;edettt”) &6T AN 0 MAR 2002 TWO STAGE LOCAL AND GLOBAL FI NGERPRI NT
MATCHI NG TE%NJW‘WWWTED FI NGERPRI NT VERI FI CATI ON/ | DENTI FI TMARSZUUZ
BACKGROUND OF This inventionirelates to a nethod, a e, a
conput er readabl e midisaam and a conput er program el ement for matching
fingerprints. 10 The word "fingerprint” is herein used as a representative
of a finger IWOHSTAGE: 1OWRL paliD cGIOBAL f FONGERPRDNE MATCHINGaTEZHNIREE FOR
fingerprint may be,@fgcms Ffﬁéﬂzglﬁmx@rp@é PECRTTOR/1BENRTEREATS O
soleprint, a squanous pattern, and a streaked pattern conposed of
streaks. The fingerprint nmay al so be a diagramdrawn by a skilled person to
represent a faint fingerprint which is, for exanple, left at the scene of a
crime. The "matching"” is for jdentification of a fingerprint with 20
referenée to a plurality of W?%q@e%%eﬂi?nﬁ%ngﬁ? . The matching nay
al so be for discrimnation, collation, and/or verification of the
fingerprint, .n the foll ow the fingerprint which.is to be recognized is
25 cal | ed gm%lesarl(fhvﬁ‘rlltr%goe'} priHttea &1 &t g?fﬁ%%ér%r?ﬁ”ﬁﬁ ch FngBﬁﬁgr ed with
sai d sear chrdadegerepmeadiuns aad | 2domgferencerégnger piement USob m38cB4ng
descri bes afi’%té'kgﬁj:ﬁ{’cds an apparatus for 30 fingerprint characterization and
recogni tion using an auto correl ation approach. A fingerprint inage is
capturéd and a binary imge of said fingerprint image is detern ned.

Furt her mor eyp S gk dDi @My d gt s {£Md £l e0as SR Hs r8PLLSRb8nPY LI df0]
said binary imge and an autocorrel ati onégatt_ern 35 having a di SE| acenent
modul us eqUHIRGSFRE QY chat L arRa e thee eI figHPFe nearhierlprdYe
spaci ng anda disRieaqamad nvegtsy dotadtehl i Dughr 2 ¥esiDh BFOHOENL tBe

i ncrenental_steps is gener.at.ed. 2 0 MAR 2t002 2 US 5 493 62% gi scggses
an appr oacP o et P E G5 gEr pra MRS (A a Jrdph. SWERAKEEr PRSFRED s
the m hbit i acorgarsest d st mwerker . ThHe siindrgmcinipanay abkso Hea sedéagyedmfrom

t he nearest j Nt t i nt, | d o} ub s
sub- branch dﬁ(%lq’}n sbylt(n% igr!{glrlerﬁge:% %e%ods atnécg? 081 T on%?%%?%t#%ﬁé??%%% ween
each branchwhgsimtiswi then mxamzsher Jwithtatardhe hecend-efiba beaieé. poi nts in
each quadrant are recorded as well as the nunber of branch points. These
data are subsequently used for matching. 10 In US 4 896 363 a di stance
spect rum i FhfsedHtSHMNgerprigt HahihEatirs s aefhegerprset ¥ithoints
repr esgpt atiese refndeha chanacte sty o f aatahesrofe eddH0LI G PAbriABES BRd a
set of points representative of the characteristic fqﬁiures of a %2
reference MREGE % et dRD&E §X%s GRS RS e et F HET i n2RREOEet  of
poi nts, a spedifiwatdfornyalfuehd epimesaniting L he di stances between the point
and each other point in the set of points is calculated. 20 US 4 790 564
describes a nethod in which at | east one search print mnutia is replicated
by varyi ng Iat theastoldreviofy,i tthe donmdjeargiesofwhiodationtance angtegni hedeby

obt ai niag I t i .ig&a}_l d nut i ' is; di f saj.d

sear ché%ri %Ealr%%gitsjtal %%%nlacg? ﬁ{le t po]{?er{]&cj):f Pgal %%%r d]frﬁl{%%%gfﬁ’g‘[él vggggﬂér g% 25

print m nutdodpag esoipdied adghisearathd mgrnpabfipreakbiet cdeférenpeint s.
fingerprint.

US 5 633 947 describes a method and an apparatus for

30 fingerprint characterization and recognition using an auto
correlation approach. A fingerprint image is captured and a
binary image of said fingerprint image 1is determined.
Furthermore, said binary image is replicated. Said replica is
overlaid on said binary image and an autocorrelation pattern

35 having a displacement modulus equal to a fractional part of
the mean fingerprint inter-ridge spacing and a displacement
vector rotated through a vector argument in incremental steps

is gencrated.
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In US 4 |35 147 nmeans responsive to mnutiae of first and second
for selectively generating a plurality of sets 30 of neighborhood??i%xhp?ZDOZ
conpari son signals representative of thezcloseness of match and coordi nate
and orientation displacenents between m nuti ae nei ghborhoods of the first

and second patterns are described. Each set of nei ghborhood conpari son
signal s coapbi 463 é2imtichcicars and appsocict et I tedoradi fiatgegudint by
orientation,displace Lgnal s._r ecti.vel y representative of the

cl osenesss%Fgﬁ%&cﬁpa%‘ég%gébdi %a e 32%% g’ro ilé%’t at’ %%edir%l&ugtclearrennﬁ%rebse? V\t/:e%na a

m nuti ae aenghber Aosdbobrahehf pedntnilsutihgs setitestedarftan mibmutiemrest

nei ghbor hggd,of  bhengeraadepapbbehR: ixh%ae@irr%@d@%easq?ﬂo%& gy Lo

t hree 2 o MaR 20~ 3 di nensi onal ranges of different displacenents In a

t hr eecoor BPAZPE2RGRt BMLPEE ABdiLRGLPASEREh HHEEE -mERSidHaNdlange all match

Zcorfs \Ah@éeaafsﬁghapeaeseéaﬁofead'ﬁspkaglemie@bisﬂtglmﬂlt?n Ry Q@%ﬁerd pointf g
i spl acenent s ing, Wwthin that three-di,nensi onal 5 range in order t in
Che ¢ hr ceS Bt nERS! SRR RBRBESHAY: RELTRE HPoReSH CoEmal mie i Ssarded i

hi ghest cwabl nes théchusbereolfebmgnichdpodhitse Thetse datlaatarnee cl oseness of

Fingor pri eeoraigady hal) 8BRS HTREE ™ k'S 615 014 descri bes. a met hod

to mdt0ch fingerprints using an attribute relational graph. 15 In US 5 631

972 a hypek | ggdergappseach hsstade! 9pRELHARMiG RARPIEH AR WindSS 4
646 352 describes a_nethod and a device fox matching 20 fingerprints

wher ei n d"PpEFRIBRANATBaFR1F| BELNEdf oRNERtHY £ BPERLSn§ SRLRSEE Abdiwes A t h

r ef ere][lcetm@ @hamutbéaibfcst:_ ﬁélﬁWhIBQsg_bifgian&ﬁnge&iptrii@ft ?m_g@ ra@fa iz0nseat ad
gl ven for nutl ae rinc . __COOr, ate,systens .prel i mnarl sel ecte
o5 searth BOHRES  PYRPRRRGLRE L vy Ok hEn SOBY PR ) 155 RACARSE (e 2

m nuflbae mwhfehernce swbgeaatrealibyermidepdnderspettiilve lgoofdimaiaes ystigs. One
of the co i nat ystens.: s .tran by t pt i ts .t

provi de t?%g% %r%%g %%s??%%ﬁséng g??éc ﬂgnxgapgiaﬁgckégﬁgéﬁﬂﬁg}(jﬁﬁ%the
ori gi nal ¢bstanods apetdeencthenpdant ahdt Rechi aibiea pailng dfn tthe @ty G0

candi date,d{sts AsPaLichistelys formed by precisely selecting mnutiae from
t he pairq%and%%ate %S% mﬁtﬁ reference to the transfornmed position and

direction data and the original position and direction data given by the

ot hepoprimgi pafoco9sdi dakersystem asdnba thewhekat hen1daka oa fE¥dg the
35 pair list, an, additional nutia, djst is referagly fornmed i.,ch shows
the t r andtoiHed HOST 17 oh® aRBP U FREFRORY dHREYARA Bhe JPASE. B Pdnddor | gi nal

posi tion edskdin£ess onf dabaat ogrt Ard whiyhet heheekdlyi obtddhang a2 QA ddaR 2002
9 Amnutiae cCONS] S f of . Lnyvariant .and discim nati.ng featyres of a
fingerpri?é% 7§B$%1%E?gc%?n§?%%oﬁ fﬁﬁi ? g%fgeFFﬁﬁegﬁPPhFaﬁ%dﬁgaffghge

endi ng arpir¥ndgeimitie caei ah) legstnenef of headidsadeaniagss sof Selhiese serrsin
et hQ@SO%SPi&@emi‘H&ﬂé ai Dt ¥oRbatbe ABLEALRILhESHhutSHMVARY Ok -THe red

| NVENTI , ,
file prints.

In US 4 135 147 means responsive to minutiae of first and
second patterns for selectively generating a plurality of sets

30 of neighborhood comparison signals representative of the
closeness of match and coordinate and orientation
displacements between minutiae neighborhoods of the first and
second patterns are described. Each set of neighborhood
comparison signals comprises a match score and associated

35 coordinate and orientation displacement signals respectively
representative of the closeness of match and coordinate and
orientation displacements between a minutiae neighborhood of
the first minutiae pattern and a minutiae neighborhood of the

second pattern. The comparison uses a plurality of three-



10 It is thus an object of the present invention to determ ne a degr?UOMAR 20|
mat ch between a search fingerprint and a reference fingerprint with

hi gher degree of certainty than it is possibBe using the known nethods

descri bed above. 15 The object is net with a nethod, a device, a conputer

readabl e nmedium and, a c uter praogramel enent, for matching fingerprints
With featuresdéﬂﬁﬂPHPﬂﬁgt aphgs| RefehdERENE| SinplasemanGSt Hod & dhree-

determini ng acdegieraot spbebmbEbreaddangeanchathngarpe-ainend idn=af efaeree
fingerprint co ria#gg %Ee f ol ng_ste a),Extracti.n
f

Iﬁmj BS. . ﬁ.at Ieas%wﬁne.firﬁy
search featur® fr 8Fe35WPREF oA 3P 48§ % 88F 8N Ofi HgePdACHI e Sdpals
form ng a | ocaépseaenh fHiéaplineementer lybhExwiabtinnghat kaaske-diemeswsdamal

search featur d,.regi sai eat i, rprint thereb
o on ! S8 U E4fgTLA GEARRI-DSINAN, She Shd SRRl LBR kil NG cne
conpri ses 30 kRaglestrecombegednmat¥Desepireni hheahfighsstsicrinbaniety mdeghesdoye

conparing saigeiQ aina%ag,hvéearfugﬁeVEeigeti%t R18skAedl bef g@%ﬁe %%.%{e%&le

vector of said reference fingerprint, Determ ning a second simlar
degree by conpRt®i hyrahi andssgreBdl PaEARERSf eature vector with a gl oba
reference feature vector of said reference fingerprint and using said first

simlari degree, e)Determ njng sai.d_degree of match from said, second
sinilaribé de%i%%k'bgﬁfé a Ch&ﬁﬂZ@SZf%ng?88§?egsf6F g&BEFiPRANd a degr ee
of match betwegnsa23gabeh.fingerprint and a reference fingerprint
conprising: a)Means for extracting at |east one first search feature from5

a first region of said search fingerprint thereby formng a |ocal search
feature vect d¥s b)6kantl4éodesctibesi agmnathbdatd watckefindespainhsf eatingean

froma seconda{@piggtgfaifggigggipgrg'ngrprint t hereby form ng a gl obal
S

search feature vector, ereln sai cond region 10 conprises said first
regi on, éPMeans for determning a first simlarity degree by conparing said

local search feajyirs yectop2 wathygel Peaberefigpensent eat ysgqvest perebrai d
reference fingerprint, d)Means, for determining a second simlarity degree

by 15 conparih4SFRE YRoARtSeErEh feature vector with a gl obal reference
feature vector of said reference fingerprint and using said first

Simlarity dogrep.cpMeansyfor, deler I 0L pgog2h dadgones: o PRLofLLpmigel d

20 fingerprints, wherein a pair candidate list is formed by
selecting minutia pairs with reference to a minutia list
showing original position and direction data given for
minutiae by principal coordinate systems preliminarily
selected on a search and a file fingerprint and those relation

25 data of the minutiae which are substantially independent of
the coordinate systems. One of the coordinate systems is
transformed by those optimum amounts to provide transformed
position and direction data which are decided by the original
position and direction data of the minutia pairs of the pair

30 candidate list. A pair list is formed by precisely selecting
minutiae from the pair candidate list with reference to the
transformed position and direction data and the original
position and direction data given by the other principal
coordinate system and to the relation data. On forming the

35 pair list, an additional minutia list is preferably formed
which shows the transformed position and direction data and
the last-mentioned original position and direction data

together with the relation data.



A conput er readabl e nmedi um havi ng a program recorded thereon, [2 Me
programis to make the conputer execute a procedure, conprising t 0 AR 2002
follomnng steps for determining a degree of match between a search

fingerprint and a reference 25 fingerprint: a)Extracting at |east one first
search feature froma first region of said search fingerprint thereby

formng a IAomalnuﬂ;e.arech:d‘rsaIsﬂs ofect aret bjﬂE)dmaa:nalgt adnd edsscomeénsednnd

sear ch featdige LM seqqnd A0 risel one ol 3l o sear chy Liagerpriof Lbegedy

formng a Iobal Sedrch fea ere <ar o seeond

conpri ses §ameﬁrrprrg1ntr agidae (G)Jmeeraﬁdrmm;g aandrmsdg@rbnfraxmyldegr ee by
conparing said |l ocal search feature vector with a |local reference feature
35 vector of said reference fingerprint, d)Determ ni q%? second simlarity

degree by O8FpALi tGesSiFagvarniagssath thets s e theds A Gl bhal
reference Lpakuraivest of ahesaiat Jrgfey efesad ngerprint and using said first
simlarity degree, 2 0 MAR 2C 6 e)Determ ning said degree of match from
said second simlarity degree. A conputer program el enment which is to nmake
the conputer 5 execute a procedure conprising the follow ng steps for
determ ning a degree of match g0 8 seg EN{IEQ%?PB” nt and a reference
fingerprint: a)Extracting at |east one |rs searc eature froma first
regi ont®f said search fingerprint thereby forming a |local 10 search feature

vector, b)Extracthng atn beaslctons W%%&QJ@M& ftf&rﬁé‘téﬁﬁi?x@g a
region of said search fingérprint theréby formng a glo search feature

vector, whePEFRSsQEdMEEEoNHSTEEh % c'srbsflsr%ﬂﬁﬁqlr%tt 4%|"i‘)nre§%rence
c) Det er m nfmggeri:lr&sﬂt siifthl ar Hiyhdegdeeydee cofmasdtima) dhOealt sear ch

feature vect Lar & i lh ri(f er enceetf ea ur veééfr of sar d reference
fi nger pri nPoSg) Fer‘r% ﬁ‘gng g FBCHTY TSRS AP onpari ng sai d
gl oball>earch feature vector with a gl obal reference feature 20 vector of

said ref ereﬂgeofgbgggr R Db +2Rd s inGh 334 f'darsoterﬁ ' mf}éé“rqu@élgereadab

e)Determ ning sa egree of ma ch fomsdi § secon egree
By the inveadion Iaodala gatpgitelyalp rioghremretliegre Nt datumed)claimeg used t her eby

enhanci ng Ehggeepiahity okl Re sl aclitdigtiido ihd o r%aér%@n@onl i near

deformation_o Image of the fingerprint due to variation I n pressure and
the pressi fig23®Smanner. A further advantage of the invention is, that the
met hogg s fast to corrpute thereby being suitable for an online fi ngerpri nt

yerificatl gg/ r fin prlnt |dent|f|cat|o %%§q1 invention na
|nplenente a gafa FrE-EdRgute @55?0@ ad Wﬁ%ql%i%ﬁﬁgﬁ%l
eIeCtroninmngeuptlnt and a reference fingerprint comprising the
following steps:
a)Extracting at least one first search feature from a first
25 region of said search fingerprint thereby forming a local
search feature vector,
b)Extracting at least one second search feature from a second
region of said search fingerprint thereby forming a global
search feature vector, wherein said second region comprises
30 said first region,
c)Determining a first similarity degree by comparing said
local search feature vector with a local reference feature
vector of said reference fingerprint,
d)Determining a second similarity degree by comparing said
35 global search feature vector with a global reference feature
vector of said reference fingerprint and using said first
similarity degree,
e)Determining said degree of match from said second similarity

degree.



2 0 MAR 200; Advantageous enbodi ments of the invention are clained in the
dependent clains. The further described embodinents are valid fof QI'MAR 2002
method as 5 well as the device, the conpster readable medi um and the

conputer program 10 Said features nmay describe mnutiae of said
fingerprints or a relation between mnutiae of said fingerprints. Features
may be used which are I ndependent fromrotation and/or translation of the

finger pr 'zf'téex?fé@ fa\%%%wﬁﬁgi%{gg ﬁ?%é%@aég. gﬁ?tcﬁ”bejc%@xe d WEpdpn may

further corrprlset i Tst region conprises a
given fi r%ltnmn*éfawél ghbefCRRAOEI §énger§z§|léts§@61@dl|5é@lgon conprises a

gi ven seconge MDURSr 0fx PLhghbe atnyéhae o8 fi#didsea¢end f%ralthe | & dnll ger
than said first anmount, 25 30 The invention may further rise the

fol | owi ng f&® 1SS TeIERR P i ﬁ?i"@ §3?EICP| SPIGERELRL] F?eééﬁ’rye FHing B
mnutiae ineedd $éasthregaonre’ véeterpining a best match local structure
pair of tiae usij ld fiLps Iarlt ees, | i gning all
m nutlaergn S econdpl(rgaeg ron° aéeéieas sara Bég %ﬁt‘s@ﬁ’rlcgc? ur’i?ct%roé"
pai r, therebysdormd ngeesbin gf obaldseasrhhf Eangeepvéntothelreby ffiontnierg a

Friood Tt kg {dd b FLeRLL Y deRgee GhLkLinKg)ske bR eI 1, e

FL~I 18 bl ax@sisperzaid first reglon,
c)Means for determining a first similarity degree by comparing

said local search feature vector with a local reference
feature vector of said reference fingerprint,
d)Means for determining a second similarity degree by
15 comparing said global search feature vector with a global
reference feature vector of said reference fingerprint and
using said first similarity degree,
e)Means for determining said degree of match from said second
similarity degree.
20
A computer readable medium having a program recorded thereon,
where the program is to make the computer execute a procedure,
comprising the following steps for determining a degree of
match between a search fingerprint and a reference
25 fingerprint:
a)Extracting at least one first search feature from a first
region of said search fingerprint thereby forming a local
search feature vector,
b)Extracting at least one second search feature from a second
30 region of said search fingerprint thereby forming a global
search feature vector, wherein said second region comprises
said first region,
c)Determining a first similarity degree by comparing said
local search feature vector with a local reference feature
35 vector of said reference fingerprint,
d) Determining a second similarity degree by comparing said
global search feature vector with a global reference feature
vector of said reference fingerprint and using said first

similarity degree,



8 2 ~ MAR 200 B1 is a freely selectable local threshold, Wis a freelz

sel ect abl e wei ght vector that specifies the weight associated with ea FD MAR ZC
conponent of said feature vector, S FLT is & local search feature vector

of mnutia k1, 5 "' FLk2 is a local reference feature vector of mnutia k2.
Furthernore, said second simlarity degree cg(kl, k2) may be determ ned

usi ng the fol $ohfheFPLRHAFaS21g gegree of Eagcp~@FPmk23}d0?eﬁﬁ@ﬁeﬁ#mlhaL#QX

~b - FG ~b | < dgykddbers bg is a freely selectable global threshold vector,

15" FAS~I.b is a global search feature vector of mnutia kl, R FGk2b is

a global reference feature vector of mnutia k2. 20 In a further preferred
enbodi nent ofAtdenputvent poogsandetlegere ohinht db ke deker wheaedompunrert he

fol | owi ngcfor e L0~ o = - N~ | reihn N1 and N2 e the
nunber s ofs m nu (?%%(?i% B %%gnar%ﬁe?géﬁn niSpggalta\é,ggg?&%wﬁﬁﬁgggﬁpfsnt%roé:nd sai d
reference 25 detrpninimy . a3de@yeehefembbahubesveenen sebethefiage rporiat and
r obust resultaiﬁéfg%gﬁy@dfigggggrggggRlPTICN OF THE DRAWNG FIGURE 1 is a

bl ock di agram of a conputer sxs emwhich is used to performthe steps of
t he net hod:; ) Extracting at least one first search feature from a first

region of said search fingerprint thereby forming a local
10 search feature vector,
b)Extracting at least one second search feature from a second
region of said search fingerprint thereby forming a global
search feature vector, wherein said second region comprises
said first region,

15 «c)Determining a first similarity degree by comparing said
local search feature vector with a local reference feature
vector of said reference fingerprint,

d)Determining a second similarity degree by comparing said
global search feature vector with a global reference feature

20 vector of said reference fingerprint and using said first
similarity degree,

e)Determining said degree of match from said second similarity

degree.

25 By the invention local and global information (features) are
used, thereby enhancing the certainty of the result.

The result is robust to a nonlinear deformation of an image of
the fingerprint due to variation in pressure and the pressing
30 manner.

A further advantage of the invention is, that the method is

fast to compute thereby being suitable for an online

fingerprint verification and/or fingerprint identification.
35

The invention may be implemented in a programmable computer

device as well as with a special electronic circuit.



2 0 MMAR Zoos 9 FIGURE 2 is a flowchart of the nethod for determni nzbhﬁt ,
degree of match; FIGURE 3 is a mnutia |local structure of two nearestVs AR 200.
nei ghborhood mnutiae to a mnutia; FIGJRE74 shows a conmon region of a
search fingerprint and a reference fingerprint. 10 DESCRI PTI ON OF THE
PREFERRED ENMBCODI MENTS Preferred enbodi nents of this invention and

nodi fi cati ohdvaBteaaeprsf eRPPRIRGREe Odesbei BEYORtiPY @fter elddmas! tie the
acconpanyi ngegéabngsc1kifsl. shows a conputer 100 conprising ' a central
processing unit (CPU) 101, 20 ' a storage device 102, ' a bus 103, and ' an
input/output-interface 104. Said central processing unit 101, said storage
gevi ce 1?2 Pihe ﬁﬁrshéd ﬁ?put&beapumbﬂﬁ?éhase a}:@4varlacx:@aﬁe/ athed nw'ﬂHch]@isd

us 103 _fox e ngj ectric signals. Via_said input/output-interface

104 and % YL ShaRRg: f6h ths. ths; GORBHDSFer cro0bLS BRMIAR eRdyF o
fingertip sepsput80 pO8gramth which an image of a fingertip 107 is taken
froma finger 108. Furthernore, via said input/output-interface 104 and a
second connection 109, said conputer 100 is connected with a keypad 110,
and via a tHhrid EonneEeroRayldessaigecHAputanelad iseicodiogea®niintts £1 éad
device 112, rikeidnCBEEhvdenOhiAusiBEt 68 dahgadehge igdisd

i nput/qQutput-interface 104 and a fourth connection 1Z3 , said conputer 100

is connected with a display Z14. to 2 0 MA R 2002 After said sensor 106

has t aken spegltuwpegemay boeubkdgehith, agei dndapeadests tonf roagdich sensor

106 to said_c uter 100, where_.it.is_stored i.n.an inage mory port.ion 115
of said mer1S Ghot AT Sar HoReRbr §PT05 PBREPE eI oPRA S T Gith B o v
program 117¢owhd thapakegsteaind conput er Z00 execute a procedure conpri sing
the follow ng steps, which will now be described in detail. For the further
explanation it is assuned, that the image of 10 the fingertip 107 conprises
n ninuﬂﬁae,Thwn%&W%@Eﬁ@&t?éﬁtéarth9ﬁ1§9erFﬁﬁg§h$1§91¢§Hlé§cﬁeﬁﬁwwﬁsa k (k
=1, ..., ™ sajaneiia fLaEUER ¥ERDOEsESKaldbvks det-atnNbAsdnand rshaliemhydt
said nmenory 1021$cf. Step

nminutlae,

® said second region comprises a given second amount of
neighbor minutiae,

20 * said second amount is larger than said first amount.

The invention may further comprise the following features:

®* Determining said first similarity degree for all minutiae in
said first region,

25 ® Determining a best match local structure pair of minutiae by

using said first similarity degrees,

® Aligning all minutiae in said second region based on said
best match local structure pair, thereby forming said global
search feature vector,

30
In a further embodiment, said first similarity degree cl (kl,
k2) is determined using the following formula:
bl - W x [FI§, - FIS, S o
Cl(kl, k2) = b1 P if W x Flyy — Flgol < bl
0, Others
35

wherein



15 201 in Fig.2). Said mnutia feature vector FGk 116 conprises the

following features: xk Yk FGk = ~k ~ ( 1) nk 20 wherein ' xk is a fZﬂsMAR 200;
coordinate of said mnutia in a given rightghand orthogonal coordinate

system ' Yk is a second coordinate of said mnutia in said coordi nate 25
system Pk is a direction (-T~ < ~Pk ~ ~) , which is defined as a |ocal

ridge directi ®d dfs an faesdy st atialyee dfowml dcmieshold, nk is a minutia

Lype out of eaygleel Gl WelBdidd R WP 3 ditier Olobal ssbal AELET LALT oS

of said mnutia such as said first coordinate xk, said second coordi nate Yk

and sai d di r e¥CilgRt-Be SR adsbitidit SHfh PRI orchnte i | EpR BRrenvestor,

said fingere FEP.2. ) | i i en said
fingertip 107 }%aé%u:gﬁgﬁ%ghe%%%aér}g frsleg%tq}r% g?‘?%%égn%gpﬁ%%ﬁg‘?i %’
invariang. bknEseqand stRp i Staf e ft@AChy &bt i 8 knhuthe kimge 5

| 15, the two next mnutia i and j respectively are determ ned. For each
mnutia k of the inmage 115, the following features of said mnutia are
determ ned ESreReBRre,1Raid fddcidl Sdianice iy Rt yeen &g (k1 sty Wi ape
poi nt k and apoint ofa first neighborhood nminutia 1,"'a seconddi stance dkj
bet ween sai GefErRENGchSiiRD NG G L i iR B LR second nei ghbor hood
mnutia j,a firstridge count nkl between said first mnutia point kl5and
sai dpoint of said firs rcei %or hpo% g nutia k,'{a secondridge count nkj

bet ween sai %qK}IdI‘ §{2) m niisl pevnt kafEasi de?thloF ®8i d second nei ghbor hood
m nut i a“? ,'atifstrelaty ve angle ~kl between sai gtfl'&gt m nutia point kand
sai dpoi nt of said first ' nei ghborhood mnutiai,?2 a Secondrel ative angle
~k, between said first mnutia pointk and said point of said second

nei ghborhood _mnytia j,'a firstridge direction ~Pk" anda secondri dge
direction ~BRETE1B5 Said first distance dx~ is determined according to the
following formula: dki - ~xk - xil2 + Uk - Yi~2 (2) 30 wherein ' X, is a

first coordjpnate,.of _said point .of sai.d fi,rst .nei.ghbgrhopd mnutia i in said
coor di nat e sygf-”%r]r!s 8 yir s ¥a ® é‘f&ﬁ&%&(?o_r%oi)aﬁlee%%ess Ogl‘%o‘f%t%’f’ said first
35 nei gior mo@dim, nuki 8 igliohalaisd G HNAE SKAHABr of minutia k1,

R
* FGpo, is a global reference feature vector of minutia k2.

In a further preferred embodiment of the invention said degree
of match is determined using the following formula:

Z cg(kl, k2)

ma x(Nl, N2) ’

20

ms =

wherein N1 and N2 are the numbers of minutiae in a common
region of said search fingerprint and said reference
25 fingerprint.

By these features, even a better and more robust result is

achieved.

30
BRIEF DESCRIPTION OF THE DRAWING

FIGURE 1 is a block diagram of a computer system which is used
to perform the steps of the method;
35



Said first relative angle ~k, is determi ned according to the foll ow pg
formula: | 12 tan-1 Yk - Yi xk - xi i - 2n + tan 1 Yk xk 2n - ta\rJZDCMARKZOOZ
re kY x- ~Pk, i Yl xi J+~Pk, if - n9% tar if tan 1 Yk xk if tan-1Cyk

xk 2 0 MARZ2002 1-1 Yk - Yi 5n xk - xi - rPk Yl - cpk S-n- xi - Yil J

- cpk > n - xI%éS) 5 Said first ridge direction rPki is determ ned

accordi ng tBIEPRET Sl Ldwk n§LPYFhRarh: Ofpthe ppkbogpfpr. dggermdpiing the 2n -

~Pi + ~Pk~ if - n < kree ~®K mabchf cpi - cpk S-nif cpi - ~pk > n (4) 10
Sai d second distance dk,, said second relative angle ~k;, said second ridge
direction ~Pk; are also determned using fornmulas (2), (3), (4),

respecti vel JIGUREr 2i hst hemindexai losaihenragtharged hbyot heairedex j. 15

These features are iﬁ@%%ﬁ%‘fﬁ%o&rﬁf%§€§a£0£gtéoﬁaﬁggﬁtrans'atiOn of said
renp whe |

finger I08 on said fing sensor n sai 3értip 107 is
acquired.
FIGURE 4 shows a common region of a search fingerprint and a
reference fingerprint.
10

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this invention and modifications
15 thereof will now be described with reference to the

accompanying drawings.

Fig.l shows a computer 100 comprising

®* a central processing unit (CPU) 101,
20 * a storage device 102,

®* a bus 103, and

®* an input/output-interface 104,

Said central processing unit 101, said storage device 102 and
25 said input/output-interface 104 are connected with said bus

103 for exchanging electrical signals.

Via said input/output-interface 104 and a first connection
105, said computer 100 is connected with a fingertip sensor

30 106, with which an image of a fingertip 107 is taken from a
finger 108. Furthermore, via said input/output-interface 104
and a second connection 109, said computer 100 is connected
with a keypad 110, and via a third connection 111, said
computer 100 is connected with a read device 112, like a card

35 or a smartcard reader. Via said input/output-interface 104 and
a fourth connection 113 , said computer 100 is connected with

a display 114.



After having determ ned said features described above, for 20 each of the n
m nutiae a |ocal search feature vector FLk 118 is determ ned anq%iiﬂbﬁﬁ 'B

" said menory 102 according to: 13 . 210 MAR 2002 FLk = dki dkj b 02
~Pki ~Pkj nki nkj nk m nj .Pk~ (5) wherein 5 "' dxl is said first distance,
dx; is said second distance, ~xi is said first relative angle, ' fix; is
sai d seédnerr edatd veenngire, 106 ~xs taksai$éﬂdsima§dgeﬂﬁthmtEmngertiﬁﬂ

~Px, s 33id gx%cqoé‘dlé'ggﬁtd'f %S%E'soa[ld sé%sofslﬁé'% fidst ré u%?-.‘é“‘ioo nx.
i s said §econ unt 'S mnutria ty m nu

m nut i awhgge oit mlrﬁutrséoredlan mr—l i Mg e mﬁm@rx yper@flom nlllﬁa gf prids a

par amet %@mwfhlﬂﬁscrrrpe§aaae e 9f 180t h ther & i dgessapdeyald exémbutwe

nei ghbor hood of the m nutia k. As menti oned above, said par amet er
desc5|’| b&LOGREMilduki AN 1gpkes wRdidi FOBPYLeR-d Uth @it a Prag@déﬁe. ng

and 0 compedsenef the i figel biving catéps, Wwhechanamat elow e 0888E+DBSAS@hd
ridge cg}ent,l e. the nunber of ridges, between the mnutiae k and i. Said
par anet descrlbes the type of both the ridges and valleys in the

nei ghbor hood of the mnutia k and is 25 obtai ned by considering only the

endi ngs i.d \ VS, sFOr. r i dges and
4 val l eff?ﬂ %ﬂt hghﬁg?l%%b%r I ﬁéﬁ&he %lnsﬁ%gv% ar eﬁtugl gmaaéscrgl bed,

px & ath@ctfepg@@ﬁgpstl@a é:onmrclcﬂﬁﬁ)rrem@utnme,vavmvecl@faneacqnxtraqtedo MAR
2002 corpepeRbief ifldele ajsector may then be 0, 1 and 2 dependi ng on whet her
the corresponding ridge or valley has no ending, one ending or two endi ngs.
The search for the ending can be done for the entire ridge and valley or in
a freel yozpeachi ednati@gikonk™ ., ..., n) a minutia feature vector

FGy 116 is determined and stored in said memory 102 (cf. Step

15 201 in Fig.2). Said minutia feature vector FGk 116 comprises

the following features:

Xk
e Yk

My

20 wherein

® Xy is a first coordinate of said minutia in a given right-
hand orthogonal coordinate system,
* Yk is a second coordinate of said minutia in said coordinate

25 systen,
® ¢, is a direction (-T < ¢, = M), which is defined as a local

ridge direction of an associated ridge of said minutia,

® My is a minutia type out of a given amount of minutia types.

30 The global characteristics of said minutia such as said first

coordinate Xx, said second coordinate Yx and said direction @,

are dependent on the position and orientation of said finger



Therefore, the paraneters n and p describe the |ocal characteristics of the
mnutiae in their respective nei ghborhood and are determ ned by m&é@e
"image of the 10 search fingerprint. Theiel enent of the vector is 2902
such a way that the first element corresponds to the nearest mnutia found,
foll owed by the second nearest and so on. 15 Referring to Fig.3, for said

m nuti alk8 @n eedld stimgentrip ofernder t 6 nelaeessan@i gbhgehoag adnutiisa i s

shown i [ t tur hof the mnutia, the
ocal sEratE | ARt SR ol S, < FR0e FAETRR, bRArERR e 20

axes. Afirst axis x is nornal to the direction of the mnutia while a

second ay $ %dSdANGYY | @edP 18 mM'é’a&k LAk PDa IthnEHJBeEerII;

m nutiae_i.n each quadrant shaII not" exceed a naxl mum val ue cally,
the hunBér /néPghBdin SEa mithdtH e taldifl i hiee sReethYe L ¥ rleesdeﬁaﬁmensﬁd the
val ue for g in such 25 a case is 2. In a further step (step 204) a first
simlarit ee cI k2 all ki1, dete ned b ari n each
stored F&8&af %armc,lﬁwf é‘a?td? JQ/ eorlr?ﬂ_%ef(llﬁ?z %é %%i?ﬂwé’ﬁgf FFnP with
| ocal rehedemiauftaat wre \dedteomsi rFddRkEStI® 283 )ch descri be one or rmre
reference fingerprints, the search fingerprint is to be conpared to in

or der to verify or identify, respectivel a search fingerprint. 35 The

r efkd endeaf dafsite Moteacs FiRbeTMeERHfa t hbrsbfliputbaf pagBEpki and) aar e
fornmed i npadyaneg ian ftlfi%tswg\mﬁﬁxﬁﬁiﬂd% search feature vector FLsxl
of said, searchfrn pri nt 5 10 15 20 25 30 2.0 MAR 2002 Thus it is
to be undérSE€668% %étSttaF?@reedar PRy $P19ch rekaptput bat BPentekt and
FLsk~of tbep&Q&Ithff Lang@rc@rnmtnetl@mﬁmmu |nf1re,ﬁl’lvaerj,f| ed. Further, |n case
of identgification of, a sear h fingerprin pcal reference feat

Vect or 8" FRRESTPE0TOfIR BB tamourtl LI br e HhcEL TS hoBTRRF i <58 BesRor ed | n
advidnce i andasdinepointloeZ emiich mmmJJmibmq riivoit sdhoin) , wherein

the exterpal 145 .C t e

i nput / out gut y nggr llgéel%%%l%n% hse "\tkever | ca %%%90¥1&£g%r€ﬂlnt k
fingerpriand shad peantr effersarice sesmng elaﬂmhﬂ@ﬂd%mnm@l@fj a reference
fingerpsi ?t fﬂ?)ét""@'e‘i@t&% 2% g"l%h@' NGELRPEEA s b $at ?1P§tvﬁ5hﬁ Qe her

sel ected fromthe [ocal reference feature vectors o ere ce
fingerpri Apg §raérieao|lﬁtt Ré wEis fIGE G iighboasheachimeiet yiby the user

vi @d hee kQYBQGOihaiOrQllaltﬂE}'ét afnrgQ.@ @kg:ads@ltwéémré&@adfgfsthﬁlhu@avEeime read
device 11 ure vectors FLs e now matched to sai d

cal .sear a
earlier s o?@g P8&§ pPér“erQ ce? gatsﬁ’rcé’r\fie(f’t":"drgé1 %&OC{ IO TP shi d fir st
simlarPty degseerdligleldllr%):tfl@m &), ramuti ae k1 of said sear ch fingerprint

and fore a I QEQHB' gﬁgéé 8 f)%‘%i%lslog]f (psar d reference fingerprints. Said first

srmlarrty aegree C t &'m ned according to the follow ng
formula: bl - Wx'"FLkl - FLT, ¢ I~kl, k2~ =b 1 0, withi f Wx IFL~ - FLT

QhRI'S said first distance dvi is determined according to the

following formula:

- )2 )2
= Yk - x1 ) + vk - vi) (2)
30 wherein

® x, is a first coordinate of said point of said first
neighborhood minutia i in said coordinate system,
® vy, is a second coordinate of said point of said first

35 neighborhood minutia i in said coordinate system.

Said first relative angle ®,, is determined according to the

following formula:



wiwd' wd" wO' w0’ wP wP" wn' wn' wri wr wr wpl wherein < bl (6) bl is
~a freely selectable local threshold, 35 "' Wis a weight vector that
specifies the weight associated with eagh conmponent of said fedtQiMARQID?2
16 2 0 MA R2002 S FLT is a local search feature vector of mnutia k1, R
FLT is a | ocal rref erence feature vector of mnutia k2. The possible range
of said first gimLariyty degriee cl (k1, k2) 5 is 0 s ch{kl, k& |s 1. Thus,
cl (kI, k2) - 1|FAPIieS.a perfectPhatch whitfe B cktank2) — U inpl re®kast &t al
m smatch. In a|further kstepl step 205), a best match of ocal €t ruct ur e
pairs cl(bl, b%é of searghyfeatyy¢ vector and refeigence;30 feature vector
i's deterfkned )58t WSt (fEfch | s) obtimdd B§nma m sai @k f Er st
simlarity degriee cl (kI , rrg]f as:tt | ~bl, b2) = xk-c T2kl, k2~~ , kI, k2

(8) 15 Said begt match off ypcalystructure pairs¢hibl, ) of search
feature vector aﬁd-rtéfféfi nge Teat yre Mect tas 1 © ?s-a‘PkePi abl e

correspondence ‘of the two c]6rrpar3ed fingerprints. A¥1L of'Rér minutiae will be
al i gned based on this corresponding 20 pair, which will be nanmed as base.
Supposi ng said base of a T fingerprint found is ~xb~ Yb~ ~Pb~ , (b = bl,
b2) , then all the other minutiae of the respective fingerprint are (3)
described with respect to said base mnutia. 25 Thus, for each mnutia, a

gl obal rehe f ure;vec ~ 1§ determined.using the f.ol|qw formul a
(st e% 2%1“%8&6%} W EadEraSteE R on B0 T) RS IERSY %\?1?05‘;%619 R&BRe “pkb
xk xb - fRolawing-PkormuRbd: nk bk, k $ b (9) , 30 wherein the vector
paraneters have the sane neaning as those used in the | ocal search feature

vector. Howevef, the parameters n and p being descriptive for the |ocal
characteri stics®of ~t®e ninuti aéfas Ment@iomedkatove are, in

Pki = 120 + @f — @k, 1fQi —@x < -m (4)
2n - @i + 9k, if@j -~@x >«

10 Said second distance di,, said second relative angle ®H, said
second ridge direction @,; are also determined using formulas
(2), (3), (4), respectively, wherein the index i is then

exchanged by the index j.

15 These features are independent from the rotation and
translation of said finger 108 on said fingertip sensor 106
when said fingertip 107 is acquired.

After having determined said features described above, for
20 each of the n minutiae a local search feature vector FL, 118 is

determined and stored in said memory 102 according to:



17 2 0 MAR 2002 general, not included in the the gl obal search feature
vector to avoid unnecessary repetition. Having determ ned said gl obal
search feature vectors FGsklb, 5 they age subsequently matcheﬁﬂMARr
stored gl obal reference feature vectors FGRk2b 120, which were determ ne

in the sanme y as said global search feature vectors FGsklb using fornula
(9) described &xdve. 10 The result of said matching is a second simlarity
degree cg(kl, |k@); for all minutia pairs (kl, k2) of said search fingerprint
and of said refgrepce fingerprints. 15 20 25 30 35 Said second simlarity
degree cg(Kkl, @l s determ ned according to the followng fornula (step
207): cg~kl, HEhQL cl~kl, 1c2. 0, if (FGklb - FG2bl < bg O hers wherein bg
is afreely s¢lectable global threshold vector. (10) Equation (10)

i ncreases t he|reiy pbi lity of the result because cg(kl, k2) is nonzero only
if minutiae k] ®nd| k2 are both locally and globally matched. This neans
with ot F&k Fof sthat the second similarity degree is determned by (Bbt h
conparing sai ¢ gl'opal feature vectors and using the first simlarity
degree. Moreoy&ki t hrough the use of Equation (10) a soft decision is

provi ded inst¢ad,of a sinple result "matched" or "unmatched". Finally (step
208) a degree|of nmatch ns is conputed according to the following fornmula: c
g~kl, k2~ ns + PaxeN, N2~ (11) wherein N1, N2 are the nunbers of the
mnutiae in ajco n region 401 (cf. Fig.4) of said search fingerprint and
sai d

5 *® dy, is said first distance,
® dyy is said second distance,
* O, is said first relative angle,
* O, is said second relative angle,
® ¢, is said first ridge direction,
10 * ®,, is said second ridge direction,
ng is said first ridge count,
® ny, is said second ridge count,
me is a minutia type of minutia k,
® m is a minutia type of minutia i,
15 ®* m, is a minutia type of minutia j,
px is a parameter which describes the type of both the ridges
and valleys in the neighborhood of the minutia k.

As mentioned above, said parameter m describes the minutiae

20 type, wherein e.g. m=0 in case of a ridge ending and m>0 in
case of a ridge bifurcation. The parameter n, describes said
ridge count, i.e. the number of ridges, between the minutiae k
and i. Said parameter p¢ describes the type of both the ridges
and valleys in the neighborhood of the minutia k and is

25 obtained by considering only the endings of said ridges and
valleys. For example, if there are 4 ridges and 4 valleys in
the neighborhood of the minutia k which are to be described, p«

is a vector consisted of 8 components. The value of each



la 2 0 MAR 2002 reference fingerprint respectively. Said conmon region 401
is the region where said search fingerprint and said reference rint
overlap each other using said given cootdinate system Said cozﬂhdaﬂég %
401 is obtained by transforming a 5 rectangle 402 which defines a region o
interest of said reference fingerprint to said search fingerprint by an
appr opr i aempanghe afdsucangl aeicdoramayntthen dievén By ark 2 ciepspding non base
i nf or mat i S l; h ¢ gi is
sai d corﬁ%ﬁt?gpl g}r}é ggﬁ%gb%\?(l%r n%ﬁéde&?? egr\egy }%é ﬁaéj&glﬂ Te(?rgﬁa ned
from sai eneée@n@rstm arxidwgeegﬂée asd ke famtrdre endiinwitgare ba denel
common regkophef efdidesedngh and waildeielnr ance fARQanPrddus: £ildg Two
flngﬁrprlnts will be verified as that of the sanme finger if and only if

the munmbBFIbP2t RBL¥i nutiae in said common region 401 (max (N1, N2) is

| arger than a first predefined threshold N, and ' an area cs of the conmon
regi on ge h d 2 redefi ned thr shal d and ' said
degree o na?fégé EhE ggrgpég %% a gﬁ% % %Fgéeflne ?the‘ﬁgtd T. By taking
into con@h@eaeteéhshe$50nfythhemdegﬁeeeoﬁnnab@hx metsp2Stdlvwo t he nunber of
the m'“%éﬁfhb@rﬁébg SRAMAReN §ELRRPMARA J! RS ¥S8R Eh%mf$%§3“3¥]{ﬁ@'°” of

the search Tingerprint and the reference fingerprint according to this
é@lneﬁ?35$htﬁengﬁ9Eﬁ%P5n the reliability of the fingerprint
|dent|f|catlon/verlflcatlon is significantly increased. 30 After having

determ esu her said search fi erprl is matched with a
ref erenc ?l% %T%?ﬁ ?%QE%SrﬁFﬁ OFolﬁhSrHEFﬁ §8F&bédw§§b$@a§; iRe
conputerfﬂﬂ@tsehdmeatresnkéspbgdaltbothaidedmepkamlhb&lmhekﬂnkhe result is

200) - ROt 560s ORCPac AEERERoPRRSEnBEa mancs of i< invention

andlﬁndlflcatlons t her eof have so far been described with reference to the

acconpanyd Ag. £ Ay 0. phf . 9T ELD aaﬂlahylﬁg ROSS! Bl 4h 0T 1QNe. SKid 1§d TN

0}
the art to carr IS | vehtlon élal nto ettect in varl ous other manners. In
t he enmbddierelivo d@e@reb’edneb@hborheocimmemamlnutshezeml iagd ydingedphect i vel y,

ar e takefbé{GPe§0&‘éé£'€il§éaOQbB% dﬁaer%ehnafat acal nggarneh é:hh%at% ector.

Hovvever there I1s no e anount of ow nmany ne|
m nuti a W%@J%k@ﬁ qihvbdaécénhe fenE gHBEdRAEAt PHesWP PEFPEIGIE WAL es on

onl goonesshest AretLhed &kikogalsShbumhUr eopdhesdekebliob2)b fofeeafichiigat ure
vect or égi nd reference feature vector. | n_an t;}ernatlve it is also
I

possi bl st SEPPITaRTE ¥Bf 1PaFRRIGELARP| hiPalFPEy MePUbdde i nfGtdiPoul d
even i nrtey endritee achf exbhheisel iabehchyqobdirhatr eadlll. nd2@ Saicdedegree of

mat ch | ai ped Ly [ he n e _mat ched
nlnutlggyzghréﬁgfﬁggé ng két?@g ggm% 4 ng§§%ﬁ§%90§e§8fﬁ%é “above,
one naytﬁkﬁﬁtEﬁiQkﬁﬁ¢@@$bwﬁﬁgl©$$tEhﬁDn6f@ndzshéeveinﬁnﬁ@g @ dai dusdst

mat gh Sty ucddd & PH I

In a further step (step 204), a first similarity degree
cl(kl, k2) for all k1, k2 is determined by comparing each
stored local search feature vector FL°, of the search

30 fingerprint with local reference feature vectors FL%:; 119 which
describe one or more reference fingerprints, the search
fingerprint is to be compared to in order to verify or

identify, respectively, a search fingerprint.

35 The reference feature vectors Fan 119 of the reference
fingerprint(s) are formed in advance in the same way as said

local search feature vector FL°,; of said search fingerprint.



cl(bl, b2~ = mn d, FLkl - FLk2I1J kI, k 12 (12) 30 It should be nentioned,
_that in this alternative, said wei ght vector Wis not used. A pI urality of
bases may be used in this case as well 15 2 0 2 0 MAR 2002 wghzﬂozs
clainmed is: 51. A method fordeterm ning a degree of match betvve
searchfingerprint anda reference fingerprint conprising thefollow ng

st eps: a)lysr ddt idfy R IRkeasindmes ¥993t thear Ehefeattie estebaflanf lpsedegi on of

sai dsears@arfqu%a%x@ e ehy 1Y mflgtﬁelgé@kéQSE%QQr rint to be
feat urevector, b) Extracting atl east one second search eature froma

secondr e§iet i edyi iRk 8¢ ¢ i KRR nt 1R h‘é?%%y%fo%?ﬁﬁﬁlﬁlﬁﬁébﬁpsé& &h

feature\e@@tx@h ' ea.i;n:ﬁad d:r&ecmwlar e;gw@rgw@rfé@sﬁaedvéttats FLY 119
regl D&t ermonin i mrllarlal gsr)ee {)% conpagl ng sai _dI ocal
sear h f° aturd SFe @6t %]%ﬁ o RFRACEPF LRt Yr 20RcP6PTEF &8i dreference

fi nger pridviard)eDeitre rgs ird n@pmze;co]rmz soam imran yexlegreel hyemonpannng sai dgl obal

sear ont Ghdvi v lde  dha dlabalat Hiaspre; | cabhneatusctar ak

sai dref érence ‘fingerpri nt USIW? sI m
degr ee, €pBR@en dily B g1 ofortr et inber Sa¢e %%éonﬁn case of

sim | arifleydeqr@e i b & A B A b Aot 0 chai Mddal V‘Péf@k@néé‘ d

features describe mnutiag of _said finge rints or a relation between

m nt? i ad SIS FESRFSY grlt i 4193 OTA et o ridinE IRF i by, WBECHhher ei n
sai d f eathsr ekaarch ifidepandenit fiomas ddeatsi@mﬁmhipraté aélstnéroseméctbd
fingerprdnts re t Ve or di net hod accordi ng
to clai n%lr%hort ?%%a%qgeeﬁ]enr%sr%%ed 54 C{% e(rje‘g‘?%ﬁo c% %%% 5e5F53ﬂ First
anount dfingeirghtiort stisharegk, irsdihe smmmrcb/ rkQ@ omc cﬁm@re:sbsraaﬂy memosgcond

amount gf, Relohar, %%Utﬂl?ee ker%/é%ﬂddl accord?x%g&sﬂ&n%@é‘ da”FMQLtl:grharger

than said first anoun to one of t al s

f urther ogoifpei dilkg tVrire‘r1 f'fd'lq giath daeie Bl2. Deternining said first
simlarity degree for all mnutiae in said first region, Determ ning a best
mat ch | ocal structure pair_of mnutiae by using said flrst simlarity

degr ees SaAd dRicdd FERLAMfiSHe G Kb tP S cone reF WP aadFhre sk satd pest
nmat ch | @@al] ishr WeldHeRl RAdal thefeahdndor gl vb ot ®bal FERAr cfo fRatdgir e

vect or.
said first similarity degree cl(kl, k2) for all minutiae k1l of
20 said search fingerprint and for all minutiae k2 of each of

said reference fingerprints.

Sajid first similarity degree cl(kl, k2) is determined

according to the following formula:

25
bl - W x FLj; - FIY, ; .
cl(kl, k2) = 01 : LW x [FLjy - FLyy| < bl g
0, Others
with
30 W =(wdrwdrw®lw®!w¢'w@lwnrWnrwerm;erWp), (7)
wherein

® bl is a freely selectable local threshold,
35 ® W is a weight vector that specifies the weight associated

with each component of said feature vector,



6. A nethod according to claim5, wherein said first simlarity degree

cl (k1,

" FLT c'I ~kl, k2) b 10, 20 25 wherein 16 Wx |IFL~ - FL~I

threshold, Wis a freely selectable wei ght vect or

s the wei ght associated wth each conponent of said feature

€ FEI is a heeal seatech feature weeltdr ff MiMdddia kiy, R FLT is a

refere@ce feature vector of minutia k2. 7. A method according to

claim6,®3Bluheisi a $acdlseedrdesicni Ifaartwed@@m@m@(ﬂ(mlrkﬁ)la skalet er m ned
using the follow ng formula: Cg~~~ ~~ - cl(kl, k2)r 0, if IFGIb - FGk2b

afreely sel ect abI e | ocal
that specifi
vect or,

| ocal

k2) is detern1ned 15 using the follow ng formula: bl g(YVx | FL~ -
I

MAR 2002 i s

bg O hersr 35 wherein ' '22~~~~2 bg Is a freely selectable

gl obal

n1nu%|a % oR g%*g
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20

25

30

tﬂhespo$d1bketnang5 oEGBbldsfargtobamléeanahzkkﬁﬂﬁﬂf«ﬂb@kkﬂ )

od accor di ng to cI
match while cl(kl k2) = 0 implies a total mismatch.

In a further step (step 205), a best match of local structure
pairs cl(bl, b2) of search feature vector and reference
feature vector is determined. Said best match is obtained by
maximizing said first similarity degree cl(kl, k2) as:

c1fbl, b2) = max (cl(ky, k2)) | (8)
k1, k2

Said best match of local structure pairs cl(bl, b2) of search
feature vector and reference feature vector is now used as a

reliable correspondence of the two compared fingerprints.

All other minutiae will be aligned based on this corresponding

pair, which will be named as base. Supposing said base of a

T
fingerprint found is (XbrYbr@b) , (b =Dbl, b2), then all the
other minutiae of the respective fingerprint are described

with respect to saild base minutia.

Thus, for each minutia, a global search feature vector FGuw is

determined using the following formula (step 206):

”\f 2 2
dib (xk = xp)" + (v - vb)
Oxp -1 ¥k — ¥b
_ = | tan == - gy Vk k # b
FGyp Pkb Xk — Xp ’ ! . (9)
Mkp Pk - ¢p
\ mi J

wherein the vector parameters have the same meaning as those
used in the local search feature vector. However, the
parameters n and p being descriptive for the local

characteristics of the minutiae as mentioned above are, in

9bas;husf eLenge, f g3 uLe 1VeGhan «f AMAAYd k2. S

<



wherein said degree of match is determ ned using the followng fornula: c
g ~= 10 me = max~N, N2~ ' wherein N1 and N2 are the nunbg]ﬁ of m nutiae
in a common region of said search fingerprint and said refer GMAR 2002

fingerprint. 15 9. A device for determning a degree of match between a
search fingerprint and a reference fingerprint conprising: a)Mans for
extract iFRPexal eaket ohecivuded iBatRfA Fhat glebrlosearhy featagieovesttami d
sear ch fddasfrPid ninddes ey r{orapagiridh.l ocal search feature vector,

b) Means for extracting at |east one second search feature froma second
region of said search fingerprint thereby formng a gl obal search feature

:c/ectori HeT e rdé@c%ﬂnﬁz?@@ﬂgali@gbmﬂbgﬂﬁﬁéhﬁgﬁ gahdulrier &EthQgisFTEGsiaﬁ, c) l\/eﬁns
or determning a first si ari gree conparing sai cal searc
font i e WU of e rbaSqeRtfly chatdneE Ot Sae gt LORr shP ar" Bathaler er once

fi nger priefierefddeafmafure detetorsi AG e d€ondvisich lwarre yiategmendy in
conpari i I | . se e r <\ I |3 ef

feat ur en%leezfslo%n%f&%gi #r%‘%%ﬁeﬁggﬁﬁ naé%%{:ﬁﬂ{@‘g%grgsigﬁggggfd%ﬁ?§§5§M§

si mi | ar i fgrmeeki o) Jarantbedralieyer ni ning sai d degree of match fromsaid
second simlarity degree. 35 10. A conputer readable nedium having a

ded th wh th is,to, th t t
R DPBE S F o 11 A IR B PLP nb° SREPECPOR SUerAFAEHg BITEE 5 2 0 MAR

2002 degreeeklof kit cfobed Weenimuskarphitsngklpr k@) afidsaidekeagate
fingerprint; Extracting.at_|ea n Lr rch feature froma first
regi on olnsgﬁr?rslenaﬁ c%néiﬁge%%%ﬁn?éf%é%é%? ?%Fﬁggﬁrén&&al 5 search feature
vector, b)Extracting at |east one second search feature froma second

regi on ofaapldbandd dudi 10PI Dy | g LOST eQYx i 0T RbYs g AbeRakngar ch Teature
vect or, ereln sald second regionh conprises said first region, 10

c) DePer MaAIFing itstthke i hkovingefermuby ¢dhpAr £Ad) $ai d | ocal search
feature vector with a local reference feature vector of said reference
fingerprint, d)Determning a segond sirrilekri y degree by conparing said

gl obal se?gﬁg&,t)egt klekZ)or wifaﬁGmhgl-oﬁﬁlsz)Iaf%rheshce feature 15 vector of
sai d refef fin @rpri nt and using said fi rozzi‘ simlarity degree, (10)

e) Determ ni ng sai didegree of match from said E6Fd sinmilari ty degree. 20
11. A computer program el enent which is to make the conputer execute a
procedure, conprising the follow ng steps for determ nij n? a degree of match
bet ween "He¥&H RS i kget pFreflunte beF et engtoPrhgbRprFRPIdayELEPACt i ng at

| eagp one first search feature froma first 25 region of said search

fingerprjnt therepy formng a |local search. feature vector tracting at

| st DRSTHCRT o P TESA TR FobT Sl LERbhUCY oBF obhet ZERPY L. BaFatie

finger pragitk,heék2byi § aronngra ghbpal f seanaehideakiir andekRoayrewberd n said

second r.egj co i se i i rst LO 1.4 a firs

S ar T st GRS EShatn T Meehe) CEEF spfin FAEbUPERIE R Hha

| ocal r eftery eseorfeatimicl aett prdefresai ds rééeeentredli ngebpthntpmparing

25 said global feature vectors and using the first similarity

degree. Moreover, through the use of Equation (10) a soft
decision is provided instead of a simple result “matched" or

“Yunmatched".

30 Finally (step 208) a degree of match ms is computed according
to the following formula:

Z cg(kl, k2)

me = max(Nl, N2) ! (11)

35
wherein N1, N2 are the numbers of the minutiae in a common

region 401 (cf. Fig.4) of said search fingerprint and said



d)Determning a second simlarity degree by conparing said 35 gl obal search
feature vector with a gl obal reference feature vector of salnzrg%mmﬁ
“fingerprint and using said first similak8ty degree, e)Deter i 2
degree of match fromsaid second similarity degree.
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fter having determined a result, whether said search

—

fingerprint is matched with a reference fingerprint according
to the method described above, said computer 100 sends a
result signal to said display 114 where the result is

35 presented to a user.

Then, the computer program stops execution (step 209).
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100 12@},4, &@U'e%%sqgm&aas&m@@/@%v& {he Otwy" H80% minutiae i and
0-9 %Q ectf%e l{ are taken into consideration for determining
a local search feature vector. However, there is no limit in
10 the amount of how many neighborhood minutia may be taken into

account.

The embodiment described above relies on only one best matched
of local structure pairs cl(bl, b2) of search feature vector
15 and reference feature vector. In an alternative it is also
possible to use a plurality of pairs as a plurality of bases,
which would even improve the achievable reliability of the

result.

20 Said degree of match may also be obtained by simply adding the
number of the matched minutiae.

Furthermore, in an alternative of the embodiment described
above, one may also use the following criterion for

25 determining a said best match structure pair:

, S R
cl(bl, b2) = min (“FL ~ FL “j
kel KL k2

(12)

30 It should be mentioned, that in this alternative, said weight
vector W is not used. A plurality of bases may be used in this

case as well,
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xtracfing at least one first search feature from a first

region of said search fingerprint thereby forming a local
10 search feature vector,
b)Extracting at least one second search feature from a second
region of said search fingerprint thereby forming a global
search feature vector, wherein said second region comprises
said first region,

15 <c)Determining a first similarity degree by comparing said
local search feature vector with a local reference feature
vector of said reference fingerprint,

d) Determining a second similarity degree by comparing said
global search feature vector with a global reference feature

20 vector of said reference fingerprint and using said first
similarity degree,

e)Determining said degree of match from said second similarity

degree.

25 2. A method according to claim 1,
wherein said features describe minutiae of said fingerprints

or a relation between minutiae of said fingerprints.

3. A method according to claim 1,
30 wherein said features are independent from rotation and/or
translation of the fingerprints compared with a given

coordinate system.

4. A method according to claim 2 or 3,
35 wherein
® said first region comprises a given first amount of neighbor
minutiae,
®* said second region comprises a given second amount of

neighbor minutiae,



10t 10t 10t;10% & ()-!8@10%& ()- g&6&10% & () - sO

10% & ()--66"7}77772[<] @' fS10%&: ()-S_109%& ()-!f" 10%& () SRS
" 10%& () - T&S109& () - 7888999wM4j _@ ~ @&24A0%A V& () - ﬁ MWR“?@GZ
% Oo%R ()-1"° @0%_{L{& ()-!x @0%L& ()-! @0%Qs ()-'SL 10%& ()-99y: h;
;;;;;zIAPlfL %& 10HH 10HH

10HH x° & 5¢6 d>|a RO HESDABE B Sievatvkd (5159 ABoRnt) - .

<<=>P>>z[ <"P1f" 10%& ()-

 109&' & ().~ &Y% & &YAOYR %51 0% >>>??7H?~ @P1f)Z"1
0% () Lt TOPETTPS PEGRETNST “A A% ) - TYONE I3 SA00R: 1) - :
H?k ??27?- Eu@Eh@rPTom4oidsiyg (Hhe K3ZHKDHRIC )stéps: 940% & ()-L/

‘V%OO/;/L@ ( § »- f blg%ﬂ «Fs141)1;6Efli%”/«ﬁfi(ﬁs-t@i/ﬁ)i&*ﬁﬂﬁd%ﬂ&q d 1098 {11 S@Rutiae in

109%& () - P8&R1 EIESE) FAEBBBBBBBAC) L&10Y&' () - Y' >, &SL&lO%& ()- YL&LO0%&R' () - YL&10

Sdovk {;‘#b@"‘@r‘m‘“ﬁ 2 bengLé“ft&é‘ local stracture pal of minatiae BY e ()
>

-YL&lO%& m é{ fgl}é&‘% Lr0%& () - YL&LOY& ()-Y >, &L&10%&

()- YL&100/&1(1);n¥n@1caom ()i NEARECAE0 SRR NI ] -ERIVEB AIed” on SBLDYR () - YL

& OCVLRABSEE TooEE, Lo tona O Vs SOOIt b e B (TS G OBEE () v1.
&10%& () - YeareWl £eQYRATE) VEUtRI0%&' () - YDDDEEESETEOP1L&10%& () - YL&LO%& () - YL&

109& ()-Y >, &L&10%& () - YL&LOY&' () - YL&LOY%& () - YTEUEWE ExEyEzEEl R3L&LOYE () - Y
L&10%&! %F Y >, &L&L0%&' () - YL&LOW&' ( ]1) YL%lO%& ()-Y >, &EEEEEFFhG3L&10%
) ag-m

09f 21 106F) & Wpthod@cesrgyng (e ©
‘V&O%&wh)ereh&l@%&d( Fi¥st &Y&hYE ty) ddrde@UBCHI Ol YkdHifed) - !

& % 9L1Q% & %0 0) 9L9!'10% & () -
p g{fl% 2@?‘&9&-4@@%%&@“8 “é‘]l@%log/a & ()- é%log/g & ()-9 9109%&R& () -
k10%) & ()- 910%&RS& () OHk109%) & () - GGHHH, HOH| [: vU4 9 9" GLO%) & () -

9109%E&& ()-9 910%( & () - 9c10§/ %1&2?010%& ()- 9%

10% & O HHHHHH lvuﬂ 9 -9 10%]&& & ()- 7 &@
1043& 8:16% lk{ wqu& ¢) - @l B0 Fkw Kipbﬂﬁh;%l@f%ﬂ-u
®) ?& () -

& () - YION) NLON) N . EiO%\J)N&()- 55* 1098 D&’ ()
94008 N& () - gK+K1L KaKeKrrK|[ bU3! u 9s10%-& (JED ®r5310%+& () 0 0. 1048 |)-
9-10%& ()- O 10%& ()- *10%& ()- YWKKKDLLLhM [:bU3!u ° L9&10%-& ()-

9' LO&I0WME ()-9 " L9&I0%& ()- 9 LO&I0W*& ()- } LO&LOWPE ()-

L9&10%0&' () - hMVNOOOOOOV U4l 9$10% & ()- 9L10% & () - 10+10+10+ " 90@10%-&' () - C
SOO@L0%& ()-C 9, /1 109%-& ()- OPPGBR R/ S| [: VU4l 9 L90% wW(1& ()- 9

910% & (). 98 109 & ()= 94100 & ()- 9 F29a0%: (-

szw&o%V eERINSYTUMAMY] 0bUAl 9 9 10% & () - 10N) NLON) NLON) N n6F90%N) N&! () -
% 81004) 1& ()-5 *&10% g& & ()-s 9 LUL0% & () -

® bl is a freely selectable local threshold,
® W is a freely selectable weight vector that specifies the

25 weight associated with each component of said feature vector,

]
¢ FLj1 is a local search feature vector of minutia ki1,

R
* FLio is a local reference feature vector of minutia k2.

7. A method according to claim 6,
30 wherein said second similarity degree cg(kl, k2) is determined

using the following formula:

cl(ky, k2), if’Fc;ilb - FGRy| < bg

cglkl, k2) = )
0, Others

35 wherein
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reference feature vector of said reference fingerprint and
using said first similarity degree,

e)Means for determining said degree of match from said second

similarity degree.

35 10. A computer readable medium, having a program recorded
thereon, where the program is to make the computer execute a

procedure, comprising the following steps for determining a
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ocal search feature vector with a loécal reference
vector of said reference fingerprint,
d)Determining a second similarity degree by comparing said
global search feature vector with a global reference feature
15 vector of said reference fingerprint and using said first
similarity degree,
e)Determining said degree of match from said second similarity

degree.

20 11. A computer program element which is to make the computer
execute a procedure, comprising the following steps for
determining a degree of match between a search fingerprint and
a reference fingerprint:
a)Extracting at least one first search feature from a first

25 region of said search fingerprint thereby forming a local

search feature vector,

b)Extracting at least one second search feature from a second
region of said search fingerprint thereby forming a global
search feature vector, wherein said second region comprises

30 sald first region,
c)Determining a first similarity degree by comparing said

local search feature vector with a local reference feature
vector of said reference fingerprint,
d)Determining a second similarity degree by comparing said
35 global search feature vector with a global reference feature
vector of said reference fingerprint and using said first
similarity degree,
e)Determining said degree of match from said second similarity

degree.



