_, e3esnnot qR*'q0s6f sTs]j M TWO- STAGE LOCAL AND GLOBAL FI NGERPRI NT MATCHI NG
TECHNI QUE FOR AUTOVATED FI NGERPRI NT VERI FI CATI oN/ | DENTI FI

BACKGROUND OF THE | NVENTI ON *U00002~ Thi s invention relates|mmmmmWWWMNm\ a
device, a conputer readable medium andla conputer program el emeptc for

mat ching fingerprints. 10 The word "fingerprint" is herein used as

fingerprint or a |like pattern or figure. the fingerprint my be an actual
finger, PWPNETAGEsEPEPLI AND §LOBARENTUNGIRARINT, MPT HifosSRECHNIQYE cBRB. The

fingerprint mayydoawieby rFaNgERIPRESTP ¢ERAT AT AT Br WU E oy S, for
exanple, left at the scene a representative of a More particularly, a palm

print, a toe end a streaked pattern also be a diagramfaint fingerprint of

a crinme. The "matching"” is for identification of a fingerpri n‘mmmmm
reference to a plurality ef nce fj jnts. The
aIs% be for discrininatioﬁ%cgggﬁgpboﬁgrgﬁ@?&N%ﬁﬁﬁﬁ@%ation of t he«goooo2*

fingerprint. In the followng, the fingerprint which is to be recognized is

25 cal | gd; LN LAt + A_S fing 1 Nt i i npared with
ai A senrth TraGArbPneeiEtes] ey BEFEd VAN, W Sl e57 07
descri besagahbehBadans andapp&PBPUS efoP ryg R intt fehrameast@hingt i on and
recogni ki fge¥gkngtan auto correl ation approach. A fingerprint image is

captured and a binary inage of said fingerprint inage is determ ned.
Fur®her nore, said binary'image is replicated. Said replica is overlaid on

sai d bi Mg ywbpagefangeaprantoCcasr Beatkiion upald &rsh a3 e Jtth tth th vl GE eqrent

dul | to a fractional t of the. f int, inter rid
Spaci ngf SRESEPEF Bb AEcfeht (GeBROF SF Bt BFed PRGugNCE S BATG SR 1

i ncr enevhal £shepspringemeyabedan aZtudls f4A93eG21 adipedogasi e, appraach to
mat ch a,£inger BrigieBYifEl thndoiRndudr ARy LRI PUNRd N i 8

near est 0 a' cen sub- br artc ‘pOI n . sel ecte rom e near est
poildt tecmpesedseErsporaksinThachifggadpaant eyl @dsed be suldisagtam br anch

poi nts §psfRcheagi Qgiﬂlé_ﬁa?gﬁ?soﬁoébt &@g%steﬁltatai ¢AIRP Melqgumelkgach branch
point wth the master point and the sub-sub-branch points 1 n“each quadrant
are recHRdely 1% wePF @%a2FRéenuhBEF BF BPEnCKePS Rfs 2 FFEHE data are

subsequently used for matching. 10 In US 4 896 363 a di stance spectrumis
used for, fipgerprint, mtching., In this method,. a set of paints .
represéﬁ?%lisﬁ{g?l?ﬂe EﬁaEBEtéPFEFFElFéﬁﬁﬁpegfoP Elﬁﬁﬁﬁaﬁﬁqqnqu%ge and a
selof pefatenceptesenpatirsdiol dliekabanact€erirehice ffaaigwres iaftsa The
matching may also be for discrimination, collation, and/or

verification of the fingerprint.

In the following, the fingerprint which is to be recognized is
25 called a search fingerprint. A stored fingerprint which is
compared with said search fingerprint is called reference

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 is 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 generated.



15 reference image are determ ned, respectively. For each point in the set
of points, a spectrum of values representing the distances 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 varying at |east one of its coordinates of |ocation and

angl e, ﬂhbr%b@9bb6%ardi@pbmseeaan appraddht tonmk tohnat ifa ngleirphr iing diyf f er ent
from sai rin ut ordi Sai d
search prin fhﬂfﬁ%t ag%g c%am%$%§£ ég@ﬁ& QEhtBE Eﬁbﬁtgg %%a?% store%
prints. 9enteg 4 Ii%lﬁﬂh?rmfahspfpé@bohél thenosalagtiede fobmf |t|h§t n@r@(‘:e§écond

patternsdafc sed e@&é ViRl ¥ ENSE 8ht NUnac REHT ghbhbiY¥aft , seb3 13Qeef b@els%bor hood
conparlsoqh%?%ﬂ$ s representative of . the ¢l oseness_of match_and coordi nate

and or | %ﬁeﬁ?sl%ﬁfﬁééhnﬁlﬂb?FéEcﬁel8HS&FH88&§ of the first
and secmmdﬁm et weser édel. bEanJahspbmt wetghbhehaed te@mpaingon
signal s co score and, associ at coordi nate a

or|entafvggqaézgﬁggéﬁéﬁqgg?%ﬁ %O}%Eﬁe&?|V3F5 ﬂﬁﬁgéggﬁtﬁflv§e59rpﬁg as

cl osenese Iof a&ﬂtﬁeenmhh@nrdfnbr@nehdpolneﬁtaTheaeddapbaaeﬂents bet ween a
ninutia #ﬂ?ﬂ{ t f utiae pattern and a mnutiae

nei hbor 'ﬂgfgg%%%dfﬁzt¢%€%hfﬁﬁé conparison uses a plurality of

t hr @ 3 dlnen3|onal ranges of different displacenents in a

t hr eecoarfligyte systeam forqagddinge %@@@Puﬁxhi§eu9é@@§k0@§hgé%ﬂgﬁn%ll mat ch
scores whose assocj at ed, sets of di spl acenent signals represént

di spl ac @AY nlf Wit g Hagd th?e%eﬁl nBP OREF §eP5ﬁ§§nFﬁt6V&ePfto find
t he threﬂmdmﬁﬂﬁﬂﬁﬂﬁﬁlsﬁtgefaawmn@st@e alghﬂgérpomhtnedagatahdsaoset t he
hi ghest nbl o n L C v relative clo geness of
natchkxﬁé&? 4%1 ?3% ﬁ% secon%fpgg e?%é gigeéﬁsgﬁcbgsg uﬁﬁ?cﬁlnﬁ of
f|ng&rpmaﬂe;anc&kﬁmﬁqexﬁk¢rﬁQEEEmgm@dBQOeSEECElﬁQBYQ1Eodesachbpslatnethod
to matc [ I I 5 631
0723 hyper T Sader AbpraREn T 6 ekt o et o i PRgcr SRRt Rnk el 07
646 352 Tq5es k%?ﬁ?é@@fbdtfémop%l@'év@%@ ¢@¢hn@t1@ﬁrngo;zotf Lhgehpr BAtsof
wherein R ipald @ dateatdgt is formed by selecting mnutia pairs with
reference to a mnutia |list showing original position and direction data
given for mnutiae by principal coordinate systens prelimnarily sel ected
on a0seayschy arph Hd4 |ReddnygesPra nhe sk t hosehichastone2btdaha ekakhh
m nuti ae which are substantlfll% ggpendent of hg coordinatg §stens One
173 P nt-53

of the ®Forti MHEE Sk rehs 75 %e‘&awl%o%é #F hufiPEnd
providectxaﬂsmnﬁnﬂﬁcpbsldcaﬁuanuhmﬂr&m@len dh¢aehM|chtaialdgcadedebytthe

ori gi nal, c{d ity Al b rquk fR54 2 r@?éﬁdl% éfffé‘lé‘ﬁ'#' 204! 18f sbgcpai r 30

cand|date I st IS or ne %/premseyse ec 1 ng m nuti ae from
t he pai rprclaﬁdmavetlla sin @t hleafereme et sk ¢pandibrhed. positi spasms

dirgeti @h@?ct Fuigfk {6 Hrd Shpet e dDOSG A 1 06 able dhifGt1 98 datgrgiyvenrby the
ot her q§{pal coordi nate systemand to the relation data. On form ng the

35 palr Grditional minutia list is preferably formed which shows
t he transforned p05|t|on and direction data and the |ast-nentioned original

posi t 0ry o LOfY 98 d OCLISE WA M ANGLLGLPLLODE B B oA 1 DUt e

consi sts Of a se]I I nvari ant a m na eat ures o I'nger pr| nt .
It is aseosald masnmnnmmmy ¥ lect i veky pqmrmratug@ érptgeadhtdiyngfandtsi dge

ool P eyt il skt i 8L LpPRERRU e pogRcer € 1 e

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-



|1b tt is thus an object of the present invention to determ ne a degree of
mat ch between a search fingerprint and a reference fingerprint with a

" higher degree of certainty than it is pessible using the known nethods
descri bed above. 15 The object is net with a nethod, a device, a conputer
readabl e nedi um and a conputer program el enent for matching fingerprints
with feativnerss iaocol diamge® ¢ fiedihiflepentedisplacemen2® Annet liboekor

determ ni : e n. c LAgAQt pLi.nt reference
i nger pri o B R B BB e o e Pl et
sear ch fadal et qh IR 83 retoes aegponabedsartissedr dhspilargemsnitns ignerdseby
form ng 5 d0caln SR &  cahen€s Vifﬂx%% wmﬁgﬁr @ﬁratRngEeLa‘iﬁﬁen‘gﬁ%n%chnd

search feature froma second region of said searc I ngerprint thereby
for nPng XRRFOLE XEIREN? bt ethectbrecuferenpisaprdy sargrdhazdngnthe

conpri sesi 3 Sai ¢brith 1136d et O, s D6 etReNhNghasti Eshbihell akitky degree by
conpari said |local search feature vector. wwth a local re eLence feature
vect or N et ehte ¢ nﬁ%?p??ﬁ??lﬁftﬁ%g?ﬁPﬁFﬁgo WALEAJPEWRrEr i ty
degr ee bhhecdnpast mndas e @dd ghabaérsearch feature vector with a gl obal
reference feature vector of said reference fingerprint and using said first
simlarity degree, e)Determ ning said degree of match from said second

si miPar iBlp aed natghiryiee forgeeperntai hg dedeygibedofinmat ch bet ween a
search fgqaerpyd fo@nd a reference fingerprint conprising: a)Mans for
extracting at least one first search feature from5 a first region of said
search fingerprint thereby formng a | ocal search feature vector, b)Mans

for extracty oL BtolLasds ONLoS£CHNAe BI85 Cho fRat dher i hgayprigeandsiagi an of
said search fin e:%rl:’ nt.%?tlaejfl?éo form ng a gl obal search feature vector,

wher ei n &ditd &yt rises said first region, c)Means for
detefmning a first simlarity degree by conparing said | ocal search

feature e re W4 0 vegt f ' rence
finger prlxlngfsodrﬁ K§e§alnsﬁéor§_?§%$£ én?&lnggfagééic%%%l s]?%n ?él?(lgt §83%§F§5§§ y 15
conpar i fg ngEinpgirdbala twdukeh. feature vector with a global reference feature
vector of said reference fingerprint and using said first simlarity

degree, e)Means for determ ning said degree of nmatch from said second

si mi | ar iUy d&frle S50 TR e Melbhied| @ndedl 4oy heSi figr ampEehiath recor ded

t hep @on, £ 1w it Pr AGHEB i 4 pdBKecd M@ gHFPUL £S5+ eXgCHb BmadPH9Ccedur e,
conprising the followng steps for dete£n1n|n a degree of match between a

search fSi ﬁﬁqum%ﬂﬂf%ﬁrﬁﬁ¥ﬁ§HW%;h 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.



25 fingerprint: a)Extracting at | east one first search feature froma first
"region of said search fingerprint thereby forming a |ocal search feature

" vector, b)Extracting at |east one secong search feature froma second 30
region of said search fingerprint thereby formng a gl obal search feature
vector, wherein said second region conprises said first region,

c) Det er A nmigueibder eabnsiiBilkapift ¢ degr eF dynveipard ithdalisdDahaseAagch
feature ¥ec£or mﬁtg a Io%aL r%teEen&% f.eat ur.e %@_v.otor of said reference
fi nger pri K8 -0 H DePer fi ATAGSAPEABGd 15 ) & 137 He o T HORDSY i % i d

gl obal sEamgérpeantir eidget drivigeheaddingband efietgendel flreatakrsovect or of sai d
reference fingerprint and using said first simlarity degree, 6

e)Determ ning said degree of match fromsaid second simlarity degree. A
compat erOpf ogf abh el dhBALvARtéaess oo thelke tmewomaihads asecthe a

procedur gn€&rPaL Bt PUothentohhewhAagstrepulfor determning a degree of match
between a search fingerprint and a reference fingerprint: a)Extracting at

| east one first search feature froma first region of said search
fingerprint thereby formng a |ocal 10 search feature vector, b)Extracting

at | east one second search fse(%w f S ion of said search
fingerprint thereby formng a g o@légg}?%hwjﬁgﬁvector, wherein said
sec@fd region conprises said first region, 15 c)Determning a first

Simlarity deoirs PunCoBRRELNGrSEhd boedbatearch it Al A Mk a
| ocal reference feature vector of sa reference fingerprint, cﬂ termning
a secondegFe¢ o2 f tHabielyr betY§eRoApELPEG s il IgIrEFdnts daxck R fraferencct or

with a of ohedrpefetepcenf gahugRe20dugeter odf ceaitd intherenase fd ngerprint and
using said 1) rﬁé siml aréty de%ree, g) aet er m nl,n% said degree of match from
sai d sedOMFRHTILFHRY GRGr KBOWBSMBENPAS degsribsd @PC¥e -and gl obal

i nfaemation (features) are used, thereby enhancing the certainty of the
result. .Jhe result is ropust, to_a nonlinear def.ormatiaon of .an im f the
{1 nger prii Uoroto YarPeti BhthnapPELlars  and VA sr &sSoRE T izt 1o
further reetiamt aged of ¢tobmpuheenprogras, eflkaenthdoremadadhiisigd ast to conpute

t hereb i i |l e: for LN I ri.nt ri;fi.catl d/ or
{1 nger pr IRl A e (G eBRLARLENIcLLRITHR K8 XE R )
progr antfb? ¥ onput er device as well as with a special electronic circuit.

20
A method for determining a degree of match between a search
fingerprint 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.



~Advant ageous enbodi nents of the invention are clained in the dependent
clainms. The further described enbodi nents are valid for the nethod as 5
wel | as the device, the conputer readab$e nmedium and the conputer program
10 Said features may describe mnutiae of said fingerprints or a relation
between m nutiae of said fingerprints. Features nmay be used which are

I ndependent fromrotation and/or translation of the fingerprints conpared

With a gi veRcRordinals SHsteiMy 16 dderédVent {on-Heye EYELReL geupELhse the

followng features: ' said first region conprises a given first anount of
nei ghborf 3RgfuRTddt 'andhia kNG gl broRBPHENEeSOBPHL§EA9second amount  of

nei ghbora ) MeiHd Fdr 2kt radt the e Ne P Usthe | 511 3F I8EatBANFeaLd bl £3bm
anount . 25 %Q 35 The i nven |0@é?a further congrlse the foll ng features:
d i

Wi
' Determ Ai g ¥$4i FFIYE T Mg SATRYr BRI OFPRARE nFREFERE FATRAPY A rst
region, ' loetadr Meinuh fdmsirematedtdmcal structure pair of mnutiae by

using saiq first.sim PRAYA ' L gnj 1 mnpuiiae_in_sai.d second
regi on %&gjeegngn fsoz": ?%@%é%ﬁ%fgg%ﬁs%f%%%téljé:%o%%i ?fm’lfﬁfér §S§£P5meﬁamsai d
gl obal sear sleciosat wey hactaf .sdid sdanethef irgdopr eht thenedyf fogming a

simlarit ne I , ' ' i .ng ' grmula: b
S Wy FL)léll@?’%%L%ec%r(ldﬁ fé&ufzéﬁ b el 18 sOtoRd! BigIBATY]
whet@in  coMPIrijsess sEish A nsd S @BAN | ocal t hreshol d,

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,



Wis a freely sel ectable weight vector that specifies the weight associated
"with each conponent of said feature vector, S FLT is a local search
feature vector of mnutia kl, 5 "' FLk2 ks a |local reference feature vector
of mnutia k2. Furthernore, said second simlarity degree cg(kl, k2) nmay be
determ ned using the followng fornula: 10 ¢ g~kl, k2) = c¢ 1(k1, k2), O,
mherelnefDdﬂK%mxniﬁE&ﬁaxdb@egreersfbgatshaftpmebyldebechUIeumxﬂaﬂlty
threshold , 15" FG&l.b is a global search feature vector of mnutia
kl, R FGk |s a gl obal reference feature vector of minutia k2. 20 In a
furt her preferred enbodi nent of the invention said degree of match is

det er m r)ec&daﬁmgef "t?rci@féx@%l‘&né@f nwhﬁchrr&s tBRxakk, thNe~chggidr N1 and N2
are the nunbers of n1nQ$|ae in a pmon region_of said search fingerprint

and Sai F¥Ereft PLCE Hﬁﬁ%rTo?’T‘WElS3@98§hFhé§élPé’éPﬂr &8ePsyéR%a better and

nore rokisde ieiditidg i dedteyedt Mt ERr PESCRERThObler chHE iBGAWONGHt! GddE 1
s a bl ock a ran1qéla co utgr systemwhich is used to performthe steps
of the fethk I's a flowchart of the nmethod for determ ning
t he degmé@xﬁrauﬂxﬂg & Qs mseafhtsﬂtSQarohaEeatumetﬁmemoh thiorsear est 5

neighborh%%%fgdugfégéfé’§%£@5ﬂ”ffﬁgerprint 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.



~FIGURE 4 shows a common region of a search fingerprint and a reference
fingerprint. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred

enbodi nents of this invention and nodif7cations 15 thereof will now be

described with reference to the acconpanying drawi ngs. Fig.1l shows a

conputer 100 conprising ' a central processing unit (CPU) 10l, 20 ' a

st or age AdATTAJEOS ' ergporlnamBs ahdthe aknvaptipouspat claieetads o€ Sai d

central QURGRARHNG: Wds 101, said storage device 102 and 25 said

i nput/output-interface 104 are connected with said bus 103 for exchangi ng

el ectrical signals. Via said input/output-interface 104 and a first

382”“? irxﬁm mﬁ:ﬁm _d:ié‘Sl‘fmiL’F@d ?@@o&ﬁmmﬂﬁgstgdeia g?f_»i ag@r]gnbmh@an?gg 30

e Wt iC n i e 0 i ngerti i,s, taken,froma finger :

Furt%erﬁﬁ?ﬁ?EVﬁ§%§hi éﬁﬁﬁﬂ/%&ﬁrﬁébp?ﬁékfEﬁﬁdieieaﬁﬁdéu@eEBHdtB nnecti on

109, saicdmporgant grrafdams connected with a keypad 110, and via a third

connection 111, said conputer 100 is connected with a read device 112, like

a card 35 or a snmartcard reader. Via said input/output-interface 104 and a

fourth Sevisedisiadmress may dep eohpriteinubbase sofonpkdt Bdngprarangissprag 114.

10 Aft erre3aitd e betiwedf hasud fkeno Sad 4l d "BgggeFpkhge i ngertip, said inmage
is sent fromsaid sensor 106 to said conputer 108, where it is stored in an

inab% menory portion 115 of said nenory 102. In said nmenory 102, there is
stored FeadPWsLmay WeOdisdd hilichiied Imdesesatat copput ebtdB@opxecute a

procedure ¢ rising the follow ng.steps. _which will_now be described in
Cetar | 3R/ 2T ATRHAT R b ] o Ter SOk S edhoehaR WhER Ragevsh 10 t he
fingert icpok@inadeprsysd=em. m nuti ae, which are extracted fromsaid i nage
115. For each mnutia k (k =1, ..., n) a mnutia feature vector FG& 116 is

determ ned and stored in said nenory 102 (cf. Step 15 201 in Fig.2). Said
m N i a Theatimventdero maad e en manpess ¢ heh¢ of pblwwpng efearevsesxk yk FGk

ypk nk 20swher ¢ifstllregion comprises a given first amount of neighbor
minutiae,
® 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 [FLI§; - FI§, ‘ o
Cl(kl, k?_.) = b1 ' 1fW x [FLyq — FLyol < bl
0, Others
35

wherein



" xk is a first coordinate of said mnutia in a given right hand orthogonal
" coordinate system ' Yk is a second coordinate of said nminutia in said

" coordinate 25 system ~Pk is a directiog (-~ < ~Pk ~ ~) , which is defined
as a local ridge direction of an associated ridge of said mnutia, ' nk is
a mnutia type out of a given anmount of mnutia types. 30 The gl obal
charactetilsltits af fsaedynsalecaablehlasadaitthrfeisthstld;oor di nate xk, said
second ceogdj pat e d ' l.rect i = nt .t ition and
ori entatt oh bf 3afieefhgaptelidblElisting, Ferect Ui Sl LB WL\ "car
fingertip wo¥ght asgoriefiedThesh arehneempengmitow famad itd fiedtaiewector,

i nvariang . a, second ste step .20 for each mnutia.k qf. the image 5
115, the tS\%R ext i BFFQ{ geéﬁagj f?g%&& Vel Ta ?&Ef‘élr 'ehgﬁl.’ For each

m nutzi a K PLTL he.i 5 | gwi e f [ q ja are
dete%nined ( egszgg?sc%% ”SE??FE? igpgggg%dE%Eﬁgﬁﬁggﬁﬁgqﬁqgéu%%hutia
point k and apoint ofa first nei ghborhood mnutia i,'a seconddi stance dk,
bet ween ' ' m Qut ha ' ¥\ [ f S ngj-gh

mnut o TeEChrbRGEer QULUTRARAN KRR R e A
sai dpoi ndebermingdf upsngnehghbelhovdng Aermalia: a secondridge count nk,
between said first mnutia point kand sai dpoint of said second nei ghbor hood
mnutia j,"'a firstrel ative angl i betwsenjsaid first mnutia point kand
sai dpoi nt id fled Hg)rghbér Feqo, mt Mfyon|i<209' a secondrel ative angl e
~k, 18et weBYs d'Tigst m nutia pointk and sa%ﬂ: oi nt of said second

nei ghborhood mnutitd’ j,"a firstridge directio B, and' a secondri dge
direction ~P 25 Said first distance dk; is determ ned according to the
following formula: dki - ~xk - xi ~2 + ~Yk - Yi ~2 30 wherein ' xi is a
first codreFrdd®e of said point of said first neighborhood mnutia i in said
coordi nate system yi is a second coordinate of said point of said first 35

nei ghborhood mnutia i in said coordipnate syste ) Said first relative
TnoPe ol be ier hRebY ate PiFRE ol RbSR R samhg SPorRatRTs | 19
15 *® FGkip is a global search feature vector of minutia ki1,

R
®* FGyo 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:

chgoﬂrkﬂ

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



tan 1 Yk - Yi xk - xi Cki - 2~ + tan 1 yk xk 2~ - tan-1 Yk xk ' ~P k Y;. X

- ~Pk~ i yil xi J + ~Pk~if - ~<tan-1 yk - Yi - cpk Sxk - xi if tan-1 Yk
- Yl - ~k <xk - xi if tan-1 Yk Yil - ~& > xk - x| (3) 5 Said first ridge
direction ~Pkl is determ ned according to the followng fornmula: ~Pi - ~Pk~
~Pki = 2~ + cpi - ~Pk. 2~ - ~Pi + ~Pk~ if - ~<cpi - ~Pk 5if cpi - ~pk if
cpi - ~PRGSRE @4)isle Sdicvareounce Uitteamsthtid fer ddseeoniniryathee angl e

~k" sai d second pidge difrechicn;~Pk; are also deternined using fornulas
(2), (3), (4), res ecflvely, whérein the index i is then exchanged by the
I ndex j. 15 These features are independent fromthe rotation and

transl arTeoRref 3saisd af hﬂgﬁftﬂaoadahlsaétckddﬁ’iﬂ% td P SpHSHEadOt When said
flngirtlp 107 is acggb fte haV|n determ ned said features descri bed
abo for 20 eaPRiGRPPEEOR ﬁHQ%? oG MiTBY @7 feature vector FLk 118

is determined and stored in said nenory 102 according to: 13 FLk _ dki
dkj Sk'FTEbREPGIShows %k%dﬂﬁ Hﬂ%égidﬂ J¥<éfgearch 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.



'mherein 5" dx, is said first distance, dx~ is said second distance, X~ is

said first relative angle, x, is said second relative angle, ' ~Px, is said
first ridge direction, 10 ' ~Px, is saild second ridge direction, ' nx~is
said first ridge count, ' nx~ is said second ridge count, ' nx is a mnutia
type of mnutia k, ' m is a mnutia type of mnutiai, 15' m is a

m nuti a ASRr ofaifinsenegr 10pxhias d£akamneadd vimage deEcthbeds ingentim of
both thesfidogsag8diLaldedus #ibrhNgadgi 9BRILROAG Pftd hgaﬂan'ebmau%erAsloo,
menti oned above, “said paraneter m describes the mnutiae 20 _type, wherein
e.g. mEO'MeERadé ofS a SHUFE ehBi AP andags0 PeMek¥e RFTH QR d§é5b| ¢&r SRiichn.
ghe par éhlf@ﬁﬁcﬁfy nyig2desc i ts@acsaxgembrglgqmunthekee id h@tt):l&lt@alﬁraOfcdrd o
et ween the m nu and i ai anet er cribes the t ot
Che Bt aguaa Vb Ty €nirB RE*RE Gral ASBPGIoR nh0ts FEEFRCR anPaeenrs
obt ai necbdmpzcmr’srixgiethe\gfoﬂmywuhg etepsgs wiicdaiwikl doew bBaddealklrdaped Hor
exanpl e,gdfs4here are 4 ridges and 4 valleys in the neighborhood of the
ninutiaci Whith are to be described, px is a vector consisted of 8
conponents The val ue of each 14 conponent of such a vector may then be

0, 1 andr dgpengi Pehop mﬁigﬁadaﬁ ger 538999%@9 rltﬁg% %evq&da@é has no

endlng one endi ng or two ‘endings. The search for_ the ending can be done
for 1Phe tHt |#Jél‘?r?-’a"g’ep ah’ v%‘P‘F%’;'/lB?S| B BIRPELRG, sPBEFPi 8des erddisireshl y

Ther ef orfx;ori hea jpdraneg€rs15. and p describe the | ocal characteristics of t he
mnutiae in their respective nei ghborhood and are determ ned by using the

i mge of the 10 search fingerprint. The elenent of the vector is ordered in
such a vior tdeath thmendtizstkellenent, correspbndsmiputhe featese wewrtira f ound,
fol I owed, by the second nearest and so on. 15 Referring to Fig.3, for said
mnutia Kkallbcap derasninpedopngdhe towgdnday eatidhaegionnt HAB MhutSter s
shown includlng the features described above. For each of the mnutia, the
| ocab staQictiur Fig. i vi%l@tﬂimirmutbmrfq@uwranvscbyrt #6 kp driyfe netingut iage 20
axes. Afirs |s X nornal to the direction of the mnutia while a
second £QQS%P% OW%HQJ ?%Hr?% the minutia direction. The nunber of

m nutiae in each quadrant shall not exceed a nmaxi mum value, g. Typically,

t he nunber neighborhood m nuti ae taken into account is less than 6 and the
value for g in su¢h 25 a case is 2. In a further step (step 204), a first
5|n1Iar|g degr¥ée|cl (kl, k2) for all k1, k2 is determned by conparlng each
stored Iod&l slegy ¢ h feature vect or FLskI of the search 30 flngérﬁrlnt wth
| ocal referencle ature vectors FLRk2 119 which descri be one or nore
reference fing ints, the search fingerprint is to be conpared to in
order to verify or identify, respectively, a search fingerprint. 35 The
reference feature vectors FLRxz 119 of the reference fingerprints) are

forfred i"*&f/dhce in the same way as said |ocal search feature vector FLsxl
of said search fingerprint. 15

¢ 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 systemn,
® ¢, is a direction (-T < @, £ M), which is defined as a local
ridge direction of an associated ridge of said minutia,

M is a minutia type out of a given amount of minutia types.

30 The global characteristics of said minutia such as said first

coordinate Xy, said second coordinate Yx and said direction 9,

are dependent on the position and orientation of said finger



5 10 15 20 25 30 Thus it is to be understood that there are stored n | ocal
"search feature vectors FLsklof the search fingerprint to be
“identified/verified. Further, in case of identification of a search
fingerprint the local reference feature vectors FLRxz 119 of a free anount
of reference fingerprints are stored in advance in said nenory 102 or in an
externaﬂOSennrya@doﬁiﬂgmmﬁLp\HﬁnsﬂntHqﬁawhﬂnwsaﬂdrﬁﬁmggmtﬁpcbﬁheised to
the co 100 h %Qﬁ
verifi ggtglhgn og a\fg%asrec%r:‘erﬁlébt"jer %rbltt%tl{t d : er ence AF iR vectors
FLRxz 119 of a reference fingerprint, by mhlch t he search flngerprint isto
be veri frhed, saeenal hep sy etbzfromaﬂﬁeeacqp%nr@éﬂ %C@ffeﬁéuma&sctors

of the reference i ngerprints stored in the nenory or the external
menoty by théhﬁséf”ovpéxtthé‘ll{’éw-éd 11 PR%hrd .rr?piﬁeq%‘rﬁlay e, IRERFRERRE - or
the like via the read devr ce 112. Said | ocal search feature vectors FLsx~
are now_matched to s %ar@ %{ st.ored Iq&al refe feat re vect or

si'm

FLRkz. fgFnmrg sSigyf | LAs S i TP e drie ctlrt "”f’?ﬁ’ i ‘ﬁfﬁﬁt?ge k1l
of saldseearmhnﬂtngeapﬁrmﬁnﬂnmﬁnﬁdeXHtapraﬁibe k2 of each of said
reference fingerprints. Said first simlarity degree cl(kl, k2) is
deterntned according to the following formula: bl - Wx |FLkl - FLT c |~k
k2-1Q p*1a0figpthdistance dei-betwren @ Helres t\mingkia vpeinh—kwandwap, w-P-

W~ Wi~ WEEIWE oM Wl st Weal@idrhdeld kfnutill i,5 a freely selectable
| ocal tpreshold, 35°' Wis gn\r\%(ﬂq:ht vect or that speci fies the wej ght

associ at e@ SWPEANEAEHSEGRGEN WeETY Said %F%EKW%FUtlaJEPEPtFETaPQ a

| ocal SeaECboﬁﬁatﬂEGaVG@t@thheE@hWUﬁ&ddd rRridddéd 55, a | ocal reference
feature, vec or

m,nutia Kk ssrbler e of saldflrst S larity
degree cl f lrﬁg) radge Goung oy %e&ﬂ u]gl T RUR P f‘g]ﬁl ies a
perifsect nandhsaMdlpoahﬁkbf haﬁd-ﬂ@nsmpMeaghbqnnqndrmxnunxat1,

®* a second ridge count nx between said first minutia point k
and said point of said second neighborhood minutia j,
® a first relative angle ®,; between said first minutia point k
and said point of said first neighborhood minutia i,
20 *®* a second relative angle GM between said first minutia point
k and said point of said second neighborhood minutia j,
® a first ridge direction 9,,, and
a

second ridge direction @,,.

25 Said first distance dy; is determined according to the

following formula:

dri = g - x1)? + (v - yi)? (2)

30 wherein

® x; is a first coordinate of said point of said first
neighborhood minutia i in said coordinate system,
® yi 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:



In a further step (step 205), a best match of |ocal structure pairs cl(bl,
"b2) of search feature vector and reference 10 feature vector is deterni ned.
Sai d best match is obtained by nmaxim ziyg said first simlarity degree

cl (kl, k2) as: cl~bl, b2) = max ~cl~kl, k2)) , kI, k2 (8) 15 Said best

mat ch of |ocal structure pairs cl(bl, b2) of search feature vector and
reference featyre vactyyr + yinow used as a reliable cq enggnce of the
two conpared fi ﬁ@érg ints ALl oPker mi nith ge™wrl FaﬂéeISL Z%SQG _HaseBkoft fhis
correspondi ng 20 pair, i CH'wi | |_be named as base. Suppdsi ngtéai d base of

a T fingerprint]_found isi[¥p~YbyrPb~ , (b = bl ,p®) -then all the other
m nuti ae®et FhoZFespgedti Vg 'T"lggg“‘,lr r Mtkradd H@%CI:’L e re@pett —fo said

base mnutia. 25 Thus, fo *Each M nut i a, a gl obal KearCh’f eature vector

FG ~, is deternined using ype-fw])ow ng forml a,(step 3Q6): dkb ~~xk - xb-~2
+ ~Yk - Yb~2 ~KBT —tt@an | Yk}'le‘:—Yb*l + BGikb +f tPRbl k}—(x?bT% nkb®kPkR # ~Pb nk ,

t-1 k, k ~b,Y{ g) 30 kel mihe vector par a & s ffiave the sanme meani ng

as those used in the |local search feature vector. However, the paraneters n
and p being descriptive for the local characteristics of the mnutiae as
menti oned above are, in 17 general, not included in the the gl obal(3earch
feature vector to avoid unnecessary repetition. Having determ ned said

gl obal arch.feature vectors FGsklg, 5 they are_subsequentl tched to
Qo | Per A i ST b adEref R P ol o, BB sPUT AR SE SRl L T o
det er m rfedl Iowire Sarreulmy as sai d gl obal search feature vectors FGsxlb
using formula (9) described above. 10 The result of said matching is a

second simlarity degree cg(kl, k2) for all mnutia pairs (kl1l, k2) of said
search fingerpfPnt—dbik of sai difef df ehé®i f1 fgerprints. 15 20 25 30 35 Said

second s(hg%lar v3 J,dg,g_r ee‘z"%g(!(lifk‘@ _Lap]gle_ct_elﬁn ned according to the (4)
follow ng Tor ia(step 7).
T = Qi +9Qk, 1if@i -~ > ™
10 Said second distance dy;, said second relative angle ®h, said
second ridge direction 9,; 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 FLy 118 is

determined and stored in said memory 102 according to:



Cc g~~~ ~~ - c |I~kl, k2~, 0, if IFGb - FG-bl < bg O hers (10) wherein bg is
a freely selectable global threshold vector. Equation (10) increases the
reliability of the result because cg(kll3 k2) is nonzero only if mnutiae k1
and k2 are both locally and globally matched. This nmeans with ot her words
that the seco siyrilarity degree is determ ned by both conparing said

gl obal featur ors and using the first simlarity degree. Moreover,

t hrough the u TEquation (10) a soft decision is provided instead of a
sinple result tched” or "unmatched". Finally (step 208) a degree of
match ms is ¢ ig?kad according to the followng formula: Cg~kl, k2~ ns =
max~N, N2~ ' j(wherein N1, N2 are the nunbers of the mnutiae in a
common regi on cf. Fig.4) of said search fingerprint and said 18
reference fingerpr|{nt respectively. Said common region 901 is the region
where sai.d sear®#i fingerprint and said reference fingerprint overlap each
ot her usi "sqirgi0| ven coordi nate system Said conmpn region 401 is(3)
obt ai ned by t %psforning a 5 rectangl e 402 which defines a region of
interest of saitdckpference fingerprint to said search fingerprint by an
appropriate anpghg pand translati on anount as given by the correspondi ng base
information. This |s graphically shown in Fig.4 where a shaded region is
said common r gibn 401. 10 Accordingly, the degree of match is determ ned
fromsaid seconjsjmlarity degree and the nunmber of minutiae in said
common regi on o% spi d search and said reference fingerprints. 15 Two
fingerprints w ¥ be verified as that of the sanme finger if and only if
t he nunber of the minutiae in said comon region 401 (nmax (N1, N2) is

| ar ger %gggegnfirst predefined threshold N, and ' an area cs of the comon
regi on 'S larger than a second 20 predefined threshold S, and ' said
degree of match ns is larger than a third predefined threshold T. By taking
i nt g comsidenat isQn NGt Y Yitdieflegree of match, but 25 al so the number of
the mnytiae in said common region and the area of said conmmon region of
the sear cfof ifgdPdA fe o (he %% ence fingerprint according to this
enbodinEn@dﬁigfghﬂd“ﬁﬂ&éﬁﬂkeliﬁﬁﬁglé@@léity of the fingerprint
identifjcation/veri icathﬁg i S s%gnificaftly i ncreased. 30 After having
det er mi ned*a redAtd SHAME TSR W €RaF R Fingerprint is matched with a

ref er ente?f.i ngespriidntf iaerorndidige: tdi tdwec imi hod descri bed above, said

co tey 400.sends resuk} signal ,to said display 114 where the result is
35 . @dlﬁosglgggﬁcon ridge direction,

®

ny, is said first ridge count,

(7]

® n,, is said second ridge count,
[ ]

my is a minutia type of minutia k,
®* m is a minutia type of minutia i,
15 ®* my 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 ny describes said
ridge count, i.e. the number of ridges, between the minutiae k
and i. Said parameter px 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



~Then, the conputer program stops execution (step 209). 19 Wiile the
preferred enbodi nents of this invention and nodifications thereof have so
far been described with reference to thggqacconpanying drawing, it will now
readily be possible for one skilled in the art to carry this invention 5
into effect in various other manners. In the enbodi nent descri bed above the
two nextcompanhent pfasdch, ar gspeott wealyy thame deakin 1 rared chrdepemdingnod or
determ nj o] r f LUr O g el re i imt_ in 10
t he annukﬁggﬁeko&ﬁ%&%§§ﬁ%?8ﬁ§@%#8gd%ﬁi it i% nayw%élgg eﬁﬁ?n dggé bﬂ%é? The
enbodi megndgegcPrbEdoagddd ngsl-i dheoseaiof divg B endigiecan becdone

structurespaths ehtblre B2hgef ap@aneh 1fgaldd 8 v ectilachy, apbsef£Egnce
feature vector. In an alternative it i$ also possible™to use a plurality of

pai rs asT&IpPlr3PL¥y of bases, which woul d even inprove the achievabl e
reliability of the result. 20 Said degree of match nay al so be obtained by

sinply ing-the n er._of the matched m nutiae. Fuyrthernore, in an

o) Lor ot T Oe aro PR "SI BeemE R ETor B0 Bhav IaRs Y A Lse ¢ he

fol I owi nghgraceerdatios 2% dbeeminmitigea igaitdheiosrempedtista ucture pair
cl (bl, bge;gnBbPnE&bhFhkh hr'é!-gl%ltle:}:ml‘ilnedk%y( 1) n3P e %ﬁ%;&ded é;f?p 0t i oned,

that in thiS alternative, said weight vector Wi’s not urality of
basdd magedEChsEINPRIPKLEtcase as wel | . 20 ChAIMS What is clainmed is: 5
1. A nethod for determ ning a degree of match between a search fingerprint

and a reference fingerprint conprising the follow ng steps: a)Extracting at
Moast orbie: PLemenl B b, yPe R, A bn tr e da Suir Sy cHanrne

finger pribhtsthelehgntoesicngspohdealk ol@hgeaealt efseamingtiectfyund)) Ext racti ng

at Ieastfg?f?ﬁg&ogg sﬁgrggafggtﬁggg%ggg1%gﬁecond regi on of said search

fingerprrn ére ornng a g SPedflre vector, wherein said
secddd region conprises said first region, 15 c)Determining a first

si mlari§yrdeoree by oBP3Li BYrsabddl pealragaich of aaune |ty a
| ocal re%erence ?eatureggeétorro? sai%lreFerenéeafiné%ﬁpf¥ﬁ§%§€5%§né;wﬁ ni ng
a secondtis¢ ntvarnegredeyr selbhboshpan mgnesild gisolshlowsednetl Uddatdurtdrevect or
W ith a 0robah:£e! gLepeentaakbEe2OreCkALnObothd hRhYHANSe dl Ry Nt and
using sard first simlarity degree,
structure is divided into four quadrants by two perpendicular
20 axes. A first axis x is normal to the direction of the minutia
while a second axis y is tangential to the minutia direction.
The number of minutiae in each quadrant shall not exceed a
maximum value, g. Typically, the number neighborhood minutiae
taken into account is less than 6 and the value for g in such

25 a case is 2.

In a further step (step 204), a first similarity degree
cl(kl, k2) for all kl, 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 FL%; 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.



e)Determ ning said degree of match fromsaid second simlarity degree. 25
"2. A nmethod according to claim1, wherein said features describe nminutiae
“of said fingerprints or a relation betw®en mnutiae of said fingerprints.

3. A nethod according to claim1, 30 wherein said features are independent
fromrotation and/or translation of the fingerprints conpared with a given
coor di nfheissyidt drft WP bR rntdes trebrtial therearne2sbered B5lanedein ' said

first re@ QR FENHSRS Fediyed Fifsdr a@f@é‘“&e@fcl@%ﬂﬁ&@fpﬂﬂ'ﬂt kBepe Said
second reg| on CO;&) |ses fajgl ven second anount of npei ghbor m nuti ag, 21

sai d seddfd viex 3 &y Fheheti gl R ‘F%%ea%uh@en'slf;ﬂ\cﬁﬁf-ﬁado&éor di ng

to one efeart® didigerpk ik 4hd Wddel ﬁ@ﬂ@feﬁd:@gféaeufelbemagssmhé 159’
' or all mnutiae in.,said first

Det et m ni id first SI Iar't]y de r)_ee g
ogi B, eterfien MFETHestt it ti 1'5Ca - RITEREHRCBaf F© of CAFROL tHe by usi ng
sai d fi rastvasucm | iar |sta5acdetgamvsy H2 gor nin add exvetnak memsayd (setond region

based on3a) k%%%&ﬂ}f& 4)9%@4%?1 #%&%Egcﬁ' Eonﬁé‘?éggytg%glang sai d

gl obal searc ure vector cording to clarm wherein
said fi IC§F“pSJItmq 40 Widedie ORWt/owcut sinke efachel046 L5i Agsehet

f0||0“ﬂ%@ﬂ3¥ﬂaﬁﬁioﬂﬂof aNged R fidddrrikd, KPe Fobal PerdBedeenherein if

Wx | FL~ bl O hers
é feature vectors FL*; 119 of a reference fingerprint, by which

the search fingerprint is to be verified, are either selected

from the local reference feature vectors of the reference

fingerprints stored in the memory 102 or the external memory

by the user via the keypad 110 or input from a card, smartcard
15 or the like via the read device 112.

Said local search feature vectors FL°y are now matched to said

earlier stored local reference feature vectors FL', forming

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

said reference fingerprints.

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

according to the following formula:

25
bl — W x [FL}; - FLY, ] .
cl(ky, k2) = o1 : LEW x [FLyy — Flyp| < b1 ¢
0, Others
with
30 W = (Wdl wdl w@, W@, W(p, W(p, Wn, Wn, Wm, Wm, Wm, wP) ’ (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,



bl is a freely selectable local threshold, Wis a freely sel ectabl e wei ght
" vector that specifies the weight associated with each conponent of said
feature vector, S FLT is a local searchéfeature vector of mnutia kl, R
FLT is a local reference feature vector of mnutia k2. 7. A nethod
according to,claim®6, 30 wherein said second simlarity degree cg(kl, k2)
i s detere Fié%l ugkng LBeafiokkawchy feakited veetorro it i #E, | FGK~ -
FG-b4 < bg Qthers 35 wherein 22 bg is a freely sel ectabl e gl obal
threshol 8 YERtois & 1BEah irefarghakalfes¢aneh vieeatoar e fvecitrortiof k8 nutia ki,
R FGk2b is a global reference feature vector of mnutia k2. 5 8 A nethod
according to claim7, wherein said degree of match is determ ned using the
fol | ow nfhéopoasablegrange~of0sadd MfaxsN siddlariwhedsEigrad] antkN2 ke t he
nunber s 1 Quf { in ce n i 0 sahd,seanrc i rri ahy said
r ef e(r%encggf@ngeé%?ﬁ\t : k?% 9@2\ lgég?éee%g%lde?{gpm nilngmg)lg%%r%reﬂcﬁr mat ch
bet ween matearehiiengedpii nk2and § Aepddesce fHotgdr prismatedvpri si ng:
a) Means for extracting at |least one first search feature froma first
region of said search fi ngerﬁri nt Itshereb formng a 20 | ocal search feature
vector, P}MRaRerEBerextrRct Ph§PatOPeast 5FETs Sl OF Fle ¥ ¥4 % a
fsecond reging oi\s\ﬁai dbseaabcfgséhmgﬁ(rjméhmurbharee&mf QN rlgadﬁbf@rﬁtéil sear ch
eature yector erein.said, second regiQ Qpri ses,sai i,rst region, 25
c) Means ¥%? 'ﬂ’é?eYﬁ#‘\?ﬁng PFFSFmé‘P%dI'aSPE‘@ g’gﬁr el hcd‘r'?paql?trﬁgl%eacfgw ocal
search freatimezvegtsaidi fhrat| edalleeficyedegrieeatalr(&klved0r ax: sai d
reference fingerprint,

cl(bl, b2) = max (cl(kl, k2)) ) | (8)
k1, k2

15 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
20 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 said base minutia.

25 Thus, for each minutia, a global search feature vector FGu is
determined using the following formula (step 206):

’\f 2 2
dxpb (Xk - xb) + (Yk - Yb)
Oxb -1} ¥k — ¥b
= = tan - @b Vk,k # b
FGkp kb Xk — Xp ' ! : (9)
Mkb Px — 9b
\ my /

30 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



d) Means for determning a second simlarity degree by conmparing said gl obal
" search feature vector with a global 30 reference feature vector of said
reference fingerprint and using said fiipst simlarity degree, e)Means for
determ ning said degree of match fromsaid second simlarity degree. 35 10.
A conput er readabl e nmedium having a programrecorded thereon, where the
progr amg'esletna lrakett Herclomrd e¥n efdee utlee agprbabdaeeychbofipatsireg velsgor

fol | ow ng, ?flﬂ.[ &?é%ﬂ Ri @tltg&ldegree of match between a search
frngerprrnt and a reference fingerprint: a)Extracting at |east one first
search feature froma first region of said search fingerprint thereby

form ng wiekAlder Sepinfet f St r &1 Mest %ea?&ﬁxféégﬁkégv@Etb§§S¥‘G ng, second
search feature froma second reg |on(£ sai d searc rint t'hereby
r

forn?ng By GF LRI ARG tomer%rﬁrsar—areacs 8odgi on
conpri se@maﬁd‘e risda tegs Orrecﬂxﬂrs)lf.@“t;‘gr e ni, nghd chi Weiresidideainiinedieigt ee by
conparin d Ioc ch f eat vec t Ioca ref er.ence feature
vector O sar (5“ re ?rence?l n l%f Se%%%[ét)ém??ngﬁlr%gvgc 858n§&s“i“hi‘1 iy
degr ee WprowrhgariHg C%ergib%baab@e%rr ch feature vector with a gl obal
reference feature 15 vector of said reference fingerprint and using said
first simlarity de e)Determ ni ng said de (gree of match from said
sechbhid @ IESSULF &rs@e‘L d Jeprtehing cohpit SRCPRgP B &R BREKt ARAKER is to
nmeke thegqIpuike:) emcuiel amnmszmtgsaelmonmr skpy dhesholl suhrgnst eps for
determr}rﬁgade ree c{ tch, enaserchfrnﬂer rint and a reference
fi nger prii r?gtﬁaﬁalt ST 9s rstndeEP R FRature froma first 25
regi on of sai d search fingerpri nt thereby formng a | ocal search feature
vector, tr o] ar fe ty second
regi on og)l?érs %s%glé{r]a%ilr?e% d‘%eg { élg(]?forlgn@ g % g%g%’i'#‘ggégr ch feature
vecltdr, asleorsiimasdicd tim:cﬁﬂillr@gmm ﬁﬂﬁmlaeésmséﬁ)ﬂ first region,
c) Det er i ni ng a fi rst si m' I arity degree by conparing said | ocal search
feature vector wt ref e feature vector of said reference
fingerprint, d)Det a sé;‘fﬁ%bsr-nf‘ﬁ- Lt < teggree by conparing said 35
gl obal eature vector with a global reference feature vector(1ld) said
ref erence fingerpr tht and usi ng said first sPHIPESI ty degree, e)Determning
sai d degree of match fromsaid second simlarity degree.
.Aa@ ALAL. A" A" . As. ALA& A L. AAL9. AL?. A&9. As. A&U . As5L. A& & AL. A99R. A&?. ALhL.
A A ALuwhAgeAgm RE. Alsha “fyeeldyw s¢lectable global threshold vector.
f{vsih gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal.cal] ca] ca] ca] ca] caU].c: a! f_ #$

Equation (10) increases the reliability of the result because

cg(kl, k2) is nonzero only if minutiae kl and k2 are both

locally and globally matched. This means with other words that

the second similarity degree is determined by both comparing

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

“unmatched".

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
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10##510%iso the number of the minutiae in said common region and the

area of said common region of the search fingerprint and the
reference fingerprint according to this embodiment of the
invention, the reliability of the fingerprint
identification/verification is significantly increased.

30
After 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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VO0J17<Iig: 1 oIS et gture 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 (“E‘L - FL “)
Kl koMl 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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101" 1" jfgl owing steps:
a)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 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,
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20
wherein
® 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,

S
® FLy1 is a local search feature vector of minutia ki1,

R
FLgo 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:

c1(kL, k2), if'FGﬁlb ~ FGRy| < bg

cgﬂd,kﬁ = ,
0, Others

35 wherein
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region of said search fingerprint and said reference

fingerprint.
15
9. A device for determining a degree of match between a search
fingerprint and a reference fingerprint comprising:
a)Means for extracting at least one first search feature from
a first region of said search fingerprint thereby forming a
20 local search feature vector,

b)Means for 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,

25 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
comparing said global search feature vector with a global

30 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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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 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.



