOfexiraf@ar o tthe EQAT GRRANGI HE {pﬁ%i@ﬁle featiresdapahes the
feature data selected fromthe fingerprint inmage data of the person. In
I

ddi tion, 7. di feat ur t a denot t he feat t f
e RO B R et o P RSB S B 88 e
features of the individual is fingerprint inmage data, the

non- cor r espondi ndn feather emdwdimentericthe perdmmal edantificatian apparatys, theemsannt s
of anot her person.

value S, and dispersion o; of the verification score may be updated by the

following calculations

_ n§: +Sc

S;
n+1

and

. _ (n=Do+ (S, %
‘ hed

where S, may be pre-registered feature data.



The separate threshold val ue cal cul ati on device 23 cal cul ates separate
threshol d val ues fromthe nean and variance of the highest vaP§dunsf200¢he
verification score of the selected feature data of the verification source
calculated by the registered feature selection device 22 and the non-
correspondi ng feature data, and the verification score of this selected
feature data of the verification sourcezand the correspondi ng feature
data, and stores this in the separate threshold value data nmenory unit 32.
The verification device 24 reads the feature data of the verification
object registered in the feature data nmenory unit 31, verifies the read

dovi oo 21, and qiPREEHRAIAER: BE e Bt @ i T4t e

verification score. The acceptance determ nation device 25 conpares the
veri fi cati osaidssepamtethrpsholidyatuce Franay be atlculatetbas ce 24 and the separate
threshold value data stored in the separate threshold value data nenory

unit 32 set depending on the pre-regi stgr_ e_qc{e_ggtﬁ? data of the
verification object, and outputs o€ L_dd for displaying a nessage
such as "match" on the 28 June 2004 28 out p& apparatus 4 in the case that
the separate threshold values are exceeded. Next, the operation of the

fingerprint LT3, i V. i ) . il l
[ "9orPri Nt MRET3 ik B8 DAIRBAGAE BF Bk {ifiddioncBREBE R RARBinY
feature data, ; may be the standard deviation of the verification score of the

corresponding feature data, £ may be a variance parameter and £ may be the

highest value of the verification score of non-corresponding feature data.



for the feature data will be explained. During registration, the
fingerprint image data for the sanme finger is extracted seve?&lune 2894 from
the input apparatus 1. The nunber of extractions nay be 2 to 10 tines, and
normally 3 tinmes. The fingerprint inmage data extracted by the input
apparatus 1 is output to the feature extraction device 21, and in the
feature extraction device 21, the feature data is extracted fromthe
fingerprint imge data and quantified. The quantified feature data is
supplied to the registered feature selection device 22. In the registered
feature selection device 22, verification is carried out between the
various nultiply,extracted featur ata, and, faor,exanpl based on
esults of this dRetseEpodunRihof e Bmifllé,robRariRifios, MegEins Paity t on
score are stored in the feature dat a nennr unit 31 as registered feature
data. | n addeparete thveshiold valueomayfbe h]@date@%ssedr@dtmaveaufmmonsﬁsultseof the
pre-registered feature data is carried out, and the highest value of the

veri ficati OfeaRE Qlaf cxBGoRANTOR MBEPART! Sbvii gt e p‘ﬂggﬁal Festat&ubr! G-
Furthernore, the nean and standard devi ati on o the verification score are

cal cul at ed, .and. to th arage threshold ue cal cul on devj ce 23
S ong. w th dRGVIGE] o ay e dfeTeantaat o Breei bR oot a8
June 2004 29 In the separate threshold value cal cul ati on device 23, using
t he In yet another embodiment of the computer readable recording medium, the

mean value S; and dispersion o; of the verification score may be updated by the

following calculations

5, _nSi+S,
n+1

_(n-Do+(S, -8
4]

where S, may be pre-registered feature data.



hi ghest val ue of the verification score of the non-corresponding feature
data found by the registered feature sel ection device 22, cab&lungt2d94a
separate threshold value T$ by equation (1), and stores this in the
separate threshold result data nenory unit 32. Ts =ti (N)+ Si-koi -Ti(N)
2 where Si is the average value of the verification score of the
corresponding feature data, that is, thgs average value of the verification
score of the fingerprint of the person, Q is the standard deviation of
the verification score of the corresponding feature data, that is, the
standard devi ation of the vegr.ifi,cation scare the fingerprint of the
person, k is a variance par aﬁ@?gfi?s?rfptl?%(’?ﬂ%eﬁ%ﬁ’é%s val ue of the
verification score of the non-corresponding feature data, that is, the

hi ghest val ue of RIie Veis fa claloickn désgaen oshdvhingf ithgepprsontl ofdendifiettion
person. In equation (1), the separate threshold value T. denotes setting to
the nedian _yvalue the highest. scpre of, the deqr of sim.larity cal cul ated
when ver  f JPRETHR ACreldtir B o BRE b et B s Re Rie Sl in Biridg "t ne
physical features of the individual who is the verification source and the
non- correspondi dGd& is,a How chat shomdng theooperaticnhdunieg irégistration ofthee

di stribution 28 June 2004 30

feature data in the personal identification apparatus shown in FIG. 1.
FIG. 3 i1s a flow chart showing the verification operation in the

personal identification apparatus shown in FIG. 1.

FIG. 4 is an explanatory diagram showing the calculation method of



that is expected to be obtainable for the feature data extracte Sfmg%@p
data show ng these physical features of the individual who is the
verification source. That is, as shown in Fig. 11, the separate threshold
value T. denotes setting to the nedian value the highest score ti (N) of
the degree of simlarity calculated fromghe nom nal distribution M

obt ai ned when verifying the feature data extracted fromthe fingerprint

i mge data of the person to be_ verified and the pre-regi steredq, feature
data extract & Y¢13 @ﬁ@nfsm@eew&enrﬁeleqtm@aaaﬁd@?a &ﬁmg@p Kofand the
| owest verification score Tn of the verification score distribution N
expected to fratabd datein the peidmalddentificiidot appheatuarsHowaain dlig.oper at i on
of the feature data will be explained. The fingerprint imge data of the
first finger from ' t : fééxtdél_b YRR eri VY is
t he desi gnated dat g%oﬁ@%@@?‘?%‘g t EJ‘B?E"‘?‘%&&& ere %eatur ?eééﬂ{%tg#h t he
verification object,.are input into the data rocessi ng apparatus 2, and
sent o the Peeatian ik PiepPRgna MereREAteh Arp RS RHord: BRRELon tevt co
21, the feature data fromthe fingerprint inmage data is extracted and
quantified. The quig.i6 isee biedt diagraveshowingstiheptracture of ithe persdnadat i on
device 24. In the verification device 24, the pre-registered feature data
of the verifjdeditifontdy appaistusaadofdiaithb&echtbbiitRddabat BE6RS prebint 31
using the feature nunber as a key, and verification is carried out of the
feature datairﬁ)%ﬁ-{rﬁﬁfw fromthe fingerprint inmage data input fromthe

i nput device 1. e verification device 24 sends the score obtained by the

verification and t feature n er of the .
%?g '??s a flow chart showing the content of the processing of the

personal identification apparatus shown in Fig. 6.

Fig. 8 is a flow chart showing a concrete example of the processing
contents of the personal identification apparatus shown in Fig. 6.

Fig. 9 is a block diagram showing the structure of the personal

“identification apparatus according to the third embodiment of the present

inventioﬁ.

Fig. 10 is a flow chart showing the processing content of the personal
identification apparatus shown in Fig. 9.

Fig. 11 is a drawing showing the relationship between the verification
score distribution of the feature data of the verification source and the non-
corresponding feature data, and the verification score distribution of the

feature data of the verification source and the corresponding feature data.

Preferred Embodiments

The embodiments of the present invention will be explained referring



verification object to the acceptance determ nati on device 25. %%J%ﬁ@%o& 04
31 In the acceptance determ nation device 25, the separate threshol'd val ue
data is read fromthe separate threshold value data nenory unit 32 using
the feature nunber given by the verification device 24 as a key, and a
conparison of this separate threshold valw% data and the verification score
Is carried out. As a result of this conparison, when the verification
score is larger, control _data for displaying the nessage "match" in_the
out put devi cdodheifigwgspuin theembnsiments obthe prasepd poeidien. siingernrart t he
control data for displaying the nmessage "m smatch" is output to the out put

appar atus 4. WweMicatidiesysteny wild bepesaeddn the exaenplender pedsohalelentifationn
system according to the present enbodinment is explained referring to Fig.

2 through Fi%}ﬁ:\%ﬁ. Figiri%t 1 sh&Gs IRE rs@fdc@lgréjb‘f 4 P bPOlinE GRLieR 1Rt fs]t't‘ﬁef eature

data is expl gerprint 1nage data is input three tines for the

sanme finger by the input. apparatus 1. The thre et f fingerprint. inmge
data ar e sentParseRtHdePELcAREncRIAT IS ACRERRE oA BFt BRNBEUIbE ur o
data is extracted by the feature extraction device 2land quantified. Here,
the itens of prgsemt irfveadioneatlurthedagureathe 8ngegrrinbnerifgativheystemdiagfan

quantified feature data S1, S2, and S3 are sent to the registered feature
sel ection de\&hg%t dpatitns EGuehalsedl fiheaiprigt fldakiappadedis; @ dlagabédsetn®ut

verification etween the different | nput feature data in the sequences,

for exanpl e, a%]paratus 2 that is operated by programmed control, a memory apparatus 3
that stores the necessary data for the fingerprint the verification, and an
output apparatus 4 such as a display.

The input apparatus 1 reads the fingerprint as data showing a
physical feature of the individual, and converts this to image data. The
input apparatus 1 corresponds to the input device of the present invention.

The memory device 3 has a feature data memory unit 31 and a
separate threshold separate threshold data memory unit 32.

The feature data memory unit 31 extracts features such as end points
and branch points of fingerprints from the fingerprint image data, and stores
the quantified feature data. In order to identify individuals, and all feature
data in the feature data memory unit 31 are independent of each other.

The separate threshold value data memory unit 32 stores the
separate threshold values, that is, the separate threshold value data,
cofresponding to each set of feature data stored in the feature data memory

unit 31.

The data processing apparatus 2 has a feature extraction device 21, a



and S2, and S1 and S3, and a verification score is output as sh ' b D).
4. The respective verification scores are cal culated, and the %ﬁggggég
score serves as the feature data for the registered object (step 50; Fig.
2). In the exanple shown in Fig. 4, because the integrated val ue of
feature data S1 is the highest 28 June 20% 32 at 5500, feature data Sl
W ll serve as the registered object. The registered feature selection

devi ce 22 cal cul ates both nean and_ standard deviation of the verification
score, and t Kegiptegrddeatume relentiamhdevige 221 senarpém thrasheldrakluecalagationr ed
feature data and the non-corresponding feature data registered up to that

poi nt (st epsdb®ice 28, aRiegificitio\datice RHesrd analcuestadice devdghidatictdévite25.
equation (1), and the separate threshold values are calculated (step 56;

Fig. 2). '"In ' : HES9, e r .
cal cul ated sgg%ggéttg%r%gsﬁ%%%%gé%es a?‘gerr%%gore @ﬁeh%ata ‘g’&g%ﬁl‘%ét%ﬁ?‘ec% hggfd
val ue data rrgilrmr\é unit. 32. .1 Next, the verification operation of the
feature data"PSPESSHULiRRENtPRf erring the Fig. 3 and Fig. 5. Fig. 5 shows
the concrete contents of the flow chart in Fig 3. As shown in Fig. 5, the
feature data and tHbedepture extra¢hion dovite 24| exdracts anak guatiifies tha fadtares
menory apparatus 3 using the feature nunber as a key. Here, the feature

data input fgash hBehbeaidussineX hhdWraReh pdavisGf tRe firfee¥Biints Grdrh ¢he
verification device 24, and the feature nunmber 000003, which is the

desi gnat ed dg3eERfink ShizlB'dsRE <bRE 613 tHE SafH pSlrdsllg sver i fi cation

The registered feature selection device 22 carries out verification
between a plurality of feature data items sent from the feature extraction
device 21, and extracts the mean and variance of the verification score. At
the same time, from the feature data exitracted from the input fingerprint
image data, the data with the highest quality is selected and sent to the
feature data memory 31.

in addition, the registered feature selection device 22 finds the
verification score distribution of the selected feature data of the verification
sburce and the corresponding feature data among the pre-registered feature
data, and the verification score distribution of this selected feature data of
the verification source and the non-corresponding feature data among the
pre-registeredl feature data. That is, the mean and the variance of the
highest score of the selected feature data of the verification source and the
non-corresponding feature data, and the verification score of the selected
feature data of the verification source and this corresponding feature data are

found. Here, corresponding feature data denotes the feature data of a



object, is sent fromthe input apparatus. In Fig. 3 and Fig. 5’28quﬁéﬁﬁbﬁo’
the verification device 24 retrieves corresponding feature data by using
the feature nunber 000003 fromthe feature data nmenory unit 31 as the key.
In the verification device 24, the feature data that has been retrieved
Is. verified against the input feature datfm7 and a verification score is
calcul ated (step 62). Here, the calculated " verification score is assuned
to be 5000, as shown in step 62 of Fig. 5. 28 June 2004 33 Next, in step
64, the accepp@iFeB, dod dniha£ape khafcthecdatasshyitingridetphy siesl feaporavhthe
separate threshold val ue 3311 by using feature nunber 000003 as a key,

whi ch speci f i eslitidasl eahsists offingapridte, starédpodming festhire data deadidshtte
separate threshold value data nenory unit 32. In step 66, the acceptance

det erm nat! OneAeitd B, zrsAGKRAE (8 HERADRIR IR IR br Bl HfrefiPl Aped 10

step 64 with the verification score. veri‘fication score

of 5000 is larger.than the threshold valu 311, th ccept e

et or ni nat i orbasioe 198 AEFAPROAGLE fankind faly dahofies the e RarAtaet another
retrieved and the input feature data agree, and outputs to the output
apparatus 4 ciadividiuadicand shbhé ngse tha rdedgishowingttbh 'physicad feagswes of thee
out put apparatus 4 (step 68) displays the nessage showing "match". . In

addi tion, in HidPideAI i$ finkBA16AS BnhB@Hatd@hvaldr-Ecabisthdifif featuie ldatger
than the separate threshold val ue, the acceptance determ nation device 25
denotes the feature data for fingerprints of another person.

The separate threshold value calculation device 23 calculates
separate threshold values from the mean and variance of the highest value of
the verification score of the selected feature data of the verification source
calculated by the registered feature selection device 22 and the non-
corresponding feature data, and the verification score of this selected feature
data of the verification source and the corresponding feature data, and stores
this in 1i:he separate threshold value data memory unit 32.

The verification device 24 reads the feature data of the verification
object registered in the feature data memory unit 31, verifies the read feature
data and the feature data provided from the feature extraction device 21, and
quantifies the degree of this similarity as the verification score.

The acceptance determination device 25 compares the verification
score output by the verification device 24 and the separate threshold value
data stored in the separate threshold value data memory unit 32 set

depending on the pre-registered feature data of the verification object, and .

outputs the control data for displaying a message such as “match” on the



determ nes that the feature data that was retrieved and the inp%ﬁg@&g&,’e
data do not match, and outputs control data show ng the expression
"msmatch" to the output apparatus 4. As a result, the nmessage show ng the
expression "m smatch” is displayed by the output apparatus 4 (step 70).
According to the personal identification agparatus of the first enbodi nent
of the present invention, because the separate threshold values are

cal cul at ed based on the featurg data score distribuytio tracted fromthe
Gt & show ng obpRCpRT S i fhe @i thal the Soperata s ethold wafies are
verification source, and the verification score distribution of the

feature dataesseadg#€ied fromthe data showi ng the physical features of the
i ndi vidual who is the 28 June 2004 34 verification source and the

non- correspondi ng heaitutlee dpératiayefntlidfibparpenseverificitidsyfunl adosrdingttoe
data showi ng the physical features of the individual who is the

h

ver 1] CaU1 0N SOUER A LRSWEL bEBL ORRRIC AR, WSS SIOURIS
N M R X M
separate threshold values are set at the nedian val ue of the highest score
of the degretmage dagafot th¢ sgmedicgirasetktmded vevéray itinges frond dag inpatdat a
extracted fromthe data showi ng the physical features of the individual

who is the vepphi#fld PN FTREMifinber of extractions may be 2 to 10 times, and normally

3 times.

The fingerprint image data extracted by the input apparatus 1 is
output to the feature extraction device 21, and in the feature extréctidn
device 21, the feature data is extracted from the fingerprint image data and
quantified. The quantified feature data is supplied to the registered feature
selection device 22.

In the registered feature selection device 22, verification is carried
out between the various multiply extracted feature data, and, for example,
based on the results of this the verification, the items with the highest
verification score are stored in the feature data memory unit 31 as registered
feature data. In addition, verification of the registered data against the
pre-registered feature data is carried out, and the hiéhest value of ‘the
verification score of the non-corresponding feature data is calculated.
Furthermore, the mean and standard deviation of the verification score are

calculated, and sent to the separate threshold value calculation device 23

along with the feature data stored in the feature data memory unit 31.



and the non- correspondlng data, and the | owest score in the Ver'%U%ﬂébﬁﬁh
score distribution expected to be obtainable for the feature data
extracted fromthe data showi ng the physical features of the individual
who is the verification source, by producing threshold val ues separately
for the registered feature data accordingg§o the quality of the input data
showi ng the physical features of the individual who is the verification
source, it is possiple to carr ut cept an e det er i nat i.n persona
CGontiticatton i n | Pl ttsheld vAb RV GtoR e PRABEREP o dat a
extracted fromthe data showi ng the various physical features of the

i ndi vi dual . Nebghest welws ofidteuvarifitatidre séaragd the inon-corrédponding feadyre datof a
personal identification systemaccording to a second enbodi nent of the

present | nvetatmarbdy the h@%fiaté@dﬁbaeur@ se&%tﬁalﬁoamb@ 28] @alcBlatbda lsBaRft@SeNt
enbodi nment in addition to the structure of the data processing appar at us

2 inthe firs

differs only th#%’gé%ﬁég?ésbﬁ??qﬁ%@e e s ind LR ESRLA% BRRRREI ¢
structures are entical to those of the personal identification apparatus
accordi ng to ¥efa§ dats memey WaHt32. redundant expl anations are onitt ed.
Moreover, the registered feature selection device 22.and the separate

t hreshol d value cal cul ation device 23 are identical to those shown in Fig.
1, and their explanation is omtted for convenience. Mreover, |like the
first enbodi ment, the input apparatus 1

Ts=ti(N)+Si_ko—i2.—Ti(N) (1)

where S, is the average value of the verification score of the corresponding
feature data, that is, the average value of the verification score of the
fingerprint of the person, o; is the standard deviation of the verification score
of the ct}rresponding feature data, that is, the standard deviation of the
verification score of the fingerprint of the person, k is a variance parameter, t;
is the highest value of the verification score of the non-corresponding feature
data, that is, the highest value of the veriﬁcation‘ score of the fingerprint of
another person.

In equation (1), the separate threshold value T, denotes setting to the
median value the highest score of the degree of similarity calculated when
verifying the feature data extracted from the data showtng the physical
features of the individual who is the verification source and the non-

corresponding data, and the lowest score in the verification score distribution



corresponds to the input device of the present invention, and t%]ﬁﬁ{:gom
processi ng apparatus 5 corresponds to the data processing device © e
present invention. Next, the structure of a fingerprint verification system
as the personal identification apparatus according to the second

embodi ment of the present invention is shgwn in Fig. 6. The present

enbodi nent differs from the first invention shown in Fig. 1 on the point
that the fingerprint of one finger only is input fromthe ing;t appar at us

1, and the fEiusexpertnst to bepbnpkle fne the foafvae data sxbracted Hoa s/ AaRR t he

pre-registered feature data of the verification object, is not input. In
Fig. 6, the showaigthese phypgealdastures bf she éadifidualtvho i thd vedficattod i s
sent to the feature extraction device 21. In the feature extraction device

21, the fealifchs SHAAC! Ry if1AB! 1 Ii8E LOAMENRLINIRNRILOT HERGES

data. The quantifie eature als sent to e verification devVi

In the verificatio evi ce.24 he .pre- .registere eat.ure data_.of the
verificati onsabpnat H peidt valis SPRcCrEcathl EENNE doidn Ot Punitifiay
data. nmenory unit 31, verification of the feature 28 June 2004 36 data
i nput from t ealchlatedfeomtearammldiisirdeuttan M obtaineddvloen verifiing the
verification score is calculated (steps 70 and 72). Next, the acceptance
devi ce 25 refgitues dhtpextRtabfriohi €4 fiageAONhEBnabbdave of the pbisn 9y e and

the feature nunber that specifies the pre-registered
verified and the pre-registered feature data extracted from the fingerprint
image data of another person, and the lowest verification score Tn of the
verification score distribution N expected to be obtained from the person.

Next, the verification operation of the feature data will be explained.
The fingerprint image data of the first finger from the input apparatus 1 and
the feature number, which is the designated data for specifying the pre-
registered feature data of the verification object, are input into the data
processiﬁg apparatus 2, and sent to the feature extraction device 21.

In the feature extraction device 21, the feature data from the
fingerprint image data is extracted and quantified. The quantified feature
data is supplied to the verification device 24. In the verification device 24,
the pre-registered feature data of the verification object is read from the
feature data memory unit 31 using the feature number as a key, and
verification is carried out of the feature data extracted from the fingerprint
image data input from the input device 1. The verification device 24 sends

the score obtained by the verification and the feature number of the

verification object to the acceptance determination device 25.



feature data referred to during verification, and separate thre%q,ld 551(# es
set according to each of the itens of the pre-registered featur dat & ad
during the verification are retrieved (step 74). In addition, the
acceptance device 25 conpares the size of the verification score found in
step 72 and the separate threshold val uesy;set according to each set of
pre-registered data read during verification, and in case the verification
score surpasses the separate threshold, values, jt is saved in the sunpation
vari abl e (step 78) ﬁni tﬁ-{)esg%gtarm cf???%b‘hat?@} a?ﬁ‘icﬁ 2&6&%§%E’%Fg"t?§ﬂ1?"é§’é’gred
(step 80) until the verification of all feature data included in the

f eat ure dat a vedmerdatsis hesd tonpkie¢ eeparate shrasheld ealue datiai mamwoyy turdt 32
acceptance unit of all of the feature data included in the feature data

menory unit 3isihg the Q@éufﬂrﬁchuxﬁbéﬁ vedfbyt (iR verefitdti®s deeRbIdusad Adeyassd aaved

in the summation variable are sent to the result summation device 26 by

arc caved ar corinniian pE it BebyFack BBl PIRYe Al i s PRyl 1

a "match" or a "msmatch"” for the verification results of the fingerprint
by whet her orcaxsied qufer &5 & refatlhof this sempariten srthepathearsralicatinn searpués t he
determ nation result to the output apparatus 4 (steps 84, 86, 88). Next,

t he concr et e lapgemtontrobllathforfdispleyimg the usbhge Ghateh siystherndgud deeic20D4

37 according to the present enbodinent is explained referring to Fig. 8.
The is output, and when the verification score is smaller, the control data for
displaying the message “mismatch” is output to the output apparatus 4.
Next, the concrete operation of the fingerprint verification system
according to the present embodiment is explained referring to Fig. 2 through
Fig. 5. First, the operation during registration of the feature data is
explained. Fingerprint image data is input three times for the same finger
by the input apparatus 1. The three sets of fingerprint image data are sent
to the féature extraction device 21, and respective feature data is extracted
by the feature extraction device 21and quantified. Here, the items of
quantified feature data are S1, S2, and S3. The itéms of quantified feature
data S1, S2, and S3 are sent to the registered feature selection device 22.
The registered feature selection device 22 carries out verification
between the different input feature data in the sequences, for example, S1
and S2, and S1 and_S'3, and a verification score is output as shown in Fig. 4.
The respective veriﬁcatiqn scores are calculated, and the highest score serves

as the feature data for the registered object (step 50; Fig. 2). In the example

shown in Fig. 4, because the integrated value of feature data S1 is the highest



operation during registration of the feature data is the sane a%stfﬁﬁ{:z%zt
the first enbodinent, and its explanation is onmtted, and the operation
during verification is explained. Fig. 8 shows the flow chart shown in
Fig. 7 based on this concrete exanple, and step ?? applies identical
reference nunerals to the processing stegg that correspond to the
processing steps of the flowin Fig. 7. However, the processing steps

correspondin n art ,o € .processi steps in.Fig. 7 are elimnated
for conveni e%ﬁgggﬁ’ %Pﬁ%g#%ﬁg Wgﬁﬁsﬂﬂeﬁeé?g%gfed{]?@e&eature data and
the separate threshold value data are stored in the nmenory apparatus 3
usi ng the feature Hireegigtsred feayure seleetion devicafii cdlealatiesboldt mens sk uned
to be sent fromthe input apparatus 1. First, in step 70, the feature data

000001 that wemddrdsdevittibR@fithe Vetificatiod schbfqmidthd BghetevalieahBOr Y
unit 31. In the verification device, the feature data retrieved fromthe

feature datg, @Rﬁ)ﬂn%h{:ﬁegﬁ .eslée%%ﬂ.g%%fﬁeﬁg% ﬁﬁi:ﬁt %aﬁﬂtthg%o'ﬁr-g d nid%?ét by

the feature extraction device as a resu € Veriftication 3core
of 5 points i.s obtained (step .72), Xt, in step t he acceﬁlanc devi ce

74
25 retri evesiqatire daha aeeistenedayhtn thatapeiat (ztepe S2pBuitey 2o NRat, these

pre-registered feature data of the verification object whose verification
was carried waludsr=tsbst@utedintoreguasimmafldt @nd bhe spdichty ahreshold salvesor y
unit 32, and here, a separate threshold score of 854 points, corresponding
to the firstapsgalcaliedaERD 56 ©). dBi Squaiio®PlRkREYalues of the parameter
k are 1 to 8. The calculated separate threshold values are stored in the
separate threshold value data memory unit 32.

Next, the verification operation of the feature data is explained
referring the Fig. 3 and Fig. 5. Fig. 5 shows the concrete contents of the flow
chart in Fig 8. As shown in Fig. 5, the feature data and the separate
threshold value data are storéd in the memory apparatus 3 using the feature
number 'as a key. Here, the feature data input from the feature extracting

| device 21 is sent to the verification device 24, and the feature number 000003,
which is the designated data for retrieving the feature data of the verification
object, is sent from the input apparatus.

In Fig. 3 and Fig. 5, in step 60, the verification device 24 retrieves
corresponding feature data by using the feature number 000003 frqm the
feature data memory unit 31 as the key. In the verification déevice 24, the
feature data that has been retrieved is verified against the inpuj: feature data,

‘and a verification score is calculated (step 62). Here, the calculated

verification score is assumed to be 5000, as shown in step 62 of Fig. 5.



28 June 2004 38 Next, in step 76, the acceptance device 25 Car@S%ﬁn?Eé&@
conpari son of the size of the separate threshold val ue obtainedi'n'step 74
and the wverification score. Here, for the verification score of 5 points,
it is determned that there is no match because the separate threshold
value is 854 points, the processing returgg to step 70, and the next
pre-registered feature data is retrieved. Next, in step 70, the feature

data havi ng .f eat ur umher 000002 is retrieyed next .frogmth ture data
torory uni L 31 1 NEEh lstep o the Secemtencs terRBaven AR A o e 4
verifies the retrieved feature data having feature nunber 000002 agai nst
the feature deargespopging separdte thiesttold aabye Batl bymstny fasdupd puamdebras a
result, a verification score of 3000 points is obtained. Next, in step 74,

the accept anc@o@ms £ adkey! dHitleYpscified thé hentsepdndd of thdwashedisoy abjeet dat a
menory unit 32 the separate threshold value corresponding to the feature

data of the V&h{g\f ﬁ% u'r%é tﬁ&%hpl’@%%&iﬂaeﬂe%%ﬁn%35.2’ Il?g%tpg&?,%hea

separate thres € score o I'nt’s,” correspondi ng he "second
feature data, is obtaiped. Furthernore, in step 7, the acc pt%?l devi ce
25 conpares t%‘é‘ePE%‘H&"gqt@r‘PﬁF%g%ld@%I%C%P% & §ppardis tare tgue
verification score obtained in step 72. Here, in contrast to the
verification coeiredin 83Gp06pwiith she verification score. Here, because the

verification score of 5000 is larger than the threshold value 3311, the
acceptance determination device 25 determines that the feature data that
was retrieved and the input feature data agree, and outputs to the output
apparatus 4 control data showing the expression “match”. As a result, the
output apparatus 4 (step 68) displays the message showing “match”.

- In addition, in step 66, in the case that the verification score is larger
than the separate threshold value, the acceptance determination device 25
determines that the feature data that was retrieved and the input feature
data do not match, and outputs control data showing the expression
“mismatch” to the outpﬁt apparatus 4. As a result, the message showing the
expression “mismatch” is displayed by the output apparatus 4 (step-70).

According to the personal identification apparatus of the first

embodiment of the present invention, because the separate threshpld values
are calculated based on the feature data score distribution extracted from the
data showing the physical features of the individual who is the verification
source, and the verification score distribution of the feature data extracted

from the data showing the physical features of the individual who is the



the separate
score does n

there is a match between the feature data extracted fromthe fingerprint 28

June 2004 39
of feature d
unit 32, and

threshold value is 1230 points, and because the verjgfy '
ot exceed the separate threshold value, it is detern%gnjggg%gg%"

i mage data input fromthe input device | and the second set
ata retrieved fromthe separgyse threshold val ue data nenory
the result is stored in the result sunmation variable (step

'n the eat ol e msREORHOPGE BadiThe S Hhetindng Laubi TR e

above proces
the feature

sing has been carried out for all the feature data stored in

dhehthe applity af thedatasskgyve) the phydealicateres plithe individua) t

sumation variable is sent to the result summati on device 26. In step 82,

the result s

wrbomid the denificetidld ssure dribtltaterifiantidn isboreheithstihanmiel on

vari able. The result summati on device 26 stores the feature data nunber

000002 in theerReMldd %gﬁ?%t A8 e dRrficAlth ﬁl'ﬁég% %f[ 1{’?{2 it %Zg%cfsﬁfﬂl@ g4 that

the verification of t Ingerprint is a matc

ermnati on

result is output.to.the qgg#)u apparatus 4 (steps 84 and 86). According to
P

t he personal
"the present

1fefii the i aratus according the second enbodi ment of
I nvention, in addition to the results obtained by the personal

i dentification appdradditigpcacerding to theepérnsonal idevdifitiation apirnadus ef the

verification

results of the feature data extracted
first embodiment of the present invention, because the separate threshold

values are set at the median value of the highest score of the degree of
similarity calculated when verifying the feature data extracted from the data
showing the physical features of the individual who is the verification source
and the non-corresponding data, and the lowest score in the verification score
distribution expected to be obtainable for the feature data extracted from the
data showing the physical features of the individual who is the verification
source, By producing threshold values separately for the registered feature
data according to the quality of the input data showing the physical features
of the individual who is the verification source, it is possible to carry out
acceptance determination in personal identification in line with the score
characteristics of the feature data extracted from the data showing the
various physical features of the individual.

Next, the structure of the fingerprint verification system of a personal
identification system according to a second embodiment of the present
invention is shown in Fig. 6. As shown in Fig. 6, in the present e,m‘bodiment,

in addition to the structure of the data processing apparatus 2 in the first



fromthe data show ng the physical features of the individual “Q%JBﬁegﬂﬁh
verification source and all pre-registered feature data are found, an n
addition, the verification score showing the verification results and the
separate threshold val ue. set according to each set of pre-registered
feature data are conpared in sequence, angk the individual is identified
based on thi's conparison result, there is no need to input in advance

desi gnated data, (|.D 40 .dat.a) specifying the feat dat.a .of. the individual
tho o the varnbidigid, iSHRts BRCG e et e Bidtior R iR e
| oad of the specified data. In addition, according to the personal

i denti fi cati cywmamsaion devica@6oanil bgcawse the stheymtruntbogi amenideoticahto thasent
invention, in the case that a plurality of candidates for the

pre-regi st er e theglewsendldtantificaon Gppiat- Bt Eecoy¥@inigl tottile! fvat B difeng,
output, it is possible to determne that there are nmultiple registrations

ut pu s o deter i n .
fingor has r asapanp? paplena utad dpfsd MBR VT I bor Mes R deie PO

verification systemthat is a . personal identjfjcation apparatus according
Lo the third Slessimmisticep2and the sepaetq &\F@ﬁ Pléinva,%mca@aﬁ@%naﬁeﬁw 25 are

referring to Fig. 9. The fingerprint verification systemaccording to this
enbodi ment diiflértisa¥ tcothashehstviuint Bige lofindttheihdetidapationds ongttedpar at us 2
in the first enbodi nent showmn in Fig. 1 on the point that in addition the

data processidygvaaRaical UMdreBRsr, LRI R entBYB AR ARt P38 10O
devi ce 27 that updates the separate threshold
corresponds to the input device of the present invention, and the data
processing apparatus 5 corresponds to the data processing device of the
present invention.

Next, the structure of a fingerprint verification syste;‘_n as the
personal identification apparatus according to the second embodiment of the
present invention is shown in Fig. 6. The present embodiment differs from
the ﬁrsf invention shown in F1g 1 on the point that the fingerprint of one
finger only is input from the inpuf apparatus 1, and the feature number,
which is the designated data for specifying the pre-registered feature data of
the verification object, is not input. In Fig. 6, the fingerprint image data
obtained from the input device 1 is sent to the feature extraction device 21.

In the feature extraction device 21, the feature is extracted and
quantified from the fingerprint image data. The quantified feature data is
sent to the verification device 24. In the verification device 24, the pre-

registered feature data of the verification object is retrieved and read in

sequence from the feature data memory unit 31, verification of the feature



val ues set according to the verification result of the feature e 2004
extracted fromthe data showi ng the physical features of the in |V|dua
who is the wverification source and each set of pre-registered feature
data, and a result summation device 26. Mreover, the pre-registered
feature selection device 22, which carrlgﬁ out the registration
processi ng, and the separate t hreshol d ue cal cul ation device 23 are

identical to.those in Flg and their pl anati on has been onitted for
conveni ence. it B frophihe f?&ﬁ't‘fed%’ﬁr%tl‘lnﬁéw fa3red obeand sut devi ce

and the data processing apparatus 6 28 June 2004 41 corresponds to the
dat a pr ocessveqgfidetipnacofe ishmlpulatah(stepy 80tindn72)Next , t he operation of the
fingerprint verification systemaccording to the enbodi ment shown in Fig.

9.wi |l be explai nefidxef g éd?ﬁpﬁéhéehtfevfléé)% E'Qé’él%es Bonftik vdficdtids HevicB®
fingerprint image data of one fingerprint fromthe input device 1 and a

feature nunb t ha t he_ desi d.dat a _spec re regi.st er
feature data ?V?ﬂgc@@?flfc%rﬁ?%(g{%%f &Fpr%pgnfq%ﬁ\é ﬁ 158‘?\? g Bref 'feeﬁ‘&ure
‘extraction device 21. In the feature extraction device 21, the features
from the i nplature dgta peferred; toedieringwaridication: padsenaratd theshold velieswes

quantified feature data and the feature nunber are supplied to the
verificati onacendiey tsledcloof thditefgaifthe pstregidtb ol fdavikedh. réad dléng

verification device 24, the feature data of the verification object
the verification are retrieved (step 74). In addition, the acceptance device 25
compares the size of the Vel;iﬁcation score found in step 72 and the separate
threshold values set according to each set of pre-registered data read during
verification, and in case the verification score surpasses the separate |
threshold values, it is saved in the summation variable (step 78). In steps
70 through 78, this processing is repeated (step 80) until the verification of all
feature data included in the feature data memory 31 has completed.

After the verification by the acceptance unit of all of the feature data
included in the feature data memory unit 31 is completed, a list of the
verified results that are saved in the summation variable are sent to the
result summation device 26 by the acceptance device 25.

In the result summation deﬁce 26, the data that are saved are
summed (step 82). The result summation device 26 determines a “match” or

| a “mismatch” for the verification results of the fingerprint by whether or not
there is data in the summation variable, and outputs the determination

result to the output apparatus 4 (steps 84, 86, 88).

Next, the concrete operation of the fingerprint verification system



is retrieved fromthe feature data nenory unit 31(stepl00) usi n@gtjl&ﬁe 004
feature nunber that specifies the feature data of the verification O%J ect
as a key, verification against the feature data extracted fromthe input
fingerprint inmage data is carried out, and the verification score is
calculated (step 102). The verification s3pore obtained in this
verification is sent to the acceptance determ nation device 25. The

cation is sent to the | 5. The
' om the cpa o ainR b HsHR AR BThb P LR SR BRI e W MR RS LT e

nunber that specif.ies, the feature data_ of, the verification obj.ect as a
key, and t hi OReEatigpdaring T ETRROn, RS, e featyts, dake df éﬁ% S8 aothaipf tﬁfoe).

In step 106, in the case that as a result of conparing the verification 28
June 2004 42 first ensbahohentcand parexpdandties oboittatyasd the operdtiox during
score is found to be higher, it is determned that the feature data

extracted fromrifi@tiddmespiaited, | FAges dRbRsith Wow ERaMtISHO W Figlevbasdl
and the feature data retrieved fromthe separate threshold val ue data

ey U S5 (e A0Sk ff 77 OSSR R b

paraneter of the correspondin fingerprint data used as the_ correspondi ng
feature data the RIpERISERE stapstthag corespond t e Procgssing stery of dre Hom 1ndigure
data extracted fromthe fingerprint 1inage data input fromthe input device
1 and the préfr edowkeesdht gabesssimpsi@ps corresponding fo one part of the processing

steps in Fig. 7 are eliminated for convenience of explanation.

As shown in Fig. 8, the feature data and the separate threshold value
data are stored in the memory apparatus 3 using the feature number as a key.
Here, the input feature data is assumed to be sent from the input apparatus 1.
First, in step 70, the feature data 000001 that was first stored is retrieved
from the feature data memory unit 31.

In the verification device, the feature data retrieved from the feature
data memory unit 31 is verified against the feature data input by the feature

| extraction device 21, and as a result, the verification score of 5 points is
obtained (step 72).

Next, in step 74, the acceptance device 25 retrieves the separate
threshold values corresponding to the pre-registered feature dafa of the
verification object whose verification was carried out in step 72 from the
separate threshold value data memory unit 32, and here, a separate
threshold score of 854 points, corresponding to the first pre-registered feature

data, is cbtained.



is Sc, in equation (1), the mean value Si and dispersion of of the, 2004
verification score are updated by equations (2) and (3), the separate
threshold values T. are recalcul ated. Thereby, the correspondi ng separate
threshold value data stored in the separate threshold val ue data nenory
unit 32 is updated. nSi+SCn +.1 .(2) Q g (3) n In addition, in step 106,
in the case that as a result of the conparison of the verification score

and the separate threshold v es the verifigcation score is lower, it is
ot or m nd. that -t A ath P RIAS R ACSE ARFor I B CSBTEA IR 2OORPRSisON of
fingerprint inmage data input fromthe input device 1 and themfre-regi stered

f eat ure dat athesiiecafddergeparatectimephold walukrobshivled waitep Tdatral themory uni t
32 do not match, and in this case, in step 112, the paraneter of the non-

cor r espondi ngetifitgieionr ddote.datiarsSBe tBS vepifics GlohaepANEl MeofRat Mg data is
updated. That is, anmong the verification scores of the non-correspondi ng

0 P ol 45, 68 SO R Tl

equation (1),.. .the sepgrate threshold value T_ is recal cul ated, .and the
cor r espondi n§o4 points, the processing returns to step 70, and the next pre-registered

feature data is retrieved.

Next, in step 70, the feature data having feature number 000002 is
retrieved next from the feature data memory unit 31. In steﬁ 72, it is
assumed that the verification device 24 verifies the retrieved feature data
having feature number 000002 against the feature data input from the
feature extraction device 21, and as a result, a verification score of 3000
points is obtained.

Next, in step 74, the acceptance device 25 retrieves from the separate
threshold value data memory unit 32 the separate threshold value
corresponding to the feature data of the verified object that was verified in
step 72, and here, a separate threshold value score of 1230 points,
corresponding to the second feature data, is obtained.

Furthermore, in step 76, the acceptance device 25 compares the
separate threshold value obtained in step 74 and the verification score
obtained in step 72. Here, in contrast to the verification score of 3000 points,
the separate threshold value is 1230 points, and because the verification
score does not exceed the separate threshold value, it is determined that

there is a match between the feature data extracted from the fingerprint



separate threshold value data stored in the separate threshold v zﬁ
menory unit 32 is updated. The above processing is carried out for aII t he
feature data stored in the feature data nenory unit 31 (steps 100 to 112),
and when this is conplete (step 114), the result summati on device 26 suns
the data saved in the summation variable. qoThe result summati on device 26
determ nes whether the verification of the fingerprint is a match or

m smat ch by whether or. not the_ feature data number is stored in the result
sunmat i on varmafeddatajapugdromithe ippubdewicailmnd bhe pecond; sateidpaturgidad

device (step 116). According to the personal identification device of the
third enbodimeritved fiohe the ssemtate wlhiesshobd vahecdaisemiche ryapait 82¢ ahidrebehol d
val ues are updated based on the verification results of the feature data

extracted freEiiig siGed inhaw fé@ult%rﬁﬁﬁfthﬁﬁ{raﬁﬁﬁieu(sgﬁ) 9&).the individual

who is the wverification source and pre-register f€ature data, when

carrying out pers dentification th epar at e
Chr eshold val e at TReoBBreIbHe SR AR pasbeault RISt e EaUae Gqa Gore
personal identification apparatus that identifies an individual by finding
the verifi catindierfesture detarmenmonpdeviesalir Wdwenat hasthegot datermanedithat

showi ng the physical feature of the individual who is the wverification
source and t hheplRveqgosding hhedeoh@adficd oaft fohall\heiftanatl dita stored in

the feature data memory unit 31 (step 80), the data stored in the result
summation variable is sent to the result s.ummation device 26.

In step 82, the result summation device 26 sums the data saved in the
summation variable. The result summation device 26 stores the feature
data number 000002 in the result summation variable, and thus it is
determined that the verification of the fingerprint is a match, and the
determination result is output to the output apparatus 4 (steps 84 and 86).

lAccording to the personal identification apparatus according the
second embodiment of the present invention, in addition to the results
obtained by the personal identification apparatus according to the first
embodiment, because the verification results of the feature data extracted
from the data showing the physical features of the individual who is the
verification source and all pre-registered feature data are found, and in
addition, the verification score showing the verification results and the
separate threshold value set according to each set of pre-registered feature
data are compared in sequence, and the individual is identified based on this

comparison result, there is no need to input in advance designated data (ID



obj ect, and determ ning whether or not the degree of simlarity 1btalpgss by
this verification result exceeds the separate threshold val ue set accordi ng
to this pre-registered feature data, it is possible to record on a
conputer readable nediuma programthat realizes the functions of a
personal identification apparatus having g separate threshold val ue

cal cul ation device that calculates the separate threshold val ues based on
the verificati distributiqn of the, featur ata %:étra_(:ted_fromthe

0 Score. . 2
data showi ng deke) shepdving the foature daty of the individual thaisdhegerprcation

verification source, and the corresponding feature data, and the
verificati onobjxot.eand #t isigussibde tofettease thatinpet hatdaofakt rspetididdfdado t he
data showi ng the physical feature of the individual who is the

verification sourcenaditibg, AQQ0r&Rie" WW@GH%%ntmafiGﬁ@@QIBMSS program

recorded on this recording nediuminto a conputer system and" executing

dai a show ho BEHECHS 20 LT Sedont FoBRARRERE S e RitRE) nielPe. il 80 ol endi”

verification source is bad, and the verification score of the ]
pre-regi st er eluzality of eandidatesfon the preremsteneddbpture dagalagneeing withahso
possible to record on a conputer readable recording nedium a program for

real i zi ng t heefificationnreshilts ipeuspnglit ixiemisilile catdetsrnaieathat theBardine 2004
45 characterized in having an i nput device that inputs designated data

that  speci f ingSitfAL 3o STARMEIh PN HCRmE BHEUE S Plt it POsdiBH ¥ drdk Whbther
pre-registered :
or not the same finger has redundant registrations.

Next, the structure of a fingerprint verification system that is a
personal identification apparatus according to the third embodiment of the
present invention will be explained referring to Fig. 9. The fingerprint
ve'riﬁcation system according to this embodiment differs from the structure of
the data processing apparatus 2 in the first embodiment shown in Fig. 1 on
the point that in addition the data processing apparatus 6 has a separate
threshold value extraction device 27 that updates the Separate threshold
values set according to the verification result of the feature data extracted
from the data showing the physical features of the individual who is the
verification source and each set of pre-registered feature data, and a result
summation device 26. Moreover, the pre-registered feature selection device
22, which carries out the registration processing, and the separate threshold
value calculation device 23 are identical to those in Fig. 1, and their

explanation has been omitted for convenience. Moreover, the input device 1

corresponds to the input device and the data processing apparatus 6



feature data of the verification object, a nenory device that Stz‘érjﬁﬁeﬁt?&l
feature data sets that are extracted fromthe data showi ng the physica
features of the individual and the separate threshold val ue data sets that
are set according to the respective character data sets, and a data
processing device that extracts a pluraligyy of feature data fromthe data
showi ng the physical features of a plurality of individuals input by the

i nput devi ce ' | ' : l.Res that is to
be'regi ot er e obsaangh SPHES At BRoceBin AR RET o R EREHE S Rl 2l 1 1y of
feature data, calcyl ates the separate threshold values by verifying the
feature data to be N shepreraiin of the Bpgerpapisterpidcptianbystenyagrding to
carrying out statistical processing on the verification data, stores in
the menory deéheembddinfeastshosrmdat Hig.® wéll beegpidiapddefordinighie tdepficwtchart

t hreshol d value data, and at the sanme tine extracts feature data of the

verification jaompceof rpms%,h&edﬁﬁgeﬁﬂﬁw g @atPdDcHLRhod SR 88nPELd he

i ndi vidual input fromthe input device during verifi Ca%-l on, reads fromthe
menory devi ce [e-r.e f eat ur e r

th | stere . t a. of he veri,fjcation..obj ect
based” on' ¢ he RSF gRERed Hhd HTeqhyier R bRr SR i he detipiiiey 4 oty
verification source and the pre-registered feature data of the
verificati on thejpyetrestatereshieature data efithe waifiqationhiest e inpati 2rd seriuta
based on the conparison results of the separate threshold data. By reading
this programthedeatiad extrddtich dewios @lng mediuminto a conputer system and
executing it, it is possible to identify a person even 28 June 2004

In the feature extraction device 21, the features from the input
fingerprint image data are extracted and quantified. The quantified feature
data and the feature number are supplied to the verification device 24 from
the feature extraction device 21.

In the verification device 24, the feature data of the verification object
is retrieved from the feature data memory unit 31(step100) using the feature
number that specifies the feature data of the verification object as a key,
verification against the feature data extracted from the input fingerprint
image data is carried out, and the verification score is calculated (step 102).
The verification score obtained in this verification is sent to the acceptance
determination device 25.

The acceptance determination device 25 retrieves the separate

“threshold values from the separate threshold value data memory device 32
using the feature number that specifies the feature data of the verification

object as a key, and this is compared with the verification score (step 104 and

106). In step 106, in the case that as a result of comparing the verification



46 when the quality of the input data show ng the physical featjérj%nggobjpe
i ndi vi-dual who is the verification source is bad, and the verificati

score of the pre-registered feature data of the verification object is \
low. It is also possible to record on a conputer readable recordi ng nmedi um
a programfor realizing the function of a 4krsonal identification apparatus
characterized in having an i nput device that inputs designated data that

speci fies dalgaosd Mt RHe Bbﬁﬁﬁﬁlth}@ﬁiﬂﬂ%ﬁflﬁés fﬁ@vér@%&a‘ﬂdﬂ*‘@dor@ri‘éjfound to be

pre-registered feature data of the verification object, a nenory device

that stores t t.a sefs {hat are exiracted f.romthe data show ng
t he physi cal nglél?a{’ gl?%sg&%egﬁﬁgeﬁﬁt}?ﬂ:%gqa }}ﬁ%ﬁ?f‘?ee’gtéﬁ%‘?gtigoqlﬁgg e(’i'pV&I%ue
data sets that are, set according to the respective character data sets,
and a data prBEssialg inpufilftam theinput davics laand thefaatyredatecatuiered fram
fromthe data showi ng the physical features of a plurality of individuals
i nput by t he thapeparmei theresholdnglue elgita tni@hben united Rmitele addehd gauly ¢ dat a
that is to be registered based on the verification results between the

plurality of theabhigaridiiis datcaiptrs rddiftt sﬁﬁ;‘i@éﬁlﬁagfiémés(@ﬁé digegl ues by

verifying the feature data to be registered and "t pre-registéred feature

data and carrying tatistical sing.on.the ,verification data,
stores in the mem)?gﬁ 8@\5‘?"@ e,tH}egi}eggl:]afgﬁag@gapgt%‘e&tpgépgegpg t he
separate threshold value data, and at the same tinme _extracts feature data
of the veri f%@ﬂeﬂ'ﬁ A dataaisedan theecarsesponding fepture dafmissupddtede alhab s, of

the individual input fromthe input device during
if the verification score of the feature data extracted from the fingerprint

' image data input from the input device 1 and the pre-registered feature data
| is Sc, in equation (1), the mean value Si and dispersion oi of the verification
score are updated by equations (2) and (8), the separate threshold values T,

are recalculated. Thereby, the corresponding separate threshold value data

stored in the separate threshold value data memory unit 32 is updated.

o — “§l+sq ,

-8 = n+1 | C eeeeas (2)
- Ta. \2

o = (n=l)o + (8e=8)* (3)

n

In addition, in step 106, in the case that as a result of the comparison
of the verification score and the separate threshold values the verification

score is lower, it is determined that the feature data extracted from the



verification, reads fromthe nmenory device the pre-registered featyre-ggia
of the verification object based on the designated data, verifying tﬁe
feature 28 June 2004 47 data of the verification source and the
pre-registered feature data of the wverification object, and carries out
the identification of the individual basedd3 on the conparison results of
the separate threshold data. By reading this programrecorded on a

recordi ng nmedg ' . Ot L0, | L) '
rdvance the- dulsRERR fEaa MR b ARG TRBTApEE REic Wand cho AU pliler
feature data pof  the verifi.catiqn i unnecessary. a. per.sonal i
donti f1 cat | dRCHA AR SRS &roum the Sapatre Resiold VAl (R e epTR R
data that specifies data showi ng physical features of the individual and
pre-regi st er e3P fleavtimeatght andfintthés cane, in stap b2, dbpaarametaendtlye deni ce

that stores the feature data sets that are extracted fromthe data show ng

the physical dogpdspondis ﬁh@@gﬁﬂiﬂf dhtlabed A8 noRecoriponideng fdHtesE dada Yal ue
data sets that are set according to the respective character data sets,

and -a data in | C - ' dat a
fromthe dat Q‘E Ig(ﬁagc\%ahgq‘th%g\%'ha;clrgpggltthgé%{f%r%égmgf&é%%%fr%ir?yn'é@%%qlg al s

I nput by the [nput device during.registratjon, determnpes {he feature data
that is to beé?%‘ifl Ryt éat%gle%fdwoﬁhetw&aﬁem P%%ICPWSP%&% e%‘ﬂ%&?itat
plurality of feature data, calculates the separate threshold val ues by
veri fyi ng thethe verification score Sc, the largest value ti is used as ti, and by equation (1},

the separate threshold value T, is recalculated, and the corresponding
separate threshold value data stored in the separate threshold value data
memory unit 32 is updated.

The above processing is carried out for all the feature data stored in
the feature data memory unit 31 (steps 100 to 112), and when this is complete
(step 114), the result summation device 26 sums the data saved in the
summation variable. The result summation device 26 determines whether
the verification of the ﬁngérprint is a match or mismatch by whether or not
the feature data number is stored in the result summation variable, and
outputs the determination result to the output device (step 116).

According to the personal identification device of the third
embodiment of the present invention, because the separate threshold values

i are updated based on the verification results of the feature data extracted
from the data showing the physical features of the individual who is the
verification source and the pre-registered feature data, when carrying out

personal identification, it is possible to set the separate threshold value at the



feature data to be registered and the pre-registered feature datg gadogos
carrying out statistical processing on the verification data, stores In
the nenory device the feature data to be registered and the separate

t hreshol d value data, and at the sane tinme extracts feature data of the
verification source fromthe data show ngi4 he physical features of the

I ndi vidual input fromthe i nput 28 June 2004 48 device during
verification,, rtfiﬁglsv em the menmory device the pre-registered feature data
of the verifiCatton o | éct based on the designated data, verifying the

feature data of the verification source and the pre-registered feature data
of the verificati oﬁ‘/lelzﬁoaép,ma%eewraﬁé&%&caftw RERRKALHS Shet HPrHTaeEen

i ndi vi dual based on the conparison results of the separate threshold data,
it is possiblindividuakbyifohding &he wepificationaedalilof the dipat feginpgdata f or
realizing the functions of the personal identification apparatus

char act er i zegxtfuadtb@ fiiih AatR'sB6REHE MHe PRYERA] ¥oithly bhehd D dl{vﬁqedj?sl #heof

the verification source and the pre-registered feature data o
verification soufce.that has begen read, .and at i t he .separ.ate,.
hreshord varoetiiarion Suule smd e Eam et 1t B8 o B8 Bhalion
threshol d valye data_read fromthe nenory device based on the verification

score show n@biers, saddetermingnsveketihes oxmet the desreqpiaindlaritrobtBinedhyi ng

a programrecorded on a recording nediuminto a conputer system it is
possi bl e to shis védfissiion abeult kkesdts thevsdpueatwhihiresheldryslng set'hesdaaned

i dentification to an optical val ue.
this pre-registered feature data, it is possible to record on a computer
readable medium a program that realizes the functions of a personal
identification apparatus having a separate threshold value calculation device
that calculates the separate threshold Va_lues based on the verification score
distribution of the feature data extracted from the data showing the physical
features of the individual who is the verification source, and the
correspdnding feature data, and the verification score distribution of the
feature data extracted from the data showing the physical feature of the
individual who is the veriﬁcatioﬁ source and the non-corresponding data.

By reading this program recorded on this recording medium into a
computer system and executing it, it is possible to identify a person even
when the quality of the input data showing the physical feature of the
individual who is the verification source is bad, and the verification score of
the pre-registered feature data of the verification object is low.

It is also possible to record on a computer readable recording medium

a program for realizing the function of a personal identification apparatus



In addition, it is possible to record on a conputer readable ne '%nla
program for realizing the functions of an personal identificati 35%%9%ﬁus
characterized in the separate threshold val ues being set to the nmedi an
value of the highest score of the degree of resenbl ance cal cul ated when
verifying the feature data extracted froms he data show ng the physical
features of the individual who is the verification source and the

non- correspongdi ng data, .and .t he | owest, score i.n th er.iflcati core

G ot r 1 but s on DieaePBtRa Riiviblan MR Gel tphdfs MR EARABELr  om
t he data show ng the_ physical 28 June 2004 49 features of the individual
who is the vepefiftestdain showring pippicad fentvges obthyindividued egsprsnragistered

recording mediuminto a conputer system and executing it, it is possible

to carry out faatwreatithafche vdeiftranionadhjedct, brmprios rieliceddaltistorestthen i n
line with the score characteristics of the feature data extracted fromthe

data show ng i%Qﬁu@U%h%%‘ts F;%{i"%/ g:lfeeéxt‘ﬂ ctell o&%@eﬁthvﬁoiwﬁﬂg:}hg@%ri%l dat a

produci ng separate thresho ues for the pre-register

depending on the qual.iiy.of. the in dat a how n e physical features
of "the | d vilbagreRRs the eiridinl $R ke Stsuals et old Tl T et SRt b
aspect of the invention, because of this personal identification nethod

that finds theetaeedridingte the respactivefchiwatter datasats, axdradatapiesssingput
data showi ng the physical features of the individual who is the

verification &StdCehauktpidts aefiughHEPOf feadtty @atlafrandthd H8ta showing the
physical features of a plurality of individuals input by the input device during
registration, determines the feature data that is to be registered based on the
verification results between the i)lurahty of feature data, calculates the
separate threshold values by verifying the feature data to be registered and
the pre-registered feature data and carrying out statistical processing on the
verification data, stores in the memory device thé feature data to be
registered and the separate threshold value data, and at the same time
extracts feature data of the verification source from the data showing the
physical features of the individual input from the input device during
Veriﬁcation, reads from the memory device the pre-registered feature data of
the verification object based on the designated data, verifies the feature data
of the verification source and the pre-registered feature data of the
verification object, and carries out the identification of the individual based
on the comparison results of the separate threshold data.

By reading this program recorded on this recording medium into a

computer system and executing it, it is possible to identify a person even



verification object, and identifies the individual by whether Ob.q%heﬁgﬁh
degree of simlarity obtained by the verification results exceeds a
separate threshold value set to correspond to pre-registered feature data,
and wherein this individual threshold value is cal cul ated based on the
verification score distribution of the fegture data extracted fromthe
data showi ng the physical features of the individual who is the

verification sourge and.the, corresppndi feature . data, .and th

ver 1 cati on VAt heyfBRKIYOE i IHRALA SPORAOE it Bbaotsal Tobkes LM 11 om
the data show ng the physical features of the individual who is the
veri fi cati onisdividealawlotih éhe yerificationpontiaiy bads ainid; thet vertfiction score of
identification of the individual is possible even in the case that the

qual ity of tkjRe pRreubeTidbredhRabhddhfeoPiNeSicricatthal dsbey isdbiwecs of the 28
June 2004 50 individual who is the verification source is |low and the

verification score ' £ | £ [,on
object is |ow Acc%?(iﬁ %%SB&(?% % ﬁ%é Zg%%%ogﬁéglpgegtﬁﬁlﬁp ?%lﬂ%alﬁﬁggen%%%% cgggieﬂlt he
verification result of the _featg{é data extracted fromthe data show ng the

physi cal feafR@eram Yoxdeplging theafunghion of a perspral MeanifighonRpRATaiNg al |
pre- registered feature data is found, and the verification score show ng

the verificehavactergedtin laving laa inppddaviecetthne simphid dealigratedtdatadhat
depending on each type of pre-registered feature data are conpared in

sequence, an @Pé&ﬁes i34k \shdwahg iphysitan fddtess HPRANIvIENLS a6aTRBegRitered

results, inputting in
feature data of the verification object, a memory device that stores the
feature data sets that are extracted from the data showing the physical
features of the individual and the separate threshold value data sets that are
set according to the respective character data sets, and a data processing
device that extracts a plurality of feature data from the data showing the
physical featul;es of a plurality of individuals input by the input device during
registrafion, determines the feature data that is to be registered based on the
verification results between the plurality of feature data, calculates the
separate threshold values by verifying the feature data to be registered and
the pre-registered feature data and carrying out statistical proéessing on the
verification data, stores in the memory device the feature data to be
registered and the separate threshold value data, and at the same time
extracts feature data of the verification source from the data showing the
physical features of the individual input from the input device during

verification, reads from the memory device the pre-registered feature data of

the verification object based on the designated data, verifying the feature



advance the designated data (ID data) that specifies the indivi dié%négt%d”e
data of the verification object is unnecessary. According to the thi'ft

aspect of the invention, in -the personal identification nethod according
to the first and second aspects, because the separate threshold values are
set as the nedian score of the highest scqgre of the degree of resenbl ance
cal cul at ed when verifying the feature data extracted fromthe data show ng

t he physical features of..t he individual o _is the verification urce and
the hom. cor r a8 RHERS vaHAsEandomte FaNLE Preadeistire el bE o, ocore
di stribution which is expected to be obtainable for the feature data
extracted fragrdicationicbietionndgarhies omg the adentafieafien obthe individusglboged

who is the verification source, by producing the separate threshold val ues

for the regi shathedconepdtisen deddtslepdndicparate theshokl ddta.of the input data
show ng the physical features of the individual who is the wverification

source, 1115 POSSIHY feddingldpRilia ARKEIEH BAY ARoPiRCRERIARGR & 28

June 2004 51 the persona ntiftication itn line wt he score

O o Rl e e e s L e P SRR,

aspect of the invention, in the personal identification nmethod according

to the first ({Bdedghthdti specifigsethesindiaidaiat éeatune dabp of the verifiestionds val ues

are updated based on the verification results of
unnecessary.

In a personal identification apparatus having an input device that

inputs designated data that specifies data showing physical features of the
individual and pre-registered feature data of the verification object, a
memory device that stores the feature data setsthat are extracted from the
data showing the physical features of the individual and the separate
threshold value data sets that are set according to the respective character
data sets, and a data processing device that extracts a plurality of feature
data from the data showing the physical features of a plurality of individuals
input by the input device during registration, determines the feature data
that is to be registered based on the verification results between the plurality
of feature data, calculates the separate threshold values by verifying the
feature data to be registered and the pre-registered feature data and carrying
out statistical processing on the verification data, stores in the memory
device the feature data to be registered and the separate threshold value data,

and at the same time extracts feature data of the verification source from the

data showing the physical features of the individual input from the input



the feature data extracted fromthe data show ng the physical f tj%gao&{
the individual who is the verification source and the pre-registered

feature data, it is possible to set the separate threshold val ues when
carrying out personal identification at optimal values. According to the
fifth aspect of the invention, because of g personal identification nethod

that finds the verification result of feature data extracted from i nput

data show n ' features o he [,ndividual , who,js the .

vor t1cat on defo P ANERE Uorl AL SeBle ot VK ety dpviER R pis Frsictaredy
object, and identifies the individual by whether or not the degree of
simlarity odtatimedadp afithewerifiqation hicetdhnsed onctheederignateshdatat werifying
threshold value set to correspond to pre-registered feature data, and

wherein a seaharfasturehtstarudlthe welriffcatoncish@ts and dheipie-regigemd feduid@ita
calcul ates the separate threshold values based on the verification score

di stribution @kpb %riﬂc%@foaalr &39@@ gna&tame& oat fu&@ %éﬂ?@%&@ SO0 b6l

physi cal features of the ndi vi dual 0 i's the verification source and the

Foat ur o dat a RECERSE: G FPORTTIAE "eRhlLs SHNG FPaERES DHPERed) (4 @atiiccosiblene

I ndi vidual who is the verification 28 June 2004 52 source and the

non- cor r esportdiragerdecn araompinter reddablefmedivinoa wiogrin for mdalizidgathei s

possi ble even in the case that the quality of the input data show ng the

physi cal charfant@ohs bf tle pérdonl idelityfichittdn MParatut BRayY&itbfizedh Re data
processing device verifying the featui-e data of the verification source and the
pre-registered feature data of the verification source that has been read, and
updating the separate threshold value data based on the comparison result of
the separate threshold value data read from the memory device based on the
verification score showing the verification results and the designated data.

By reading a program recorded on a recording medium into a
computér system, it is possible to set the separate threshold value when
carrying out personal identification to an optical value.

In addition, it is possible to record on a computer readable medium a
program for realizing the functions of an personal identification apparatus
characterized in the separate threshold values being set to the median value
of the highest score of the degree of resemblance calculated when verifying
the feature data extracted from the data showing the physical features of the
individual who is the verification source and the non-corresponding data, and

the lowest score in the verification score distribution expected to be

obtainable for the feature data extracted from the data showing the physical



source is low and the verification score of the pre-registered f 5506’ ta
of the verification object is |ow According to the sixth aspect,” becausSe
of the data processing device that extracts a plurality of feature data
fromthe data showi ng the physical features of a plurality of individuals
i nput by the input device during registratjpn, determnes the feature data
that is to be registered based on the verification results between the
plurality of feature ta, ,calkcul ates the sepaj.ate threshold val ues by
verifying the{e?glﬁieﬁroﬂgﬁtlgdltvdéﬁg VL}‘BF% he gﬂngﬁﬁgmf‘ﬁ@u'p'?ee- registered feature
data and carrying out statistical processing on the verification data,
stores in the menorBy gesding a hrogram vecsrded antthiprecordigigsmediwmanto ahe
separate threshold value data, and at the sane tinme extracts feature data

of the verificaipwtersgstcae afnrdoéﬂe‘chﬁngat,ait&@@%éiﬁlet ﬂﬁcax@?)ﬁ%it%@i adceptayices of
the individual input fromthe input device during verification, reads from

the nmenory dey ; = | I , Jare. Lif A [.on.
obj cct based erR A0 55 PEEL At ART i Bnd Pith tHiRe L A reBheriftics
verification rce and jhe pre-registered feature data of the
verification 033}{83??“5& 33 9REEACteR from dhe dake FHPEARE She BERa] fatrvasfa
based on the conparison results of the separate threshold data,

i denti fi cati dhegespétive indlividiwds by prpdesingl sepavate thresheldoadees fatthiche
quality of the input data showi ng the physical characteristics of the

i ndi vi dual  Whisrelfegidieredfdaitusa da o4 déferdding otfife §dality of the input data

- showing the physical features of the individual who is the verification source.
According to the first aspect of the invention, because of this personal

identification method that finds the verification result of feature data
extracted from input data showing the physical features of the individual
who is the verification source and pre-registered feature data of the
verification object, and identifies the individual by whether or not the degree
of similérity obtained by the verification results exceeds a separate threshold
value set to correspond to pre-registered feature data, and wherein this
individual threshold value is calculated based on the verification score
distribution of the feature dai_:a extracted from the data showing the physical
features of the individual who is the verification source and the
corresponding feature data, and the verification score distribution ‘between
the feature data extracted from the data showing the physical féatures of the
individual who is the verification source and the non-corresponding
verification data., identification of the individual is possible even in the case

that the quality of the input data showing the physical characteristics of the



source is low and the verification score of the pre-registered fﬁ%ﬂég()@l@ta
of the verification object is low According to the seventh aspect,
because of the data processing device that extracts a plurality of feature
data fromthe data show ng the physical features of a plurality of

i ndi vidual s i nput by the input device durigpg registration, determ nes the
feature data that is to be registered based on the verification results

oot veen e SRARHIAL b SR VoAt SO b b e SRR ST

pre-registered feature data and carryi n%aout _statistical processing on the
veri fi cati onthapie-registered featnre detrefithesiarification oligetisdowata t o be
regi stered and the separate threshold value data, and at the sane tine

extracts feature d#e@opdinighte therdetbsdubpsctofthe envaatidn, Necdakathdiow ng t he
physi cal features of the individual input fromthe input device during

verificati onyefgrdsion RIEu6 (HRRh m%ed’e{t‘éee;&lf‘af&%!tf e%P@'dathsﬁ'g%?ﬂéﬁ gred

feature data of the verification object, verities 't eature data” of the

verification source_ ,and the,.read pre-reqgistered feature data of the
verificationP S}Cé@tf?a'i“a{e%PE &E‘hbmﬁﬁﬁjd‘éii%‘é%l Y%rgé%tl%%oweiafqd@iu Paer

score showing the verification results and the separate threshold data
cor r espondi ngegisteted feptere datasisdpunds anad the verifisationdcoreoshawimgntdeor y
device, and carries out the identification of the individual based on the

summat i on r esehifeationptdsulitaidith@RIat: thesHER GilkaThtdds dehbh iz t hat
specifies the individual feature data of the verification object is
UNNECESSArY. each type of pre-registered feature data are compared in sequence, and the

individual is identified based on this comparison results, inputting in

advance the designated data (ID data) that specifies the individual feature

data of the verification object is unnecessary.

According to the third aspect of the invention, in the personal
identification method according to the first and second aspects, because the
separaté threshold values are set as the median score of the highest score of
the degree of resemblance calculated when verifying the feature data
extracted from the data showing the physical features of the individual who
1s the verification source and the non-corresponding data, and the lowest
score in the verification score distribution which is expected to be obtainable
for the feature data extracted from the data showing the physical fc_eatures of
the individual who is the verification source, by producing the separate
threshold values for the registered feature data depending on thé quality of

the input data showing the physical features of the individual who is the

verification source, it is possible to carry out a determination of acceptance in



According to the eighth aspect of the invention, because of the %%uﬂgﬂgw
2004 54 personal identification apparatus according to the sixth aspéec
wherein the data processing device verifies the feature data of the
verification source and the read pre-registered feature data of the
verification object, and updates the sepagjate threshold val ue data based
on the conparison results of separate threshold data read fromthe nenory

devi ce based | £ i.on.se¢ore i ng the verifi. i resujts
and the des: SHapEitonal 30 iRRHGH 18 Hs R Rofe En it Slls ey
val ues when carrying out personal identificatjion at_optical_ values.

Accor di ng t o deke exiracked Eivar the dat showingthenhygeehiessurasoidbg geapective

t hreshol d val ues are set as the nedian score of the highest score of the
degree of resdividasiee cal cul ated when verifying the feature data extracted
fromthe data show ng the physical features of the individual who is the

verification sour %c@ﬂﬁnrgh:g tﬁ%%ﬁﬂﬁﬁsﬁ’%\%ﬁﬁ%ﬂg‘? ﬂ?&e"htitﬁﬂq%ttﬁs peP¥iSl] score

in the wverification score distri s expected to"be obtainable

for the featyre.data extracted fraomthe, data show ng.t.h hysi cal features
of the i nd JeRfic et Hicthn Frerl B o thh Hed PR iPT aBetly Tacaust
separate threshold values for the registered feature data depending on the
qual i ty of tlkbeispparatedhreshidwialiges ace ppdateddiasedan thasverifieatdon neulisefal
who is the verification source, it is possible to carry out a

det er m nat i oghefesage@aanextrdctéd€rom the data showing the physical features of the

individual who is the verification source and the pre-registered feature data,
it is possible to set the separate threshold values when carrying out personal
identification at optimal values.

According to the fifth aspect of the invention, because of a personal
identification method that finds the verification result of feature data
extracted from input data showing the physical features of the individual
who is the veri_ﬁcatioﬁ source and pre-registered feature data of the
verification object, and identifies the individual by whether or not the degree
of similarity obtained by the verification results exceeds a separate threshold
value set to correspond to pre-registered feature aata, and wherein a
separate threshold value calculation device is provided that calculates the
separate threshold values based on the verification score distribution of the
feature data extracted from the data showing the physical features of the
individual who is the verification source and the corresponding feature data,
and the verification score distribution of the feature data extracted from the

data showing the physical features of the individual who is the verification



personal identification in line with the score characteristics ojgjtqu 0
feature data extracted fromthe data show ng the physical features qu_ ?‘he
respective individuals. According to the tenth aspect of the invention,
because of a personal 28 June 2004 55 identification apparatus that finds
the verification result of feature data gstracted frominput data show ng
the physical features of the individual who is the verification source and

pre-register f eat u data of the .verification aQject, and i.dentifies the
P v dual  bgCurE i Buf BoBrtrpietonghitteaie ity AAbRGHERAGR sEHEDY | he
verification results exceeds a separate threshold value set to correspond
to pre-registedividralisnassitde gven il the caspthat therqualityl of thedrpnt detar ds a
program for realizing the features of the personal identification

appar at us haghoging $kpphetival bherdtobdstied sftheaindividiuiad & HieNi the velfdation
calculates this separate threshold val ue based on the verification score

di stributionggf.ddg 1? A Ehé’%ﬂglggﬁaﬂ%k&% 3 oy ]%/%%eg?%t%es&?e\gtﬂge 808, of

physi cal features o e 1 ndivVi wWho i's t l'on source and t he
correspondi ng feature datg, and.the verification score distribution between
the feature dAfXe Ie¢tdmIPTe data showing the physical features of
the individual who is the verification source and the non-corresponding
verification data. Adcdehingftodheisisthodspelt hevdise diithe dstppesiebsiagalesicd n
the case that the quality of the input data show ng the physical
charact eri st ithat 8ktrbbs a plurality of feature data from the data showing the physical
features of a plurality of individuals input by the input device during
" registration, determines the feature data that is to be registered based on the
verification results between the plurality of feature data, calculates the
separate threshold values by verifying the feature data to be registered and
the pre-registered feature data and carrying out statistical processing on the
verification data, stores in the memory device the feature data to be
registered and the separate threshold value data, and at the same time
extracts feature data of the verification source from the data showing the
physical features of the individual input from the input device during
verification, reads from the memory device the pre-registered feature data of
the verification object based on the designated data, verifying the feature
data of the verification source and the pre-i'egistered feature data of the
verification object, and carries out the identification of the individual based
on the comparison results of the separate threshold data, identification of the

individual is possible even in the case that the quality of the input data

showing the physical characteristics of the individual who is the verification



I ndi vidual who is the verification source is |low and the verif| *832@6 re
of the pre-registered feature data of the verification object IS

reading into a conputer systema programrecorded on this recording nedlum
and executing it. According to the eleventh aspect of the invention,
because of a conputer readable recordi ng $diumthat stores a programfor
realizing the functions of a personal identification apparatus having an

i nput devi ce ddigke 2@1@%«1&%@%‘-}% t{b%'éc%EiQS? dl%‘f}} dﬁ%&eﬁ@éﬁ er i Ctlfa'o‘ft‘s

data show ng phyS| cal features of I VI pre-regls

feature data t he.v ecrlfl bject, a nenory device that stores the
feature data % % rifcgtiop {;}sglé’t“’ed fromthe data showi ng the physical
features of the indivi duaI and the separate threshold value data sets that
are set accordi ng t&ceondingtmdu seventhaspettebecaimeafdbe slatapdoesdatgadevice
processi ng device that extracts a plurality of feature data fromthe data

showi ng the pihysiexstadteatpluesligf offeRtiedadayfrof tHdaa0dvwing thaWhyycdihe
i nput device duri ng regl stration, determ nes the feature data that is to

be reglstereokg f.@[ﬂg |ty of
feature data, ca cu I at éﬁ%ﬁ]ﬁ%g%g@ﬁe tf%’ @éﬁ%%iﬁ% g the
feature data to. S?\:F é ﬁ atered angl?l pre-redgi stered feature data and
carrying outregisiraudpp detesmipes the, a(thrq flata, thatiis dg biegietriered kasadeen the
the nenory device the feature data to be registered and the separate
threshol d val vegifgeatign results between the plurality of feature data, calculates the
separate threshold values by verifying the feature data to be registered and
the pre-registered feature data and carrying out statistical processing on the
verification data, stores in the memory device the feature data to be
registered and the separate threshold value data, and at the same time
extracts feature data of the verification source from the data showing the
physical features of the individual input from the input device during
verification, reads from the memory device in sequence all pre-registered
feature data of the verification object, verifies the feature data of the
verification source and the read pre-registered feature data of the verification
object, totals the comparison results of the verification score showing the
verification results and the separate threshold data corresponding to the
pre-registered feature data read from the memory device, and carries out the
identification of the individual based on the summation results, inputting in
advance the designated data (ID data) that specifies the individual feature

data of the verification object is unnecessary.

According to the eighth aspect of the invention, because of the



and at the sanme tine extracts feature data of the verification %ujrcg h@gm
the data show ng the physical features of the individual input fr ?

i nput device during verification, reads fromthe nmenory device the
pre-registered feature data of the verification object based on the
designated data, verifying the feature de4a of the verification source and
the pre-registered feature data of the verification object, and carries

out the identj.f.i s indi.vi ' : t i ts
of the separ ?teté.é rlelgﬁgﬁ?cégls a #ggééﬁ@rﬁcp E@%%eyﬁ%%}flg%&%as e‘%eé‘ﬁ%# e
verificati onquagores show Hg i he Vﬁfgf klc fion sAf'esul t and,ﬂ&?he‘ desi gnat e
data, identi f43taMrEresSEng AEViCR yeilipg dheileaimedaipof tho verification soaee aRg:
the-quality of the input data showi ng the physical 28 June 2004 57

char act er i st iths refdtpve-liegiiiteradlfrlatwreod atm efhthevamnificatadn objestameupdateow and
the wverification score of the pre-registered feature data of the

verification tfBjsephrateStiro¥hdld vada6idath bAs& 8n TRERYER aribel ¥ B sRIFO9r am
recorded on this "recording medi umand executing it. "According to the

readabl e medrthRg e RNAR AR o3RS oRampEREY RonEediited cioonal

i dentification gpparatus having an input device that inputs designated

data that spoerfiedionseresbaving prseerticationraselss gndt dqsignaﬁp&@taaﬁd

pre-registered feature data of the verification object, a mnenory device

that stores tibpobsblatescathe sphsatchidirealisiderdltues wdbnf ¢aafyinieout personal
identification at optical values.

According to the ninth aspect of the invention, because the separate
threshold values are set as the median score of the highest score of the degree
of resemblance calculated when verifying the feature data extracted from the
data showing the physical features of the individual who is the verification
source and the non-corresponding data, and the lowest score in the
verification score distribution which is expected to be obtainable for the
feature data extracted from the data showing the physical features of the
individual who is the verification source, by producing the separate threshold
values for the registered feature data depending on the quality of the input
data showing the physical features of the individual who is the verification
source, it is possible to carry out a determination of acceptance in the
personal identification in line with the score characteristics of the feature
data extracted from the data showing the physical features of the respective
individuéls.

According to the tenth aspect of the invention, because of a personal



data showi ng the physical features of the individual and the Se%ﬁ%}quom
threshol d value data sets that are set according to the respecti‘ve
character data sets, and a data processing device that extracts a
plurality of feature data fromthe data show ng the physical features of a
plurality of individuals input by the inpd device during registration,
determ nes the feature data that is to be registered based on the

verification jieatificatdaldipFaths (R Lfials te vofifkeabY @sa%%feba%k& ghtes the

Iy
separate threshold values by verifying the feature data to be registered

and the pre-reqi I f eat ur ata and rryin ut statisti.cgl .
processi ng one%gk%&\gg&?%lclgﬂ%ﬁa %tgg?wé?%%% p%ﬁsﬁ%?q%%wf %‘Q\Waév@ﬁél
feature data tp be registered and the separate threshold value data, and
at the same tWhe lekhe Xerificptignsouremand premrgisiened featireatatamfitbe from t he
data showi ng the physical features of the individual input fromthe input

devi ce duri ngverdfi¢dticmmbbjent, amebifenitifivy tHecndévidayl Bewittheher poethedegisy ed
28 June 2004 58 feature data of the verification object based on the

desi gnat ed dajindBRidYdRdindd "By ftﬁ?%%!ﬁﬁcﬁﬁbﬁ ﬁgg{tg %xgg%isle g(%;dg'%ge SRMHB1RNd

the pre-registered feadture data o e verification objec carries

out the identification of the |ndividual bgsed on {he congparison results
of the separafdUf ﬁ’Pég‘h S?Heﬁﬁ(fréé t?)?"‘?'é%@?%}'eaifgi‘wré ﬁ'pﬂﬂflgl% PR RS 3

program recorded on this recordi ng medium and executing it inputting in

advance t he deaidghla BediamarecpBlsiapapgramatiospediding she fértuireslvf/ildupérsonal

feature data of the verification object is unnecessary.
identification apparatus having a separate threshold value calculation device
that calculates this separate threshold value based on the verification score
distribution of the feature data extracted from the data showing the physical
features of the individual who is the verification source and the
corresponding feature data, and the verification score distribution between
the feature data extracted from the data showing the physical features of the
individual who is the verification source and the non-corresponding
verification data., identification of the individual is possible even in the case
that the quality of the input data showing the physical characteristics of the
individual who is thé verification source is low and the verification score of
the pre-registered feature data of the verification object is low by reading into
a computer system a program recorded on this recording medium and
executing it. |

According to the eleventh aspect of the invention, because of a

computer readable recording medium that stores a program for realizing the

functions of a personal identification apparatus having an input device that



According to the thirteenth aspect of the invention, because of ;%g%nezo A
personal identification apparatus according to the sixth aspect "havi ng %
conput er readable recording nmediumstoring a programfor realizing the
functions of the personal identification apparatus, wherein the data
processi ng device verifies the feature datsg of the verification source and
the pre-registered feature data of the verification object, and updates

the separat e val ta ba the results of onpard son of
the verit carbdf diphatt Ao 0mR oBEGREe Mhip MBaWFEL phaah BoERC LR o
threshold val ,e,gata read fromthe nenory_device based on the designated
data, it is 15@% wiland preregintered faatire datrafitbe yevificationtabjeqsi pnal

val ues when carrying out personal identification by reading the program
stored on thenemory devige thetistures bhe fea ttioadut £ seyidist Mre artr X6t Gton Ghe t .
According to the fourteenth aspect, because of a conputer readable

di . . |4 Z:0 ' f
recordi ng mediumshBRinS tRE pRysichl RAtARS & %f{?%d&@lﬁﬂal LAg thy %%glrlgg]%ao a

personal identification apparatus ereln e separate thresh | ues .are
set to the I a | ue of the highest score of. the degree of simlarity 28
June. 2004 50 ertolEvafdaate SreP ASF Rte BHAoRtineloABE TRk potues SRATARHAR ot a
showi ng physical features of the individual who is the verijification source
and the nondeér setpond ndatepragessingtdeviemhatiaxtranie ot plaeality phfeniare

verification score distribution expected to be obtainable for the feature
dat a extract éath fomtthe data showing the physical features of a plurality of individuals

input by the input device during registration, determines the feature data
_that 1s to be registered based on the verification results between the plurality
of feature data, calculates the separate threshold values by verifying the
feature data to be registered and the pre-registered feature data and carrying
out statistical processing on the verification data, stores in the memory
device the feature data to be registered and the separate threshold value data,
and at the same time extracts feature data of the verification source from the
data showing the physical features of the individual input from the input
device during verification, reads from the memory device the pre-registered
feature data of the verification object based on the designated data, verifying
the feature data of the verification source and the pre-registered feature data
of the verification object, and carries out the identification of the individual
based on the comparison results of the separate threshold data read from the
memory device based on the verification scores showing the verification
results and the designated data, identification of the individual is possible

even in the case that the quality of the input data showing the physical



data showi ng the physical features of the individual who is the 28 June 2004
verification source, it is possible to carry out a determ nation of
acceptance in the personal identification in line with the score
characteristics of the feature data extracted fromthe data show ng the
physi cal features of the respective indivstuals by producing separate
threshol d values for pre-registered feature data according to the quality

of the data s{ipwiapgeridifes 'b(iﬁli#iﬁﬁﬁl’{}v% i8fthb Reri 'cagiio# Ludbe %ﬂ%n%g?um

verification source by reading the programstored on the rec

into a conputer .system and cuting it. June 2004 G_Alég 1. i

per sonal idenY‘?rFﬁ%agﬂ?rbﬁC%tq%g e@&ﬁﬁ%ﬂ%ﬁtﬁ’&%ﬁ%‘%‘ﬁ% tao‘?t?t i ¥ tpn éo]ect
verification result of feature data extracted frominput data show ng the
physi cal featisrlew i readingdntae dwampiter systeny emirbgramirecosiedraretlsind pr e-
regi stered feature data of the verification object, and identifying the

i ndi vi dual byresbedingrmediviftardl ée@uemeoit. simlarity obtained by the
verification results exceeds separate threshold val ues set to correspond to

ri fi cati on hr esh or  es}
ire ol cul ot od bashd aa (AR AR EuABE P RRRRI S EROCL PR,

data extracted fromthe da showi_ng the physical features of the
ndli vi dual WP PEOFHRIES EpRYablR MR ¢ R LHeR 6reakpedinedunstions of gat a,

and the verificati on score distribution between said feature data
extracted fropensheadbleatiflrasiomgapperaphy biavahg an input device that inputs

designated data that specifies data showing physical features of the
individual and pre-registered feature data of the verification object, a
memory device that stores the feature data sets that are extracted from the
data showing the physical features of the individual and the separate
threshold value data sets that are set according to the respective character
data sets, and a data processing device that extracts a plurality of feature
data from the data showing the physical features of a plurality of individuals
input by the input device during registration, determines the feature data
that is to be registered based on the verification results between the plurality
of feature data, calculates the separate threshold values by verifying the
feature data to be registered and the pre-registered feature data and carrying
out statistical processing on the verification data, stores in the memory
device the feature data to be registered and the separate threshold value data,
and at the same time extracts feature data of the verification source from the
data showing the physical features of the individual input from the input

device during verification, reads from the memory device the pre-registered



features of the individual who is the verification source and 5¢ pue2004
non-correspondi ng verification data, and wherein said separate thres o?d
val ues are set at the nedian value of the highest score of the degree of
resenbl ance cal cul ated when verifying said feature data extracted fromthe
data showi ng the physical features of the 88dividual who is the
verification source and the non-corresponding data, and the | owest score in

the verificagbhfireSERhrhe Wetkifithtdn aﬁg&&mds%dweféﬁ%igﬁ Ra shLaLBRRGf O

. a I
said feature data extracted fromthe data show ng t ysical teat reg of

t he individu 0,15 ;the rification source. June 2004 61.2. A
personal i de&#’]e}&‘fg%‘é ”Podr?t?réif\rﬁﬁa V&E@P&‘ioﬁgs%c%ﬁafl%ﬁf ,prmégje‘ﬁ%?rr eatutedatant o
threshol d val ues are updated based on the verification results of the

feat ure dat a ofthe yerdwationrahieas, dadaasresiony the édgxtificatiin é&tttanmskviciual he

i ndi.vidual who is the verification source and the pre-registered feature

data. 3. A pdrasedahn fleewinpidsdn sesudppel telsepo@aty tHikeBBoldad el bfireadimn
result finding device for finding a verification result of feature data

T ot B baT ARUARER <P 0 AGBBYAh SRLOLERAIM Big Hadtihf BhediHlHhnlle. | o

the verification source and pre- e verrtication
object; a separate threshold value identifying deyice f | dent.i fying. the

i ndi vi dual Weﬁm{lﬁé{ Iputime %%gw&reefteﬁe e%ﬁ?ﬁtﬁérdatt?f i tasthafysnegifies
verification results exceeds separate threshold values set to correspond
to pre-regi sttbeeddivddual featiarenglata of the verification object is unnecessary.

According to the thirteenth aspect of the invention, because of the
personal identification apparatus ac;cording to the sixth aspect having a
computer readable recording medium storing a program for realizing the
functions of the personal identification apparatus, wherein the data
processing device verifies the feature data of the verification source and the
pre-registered feature data of the verification object, and updates the
separate threshold value data based on the results of a comparison of the
verification score showing the verification results and the separate threshold
value data read from the memory device based on the designated data, it is
possible to set the separate threshold values to optimal values whén carrying
out personal identification by reading the program stored on the recording
medium into a computer system, and executing it.

According to the fourteenth aspect, because of a computer readable
recording medium that stores a program for realizing the functions of a
personal identification apparatus wherein the separate threshold values are

set to the median value of the highest score of the degree of similarity



and a separate threshold value cal culation device for calcul ating ggaLd, 4
separate threshold val ues based on a verification score dlstrlbutlon o?
said feature data extracted fromthe data showi ng said physical features
of the individual who is the verification source and the correspondi ng
feature data, and the verification score ®stribution of the feature data
extracted fromsaid data show ng the physical features of the individual

who is the Veé}&ti'a&éﬂlv@]‘ﬂeﬁ%fl‘fﬁn%%etféﬁtmrﬂ&%ré}&%ﬁ@@ﬁtﬁn cta%ats%anﬂgt a,
wherein said separate threshold values are set at a nedian val ue of

fearure 26 M0 So0sea st hEXFERGBMAEYER S e hErneaRBni Rl e %ﬁ@gi cal

features of the individual who is _the verification source and
non- cor r esporfiTHECFAFRONERG Igatwitedatas eaddhedowaptiscoyenn the serdivasionrssore
distribution which is expected to be obtainable for said feature data

extracted frodisthibutiah@xpboteidng hdebiplinsbledbr thafentase dhtd betvantid/frduathavho
is the verification source. 4. A personal i denti fication apparatus

conpri si ng: a&hﬂarﬁquﬂk%Vﬂh%epﬁs%&cmeaﬂdﬂeQ f‘i'ﬁé'l &@p héid B veh gét;lbﬁs

data showi ng physical “features an I n I vi dua re-registere eature
data of the verification gf) ect ; rlrlgrm(iél devi ce hag feature data
nenory unit fEMEEIFitHEFH a‘fatf?:% ouf g detepping fian oL RECEDARCE IS [ om t he
data showi ng physical_ features of the
personal identification in line with the score charactenstlcs of the feature
data extracted from the data showing the physical features of the respective
individuals by producing separate threshold values for pre-registered feature
data according to the quality of the data showing the physical features of the

individual who is the verification source by reading the program stored on the

recording medium into a computer system and executing it.



i ndi vidual and a threshold value data nenory unit for storing separate
threshold value data sets that are set according to the respecBVendZHd¥ur e
data sets; and a data processing device having a feature extracti on neans
for extracting a plurality of feature data fromthe i nput data show ng
physical features of a plurality of indiygpduals input by said input device
during registration, a registered features selection neans that determ nes
feature data that is to be registered based on verification results
between the plurality of feature data, é I ol d cal culating neans which
cal cul ates separate threshol d val ues by ying the feature data to be
regi stered agai nst pre-registered feature data and carrying out statistical
processing on the verification data, said data processing device storing in
the 28 June 2004 63 feature data nenory unit of said nenory device said

feature datalto ba peegirsl adeptification siethodgomprising thbsasphefd val ue data
menory unit the separate threshold value data; said data processing device

veri T cati on Sour IAPECh, PRIAGERR rREHS REAP do PR Bt it M ng

t he physical features of the individual input fromthe input device during
veri fi cati onshoyving dee physden dedfuresrofi anainidividwal amko itha verifieatitn souses aud pre-
t hreshol d value data nenory unit of the menory device the pre-registered

feature datggpferclgemard ddig afidpnvabii@tiontssed, afd sai d designated data,
said verification neans and said acceptancé determ nati on neans verifies

the feature data of kRe. Yol Ll4calloh SANSS S92 Shgal drligiisd sighe
by the verification results exceeds separate threshold values set to correspond to
said pre-registered feature data, wherein said separate threshold values are
calculated based on a verification score distribution of said feature data extracted
from the data showing the physical features of the individual who is the
verification source and corresponding feature data, and the verification score
distribution between said feature data extracted from the data showing the physical
features of the individual who is the verification source and non-corresponding
verification data,
and wherein said separate threshold values are set at the median value of the
highest score of the degree of resemblance calculated when verifying said feature
data extracted from the data showing the physical features of the individual who is
the verification source and the non-corresponding data, and the lowest score in the
verification score distribution which is expected to be obtainable for said feature

data extracted from the data showing the physical features of the individual who is

the verification source.



object, identification of the individual being based on conparison results
of separate threshold data read from said nenory devi ce based &R Jemd 2D04
verification score showing verification results and said desi gnated dat a.
5. A personal identification apparatus conprising: an input device that

i nputs designated data that specifies datgjshowing physical features of an
i ndividual; a nenory device having a feature data nenory unit that stores
feature data sets that are extracted frominput data showi ng the physical
features of the individual and a threshold value data unit that stores
separate threshold value data sets that are set according to said
respective character data sets; and 28 June 2004 64 a data processing

devi ce havi ng a fAatpersonektidentificatione amsthédramordiagt tngelaim pl,umdierein ofid
feature data fromthe input data show ng physical features of a plurality

of i ndi vi dUaéﬁ)a:td’t@%&Ylold“i‘/ahfb@%redrﬁ;?!&ﬁ@d BHED D §6E SJe‘i'ﬁTad;[aﬂBn &sﬁ%&éi(ﬁt fileed

features seleCtion neans that deternines feature data t is to

regi stered based verification results betyween said.plurality of feature
Gata. ¢ hr eshisetite et Ptacil founihe' B34 b g the iy SCablies ok Rgridasl
val ues by verifying the feature data to be registered and pre-registered

f eat ure dat awhods ther verificationtsoatcet it the pirepegistess] fegtura dasai d verification
data, said data processing device storing in the feature data nenory unit
of the menory device said feature data to be registered and storing in the

threshol d value data nenory unit said separate threshold value data; said

dat a . . . ..
3. A personal identification apparatus comprising:

a verification result finding device for finding a verification result of feature
data extracted from input data showing physical features of an individual who is
the verification source and pre-registered feature data of the verification object;

a separate threshold value identifying device for identifying the individual
by whether or not the degree of similarity obtained by the verification results
exceeds separate threshold values set to correspond to pre-registered feature data;
and

a separate threshold value calculation device for calculating said separate
threshold values based on a verification score distribution of said feature data
extracted from the data showing said physical features of the individual who is the
verification source and the corresponding feature data, and the verification score
distribution of the feature data extracted from said data showing the physical
features of the individual who is the verification source and the non-corresponding
feature data, wherein said separate threshold values are set at a median value of a

highest score of a degree of resemblance calculated when verifying said feature



processi ng device further having verification nmeans for extracting feature
data of the verification source fromthe data in said feature d&theeditdry
unit showi ng the physical features of the individual input fromthe input
device during verification, acceptance determ nation nmeans which reads
fromsaid threshold value data menory ungh of the nmenory device in
sequence pre-registered feature data of the verification object, said
verification neans and said acceptance determ nation neans verifies said

feature data e v urce an ead pres r.eis ered .
feature da 208p cefiEcttromatt 8% SVIEE RERw P Bt fahe citivibiRl Whadscr
sums the conparison results of said verification score show ng the

- verificati ontheeserifieationdsauice andpaomcerrespasting datiatandc orlovssondimgint saitihe
pre- registered feature data read fromthe menory device, identification of

the indivi dpadfilRiondsdoss abtQPutifie wHien®! & di:&ﬂﬂ be -obindbieerof A &%a ° A

personal identification apparatus according to claim4 wherein said

processi ng d vice, fur cl,ude maan ifies id e dat a
bt “the ver | Tt sxiraped e 4P gaieroovang o prsien) Terurecot B cudE il SHorist ne
verification object, and updates said separate threshold val ue data store
in said thretheoledificatior soutzea menory unit based on the conparison results
of separate threshold data read fromthe nmenory device based on said
verification score showing the verification results and said designated
data. 7. A conputer readable recording nediumthat stores a programthat

can realize . . . -
4. A personal identification apparatus comprising;

an input device for inputting designated data that specifies data showing
physical features of an individual and pre-registered feature data of the verification
object;

a memory device having a feature data memory unit for storing the feature
data sets that are exftracted from the data showing physical features of the
individual and a thresholcl value data memory unit for storing separate threshold
value data sets that are set according to the respective feature data sets; and

a data processing device having a feature extraction means for extracting a
plurality of feature data from the input data showing physical features of a
plurality of individuals input by said input device during registration, a registered
features selection means that determines feature data that is to be registered based
on verification results between the plurality of feature data, threshold calculating
means which calculates separate threshold values by verifying the feature data to
be registered against pre-registered feature data and carrying out statistical

processing on the verification data, said data processing device storing in the



the functions of a personal identification apparatus that finds a
verification result of feature data extracted frominput data ghdwe{0d
physi cal features of an individual who is the verification source and
pre-registered feature data of the wverification object, and identifies the
i ndi vi dual by whether or not a degree of ggimlarity obtained by the
verification results exceeds a separate threshold value set to correspond
to pre-registered feature data, and wherein said individual threshold

{eatur e oat i aur cerbarram R R4 RGBTSR Sl R UhiaB RLacit e,

i ndividual who is the verification source and the corresponding feature
data, and thend glering wathe shreshelde valug tdatd eanaerybanitutlen separater thzashold yalug
extracted fromthe data showi ng the physical features of the individual

who is the v@ithf saidtdath peoueksifg Aedice! MLthep hatiip RSPRRMIONINESRTY frCaltiRfing
data, and wherein said separate threshold values are set at the nedi an
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cal cul at ed wikahHo gt T G ab it SROEE fom B HER: BESF GRetHE Sali Hioati ng
the physical features of the individual who is the verification source and

t he non- corvuwssbowing ttaphysiealdfeatieed ofidbe individual inputefromr thiei ingut devieceor e
distribution which is expected to be obtainable for said feature data
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who is the verification source. 8. A personal identification nmetho

accordi ng to,cl ai 1,. wherein said se ate threshol d val ues Ts ar
cal cul at gd ai;bhres%om valud tata memory unit B te memory device the pre-reglsterede feature

data of the verification object based on said designated data, said verification
means and said acceptance determination means verifies the feature data of the
verification source against said pre-registered feature data of the verification
object, identification of the individual being based on comparison results of
separate threshold data read from said memory device based on said verification

score showing verification results and said designated data.

5. A personal identification apparatus comprising:

an input device that inputs designated data that specifies data showing
physical features of an individual;

a memory device having a feature data memory unit that stores feature data
sets that are extracted from input data showing the physical features of the
individual and a threshold value data unit that stores separate threshold value data

sets that are set according to said respective character data sets; and



Si - k6, - T, (N 2 where Si is an average value of the verification score
of the corresponding feature data, 6, is the standard devi ati o@8 dfnet 294
verification score of the corresponding feature data, k is a variance
paranmeter, and t, is the highest value of the verification score of
non-correspondi ng feature data. 9. A persgpal identification nmethod
according to claim2, wherein the nean value Si and dispersion r, of the
verification score are updated by the following calculations - nS; + S S
re-reqister dﬁeMUre
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claim3, wherein said separate threshold values Ts are calculated as T,
=tf(N)+ Si -RlgralityTo{ Npatuge datsy dr@n the inpudvdatagehomangepbysicdlefaadmies i efami on
score of the corresponding feature
plurality of individuals input by the input device during registration, a registered
features selection means that determines feature data that is to be registered based
on verification results between said plurality of feature data, threshold calculating
means for calculating separate threshold values by verifying the feature data to be
registered and pre-registered feature data and carrying out statistical processing on
said verification data, said data processing device storing in the feature data
memory unit of the memory device said feature data to be registered and storing in
the threshold value data memory unit said separate threshold value data; said data
processing device further having verification means for extracting feature data of
the verification source from the data in said feature data memory unit showing the
physical features of the individual input from the input device during verification,
acceptance determination means which reads from said threshold value data
memory unit of the memory device in sequence pre-registered feature data of the
verification object, said verification means and said acceptance determination
means verifies said feature data of the verification source and said read pre-
registered feature data of the verification object, and result summation means
which sums the comparison results of said verification score showing the
verification results and said separate threshold data corresponding to the pre-

registered feature data read from the memory device, identification of the

individual being based on the summation results.



data, o is the standard deviation of the verification score of the

correspondi ng

feature data, k is a variance paraneter, and t, 28 Jume2004

hi ghest val ue of the verification score of non-corresponding feature data.

11. A personal

i dentification apparatus according to claim 10, wherein said

separate threshold val ues are updated basgg on the verification results of
the feature data extracted fromthe data showi ng the physical features of

the individ
feature dat
11, wherein
are updated

ual who is the verification source and the preregistered
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by the following calculations Si = nSi + S and n+l (n -1)a +
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13. A computer readabl e recording nmedium according to claim?7, wherein said

separate th

(N) +
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object, and updates said separate threshold value data store in said threshold value
data memory unit based on the comparison results of separate threshold data read
from the memory device based on said verification score showing the verification

results and said designated data.

7. A computer readable recording medium that stores a program that can realize
the functions of a personal identification apparatus that finds a verification result
of feature data extracted from input data showing a physical features of an
individual who is the verification source and pre-registered feature data of the
verification object, and identifies the individual by whether or not a degree of
similarity obtained by the verification results exceeds a separate threshold value
set to correspond to pre-registered feature data, and wherein said individual
threshold value is calculated based on a verification score distribution of said
feature data extracted from the data showing the physical features of the individual
who is the verification source and the corresponding feature data, and the
verification score distribution between said feature data extracted from the data
showing the physical features of the individual who is the verification source and
the non-corresponding verification data, and wherein said separate threshold

values are set at the median value of the highest score of the degree of resemblance



2 where Si is an average value of the verification score of the
correspondi ng feature data, al is the standard deviation of th&8June2004
verification score of the corresponding feature data, k is a variance
paranmeter and t; is the highest value of the verification score of
non-correspondi ng feature data. 14. A conggter readable recording nmedi um
according to claim 13, wherein said separate threshold val ues are updated
based on the verification results of the feature data extracted fromthe
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readabl e recordi ng medi um according to claim 14, wherein the nean val ue Si
and di sper si physigalofeatures wérthe iindividinl sebe ds dhe vastfamagignbsourer and| thewony
calculations nS; + S S; = and n+l (n-1)a+(S, -S;)2 r n where SSis

pre-regi st er gétrésponding datad-and MSIdW&st score in the verification score distribution

which is expected to be obtainable for said feature data extracted from the data

showing the physical features of the individual who is the verification source.

8. A personal identification method according to claim 1, wherein said separate

threshold values T are calculated as

T.s':ti(]v) + 5

i —ko, —T,(N)
2

where S, is an average value of the verification score of the corresponding feature
data, o; is the standard deviation of the verification score of the corresponding
feature data, £ is a variance parameter, and ¢; is the highest value of the verification

score of non-corresponding feature data.

9. A personal identification method according to claim 2, wherein the mean value

S, and dispersion o; of the verification score are updated by the following

calculations

— n§:+SC
S.=—
! n+l

and

L (n=Do+(S, - Si)?

i

n

where S, is pre-registered feature data.



Personal Identification Method, Personal ldentification Apparatus, and
Recordi ng Medi um The present invention relates to inproving the28June2004
identification rate for a person wthout [owering the rate of excluding
anot her person probabilistically. The invention is a personal
identification systemthat finds the verigycation results of feature data
extracted fromdata show ng physical features of the individual who is the
verification source against pre-registered feature data of the verification
object, and identifies the individual by whether or not the degree of
simlarity obtained by the verification results exceeds a separate
threshol d val ue set according to pre- registered feature data. A separate

t hreshol d valQeA parsonrhidestifigetion apgaratusiasconsing taieldim Fatwhentiowaid ssparate
separate threshold val ue based on the verification score distribution of
feature dat atheashoREVSHed TOMAR culaedWsNg physical features of the
verification source and corresponding feature data, and the verification
score distribution of the feature data extracted from data show ng

physi cal features of the verifiﬁq;A@@y§éhrU%ﬁanﬂ(ﬁ%n-corresponding feature
data. Fig.1 P 2

where S; is an average value of the verification score of the corresponding feature
data, o; is the standard deviation of the verification score of the corresponding
feature data, £ is a variance parameter, and ¢; is the highest value of the verification

score of non-corresponding feature data.

11. A personal identification apparatus according to claim 10, wherein said
separate threshold values are updated based on the verification results of the
feature data extracted from the data showing the physical features of the individual

who is the verification source and the preregistered feature data.

12. A personal identification apparatus according to claim 11, wherein the mean
value S, and dispersion o; of the verification score are updated by the following
calculations

_ n§f+Sc
n+l

S and

_(n=Do+(S, - S:)?
g;=
n

where S, is pre-registered feature data.
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13. A computer readable recording medium according to claim 7, wherein said

separate threshold values Ts are calculated as

7, =1, + 2

i —ko, —T,(N)
2

where S, is an average value of the verification score of the corresponding feature
data, o; is the standard deviation of the verification score of the corresponding
feature data, & is a variance parameter and ¢; is the highest value of the verification

score of non-corresponding feature data.

14. A computer readable recording medium according to claim 13, wherein said
separate threshold values are updated based on the verification results of the
feature data extracted from the data showing the physical features of the individual

who is the verification source and the preregistered feature data.

15. A computer readable recording medium according to claim 14, wherein the
mean value S, and dispersion o; of the verification score are updated by the
following calculations

_n§;+SC
o+l

E: and

;. _(n=Do+ (S, ~8;)?

i

n

where S, is pre-registered feature data.
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Abstract

Personal Identification Method, Personal Identification

Apparatus, and Recording Medium

The present invention relates to improving the 1dentification rate for a person
without lowering the rate of excluding another person probabilistically. The
invention is a personal identification system that finds the verification results of
feature data extracted from data showing physical features of the individual who is
the verification source against pre-registered feature data of the verification object,
and identifies the individual by whether or not the degree of similarity obtained by
the verification results exceeds a separate threshold value set according to pre-
registered feature data. A separate threshold value calculation device (23)-is
provided that calculates the separate threshold value based on the verification score
distribution of feature data extracted from data showing physical features of the
verification source and corresponding feature data, and the verification score
distribution of the feature data extracted from data showing physical features of the

verification source and non-corresponding feature data.

Fig.1



