, ~e3eTQFH6PT, E6 0 7 NOV 2002 METHOD FOR PRODUCI NG A REFERENCE | MAGE FOR
PATTERN RECOGNI TI ON T“Mﬁ“‘lﬂ“ﬁ“ﬂaﬂﬂﬂlnventi on relates to a mejphog {,O{ groduci ng
a reference i mage for ognition tasks. Pattern ecogniup n tasks
are becom ng increasingl yndst nportant. They play a role in conjunction
with industrial robots for highly automated production tasks, and in
particular for automatic identification of persons. The fields of use in
this case incl ud@ETHQRIFCR i BRORIECTENG X OREFORENGHt DMAGECFOASRATUTERENSEr S
and all 15 types of communi cation ui% nt. .Suifable personal features
for identification include, for egéggfﬁLﬂﬁﬁﬁLﬁiﬁﬁéin of the blood vessels
in the retgna, the structure of the iris, the length and shape 20 of the

fingers, the face, the voice or else fingerprints. The options for
i dentifying pdisonsnenthenboelates thesempshrdr §orapgodesdénigbed, for

exanple, in | EEE Spectru Febguar 4. "1t had.tqQ b u". Fingerprints
are in thiS(xﬁé?%ﬁ% d%|§%?%§ %%Etgiéggégeﬁﬁgﬁgﬂ}téﬁﬁ ?ﬁ%gsnnst reliabl e,
features. They can also be determ ned in a nmanner which is convenient for
the user while, for exanple, the pattern of the retina can be recorded only
by using a prdcddfe W ePIPStLAD| BASKAL 2F6r PEREMBBASdACEEREGNPAYNt I fi ed,
and whi ch,80 ¢ hus, be LN se.C I Leh:this effect is
irreIevan%? o?ﬁﬂ%gevenpdegﬁfgb?g%yAé ﬁgggbggneégﬁPrggggbyaéggefuI series of
experinents anichdistrsdl csobetshfondhighligl astbmagedppirntisicaien35
individual ly specific. Even in cases of .identical ., ., | ~.L.,0 7.NOV 2002
twins, the fi i e at B %%?tfﬁﬁi?chPF QP%ﬁgﬁéﬁctﬁgﬁnéﬁﬁéﬁﬁtGS”be very
simlar. The th | NG i S, f . by : ed.
papillary i ngj? f)p%r%oggse's Sa]}{éch%g{l?ép%%u%s}d %%e%%%%l%&ﬁ%é ’01911%5\%]:
alia, access control, automatic cash dispensers and all

15 types of communications equipment.

Suitable personal features for identification include,
for example, the pattern of the blood vessels in the
retina, the structure of the iris, the length and shape

20 of the fingers, the face, the voice or else
fingerprints. The options for identifying persons on
the basis of these features are described, for example,
in IEEE Spectrum, February 1994, “It had to be you”.
Fingerprints are in this case probably the best

25 researched, and thus most reliable, features. They can
also be determined in a manner which is convenient for
the user while, for example, the pattern of the retina
can be recorded only by using a procedure which is
unpleasant for the person being identified, and which

30 can thus be used only in those cases in which this

effect is irrelevant, or is even desirable.

As has been verified by careful series of experiments
and statistics, each individual’s fingerprints are

35 individually specific. Even in cases of identical

IR
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5 layers of skin. In this case, the so-called mnutiae are primarily of
interest for the identification process, these being end points, branches,

i slands or other singularities. 10 The fingerprint to be iggngdyi is thus
investigated to determ ne which mnutiae it has, the m nutiae Whl have
been determ e o YRE, t.h and .orientation
W th respectnfolgéé ghotﬁﬁkggrggéstabﬁgfhﬁg ufﬁa dﬁ?hlned in

this way descthég sppehirnger pei bergorpalelyy.. Tﬂeexpaaf@msaﬂf ad he basis
for conparing_the fin print to be identified with stored reference
patterns. 20 ﬁ%%gﬁFPrgPSEaﬁﬁlﬁpﬁmS? Pive thee Seiaalde hirdsis! arepdridee s

signi ficantly,pn-iHgequahi EX af ot feh t dary
aspect of qué?|t§ ?g In t IS C%geﬁﬁﬁgugﬁggb%?Q?ﬁﬁ%%&%%?%ﬁﬁéﬁﬁﬁé%ﬁ%ﬂ?n or der
to producé a Y&yereno€ shige which is as large as possible, it is known
fromUS 9 933 976 A for a 30 sequence of overl apping individual inmages to
be recorded froma finger while it is being rolled over a conventi onal
prismatic arrengenest caded tpe thesgliiRdi m%%llden%%s g6k 419 P& d 0i ned
together for a |arger overal | image. In this nmethod, it I's assune 2 0
7 NOV 20p2 thiRterestndpvi dbal mﬁage@ﬁa\temnwmml itheserd yoedingpl aced
with respect th te Acecar.din WD 98 02844 A,

t he conpil at |%ﬁdo§8lggg SEan@ﬂgE 5.513%% r%r]ﬁ |°%3L%V| u%g"ﬁ'rﬁf ¢¢85% known
for general iTmgefpngeepring appbecaﬂeamiflthelsntam@ qmve%dmyaﬁidon t he

obj ect of specif in% a, met hod means of which hi quality reference 10
patterns can be % b E@éaetbhFSPnWFﬁﬁéééefﬂ&n@ﬂﬁvcﬁ%§yﬁB@M§§QQI%?WQWnntlon

can be obtai negd rvb@e§ta@E@rﬁmqeaea&@du@l@c%t@%nQ Ma Jp% | 3 ,3Chingued
according to the invention by a nethod 15 for pro UCIn a'reference | nage
for pattern reesihnicohoandasksentahppnsivaght me sbelcltowiongneetamnod hetreps: - a

nunber of at |east rtially overlapping i mages of the pattern which is to
be recogni zed 1% ?%Q%P%éalf’eg'

15
The minutiae obtained in this way describe the
fingerprint completely. They are used as the basis for
comparing the fingerprint to be identified with stored
reference patterns.

20

The hit probability of the recognition process depends

significantly on the quality of these reference patterns.

25 A secondary aspect of quality is in this case the size

of the reference image.

In order to produce a reference image which is as large
as possible, it is known from US 4 933 976 A for a

30 sequence of overlapping individual images to be
recorded from a finger while it is being rolled over a
conventional prismatic arrangement, and for these
individual images then to be joined together for a

larger overall image. In this method, it is assumed

-2~



- a synbolic.internmedi ate representation is produced 20 for each of the

recorded i mages, - the synbolic intermediate representatiqu g& @ﬂf i mages
are conpared with one another, and the relative shift and HQY; of the
imges Wth respect to one another are determned, 25 - transformation is

used to mekechhe LHR kALELTRALA! ¢rb@RCHANANINS MM AldR A1 Ne

overl apping area and to determne the quality of the match, - "7if the
quality of tdésphtchdi wikteqeapectt to one iamodieedi @nel mepr exdnttatd .ons are
synt hesi zed to forman 30 overall image, - the overall inmage is conpared
with in each case one further internedi ate representation and a further
overal | i mgrctsraiagueedwbr ol Dhigs qunt,i lthd rednlpd led.ompokeral | image is
obt ai ned whi ch conprises all the -3, Q 7 NOV 20Q2 internediate

repr esentat i BASAHFTAikeudBapre freic Aindg idkall ixe@amiich knevinsd@ras a
reference i e:pLohahi | I f,tdhe image in question 5
bei ng contarﬁggeggzpﬁgfggy fﬁckﬁégkﬁfﬁﬁi%fgaﬁiﬁ?{% the reference can thus
be made as high as desired. The quality of the features which are | ocated

in regions of the reference i e whi ch have been recorded 10 nore than
once ?s consF BEr éBF’?“i%ﬁé’Peé%gg%ﬁda\?é’r aYé‘iené’%jﬁ‘ng iorﬁesrﬂeicd'rfyd'é’r? Be used

particul arl ynaduant ageadany ioff Whe patligih Juaibe v eadtiagRd i s a _
fingerprint. 15 The process for adding to and inproving the reference inmage
can al sdbe pahtennedcen bise PEedusEdoftq e nredspdas dirqsr otds®des by addi ng

each recogni Fngerprint: - r gni_z t - tqQ.t ref erence
i mage, thus %ﬁgpégggnégbﬁegaﬁgﬁﬁgenoggghgmb89}eqéfgagé{aFﬁﬁ%%%%ﬁ%Qﬁ in
this way, |irepeddakdabdesmameferas mnor injuries in the area of the

fingerprint, are recorded and taken into account. The invention will be

explained in nore detail with 25 reference to the figures, in which, by way

of exanple: Fhgs 1sShews eeRRLIRLTAAMEA thd NGRS Rivint i b 2 S MG R basic
illustration of the synthesis 30 process, Fig. 3 shows an’illustration
relatingt3o fhe asodsusimgt aofretflegeques iitmagsf fidre pedttedrrbetagesgm itthen

internEdiatetaskggr%%%%&%%ﬁ%@?th%n%a¥idWing(%éédga/s(gés:
- a number of at least partially overlapping images of
the pattern which is to be recognized is recorded,
- a symbolic intermediate representation is produced

20 for each of the recorded images,

- the symbolic intermediate representations of two
images are compared with one another, and the relative
shift and rotation of the images with respect to one
another are determined,

25 - transformation is used to make the two intermediate
representations coincide in the overlapping area and to
determine the quality of the match,

- 1f the quality of the match is adequate, the two
intermediate representations are synthesized to form an

30 overall image,

- the overall image is compared with in each case one
further intermediate representation and a further
overall image is produced from this until, in the end,

an overall image is obtained which comprises all the

-3



Fig., 4 shows.an illustration relating to the synthesis of an overall inmage.
The dark lines in the inage in Figure 1 correspond to 5 the f'ﬁ&fﬁghines or
papillary |lines whose profile defines the fingerprint. 9 r entire
pattern is not used for automatic classification of a fingerprint, since
di storti on cantecuediiamnet riep reventiagi quet twartih ss uss eradsld tmadfcttilgg r ecor di ng
techni que, the_ recording,10, pr.essure, and agi of the person in question.
The recogni t?SKeSroéélgs%ihsL,Chi 5 &6 t?zf‘sé‘dgr(%*%nr‘?élcr‘?atlﬁrfa@ea‘nd nunber of the
m nutiae contained in this print, such as the finger line ends 1, 2, 4, 5,
the points 3, 9, the islands 6, the short lines 7 and the forks 8, 15 10,
11. The typeThgodrere®ididYoofehat iagieaofof Héxe imatia ilde atestinm t he ot her
hand, relatiyely. i AN tQ t i d di.stontj, nd t sui tabl e
for an au omélggéng%r?lg%&tgr%\éteicgﬁlp&%%ceé?sqq rch i é}%&dlcaglss,aq{%e Og:lua:'ll}el zed
fingerprint redggeenichaicans thass@ye tweld rEBgh N &% idedirddie form of
gray-level information relating to individual pixels, is digitized 25 in a
first step, with each pixel being assigned the |evel black or white. Line
segments, whirgl @hg1dicst igr0Winshed A QY iR RArACI S 1sdd &% for further
processing, are dgenerated 30 fromthe binary image by thinning - |ine
extracti on ugegdoasnetthddentriedle rieq dendwe de ofh itdie Haveerman ecqdardeskanpl e
R W Zh et malr.e P te. oF{e% .Lsetct . s]i6 1%%5_) 126n7c1r2e7a5§ d I%}gl tizati.on and |line
extractioh a8 €arttdd OO\ Bt IFF6r IHE o5 1 FEATRGE WA T 1Dr ¢ he
inverted 35 image data since, by investigating the inverted inmage -5 p 7

HOV 2002 data, the independent information contained in the spaces in
bet ween the ENRgénVENdONc £ThEUIES a1 i lqFivh e % n 2994 okt r act i on

results in twe $ebts Qf tld e ot Qe Qfi 240 ¢hy de -rd'?téq:} g finger lines
and the other describes the spaces m@étmeen the%&l ge l'1[Ji nes. OMng to
the image recording technique, interference and special features of the

digitization_process, such ling .10 data contain plausible d artificial

[ he. seghbnt SPe; REpdesY G aiiie S men SrRPRee P et S ent | oned
net hod stepsimaigd hesalldeesedmnimedd fifertrantdiisde Rer sHHY hesi zed to
formfinger lines. 15 The foll ow ng) rules are used to establish the

probabl e fi ngeCOINAES oy BHAARS S8 ¥s EifEimS :each giRFIIMgdd | i nes are nore
trustworthy tfgg‘gte%g}ritnton_e%ac}‘f tljé%otgqg:ﬁtevg%)_rgatyet%q?f ofe 1Q‘HF‘nger line is

i ncreased by presence of par i'ng nes at a typical distance
or by the presé€rcenale fimager, |thvs daldressiatg Hald dueatitdi sdfarndes - short

finger 1]nes, ich are at right angles to long finger |jnes, |ose
credibi 130y, T84 CrencRe USRS MAiGse Jdhdd i S H IS Sth G HIIISH o

connect ed t0os0Re AROLNGILr RS2 AARIH e Y e shd &S desdiim | st of
features (mnutiae) and, for "'each feature, details of
are recorded and taken into account.

The invention will be explained in more detail with

25 reference to the figures, in which, by way of example:
Fig. 1 shows a pattern of a fingerprint,

Fig. 2 shows a basic illustration of the synthesis

30 process,

Fig. 3 shows an illustration relating to the assessment
of the quality of the match between the intermediate
representations, and

35



30 the type, .position, line width, orientation and quality neasure which is
determned fromthe nunber of rules used in the establishgg?tmﬁfg ss. The
features are classified by means of a neural 35 network. thi ﬁ%urpose,
t he value of the individual -6 Q 7 NO-f 2002 pixels - typically

appr oxi mat el §14764- shpysapgpl iidd uis¢ nalfd ammetls tdnga tof gdd fsymidreds irseur al

net wor k" ("Psﬁaghegvgkggﬁig%%e% Processing”, D. Runelhart et al., MT Press
1986), with e pi Xel's "béi ng Joribi ned to 5 form an i nput vector | for the
formal description. The neural network uses this to cal cul ate an out put
vector O over an internediate |ayer, with the output vector 5 in the

exenpl ary enbbi ARKK EdRES dPnGhei vdadleedgntEd Iuge dh e RESRIE five basic

types of £ealyresqi ihger print;. PLEIRAAY o1 rnk. to the right,
white for tgHtEhglhgie?, &?F%gieg’ I iBr?g)q,ll&%aqp%rskwthg%gﬁrolfé&&?, bl ack fork
to the | eft"defYhise ther i ingeiripe initghtHcore veef,t 't hde sortiihes dartarean ig 15 of
the spaces in betmegp t he finﬁgr,liﬁﬁ§ vu¢g1 r%g%p details of the
orienpation.?oélééﬁ _éPﬁ F&FP e s e E0r Pes fortds 455 Bfr'ditehi ng of
the finger |5RBceAdiis@8e tllon@and@REuIol agald Ry ed fiRAl Wt deads 20
to the network having an increased recognition quality since this inproves
t he capabi | i By resuditsoifndgies ¥ elsoraddry diaaiind queni rither estdarging nes and

m nut i ae., Bef.qr .S ural. network c used r..25 classification, it
nmust be orai %gﬁssﬁ‘ﬁr"s alggi § ﬁg%ugi né:l?\ehgrél%%rnoﬁ%oéiu%S&rzlooﬁldggft%leon al gorithnt

("Parall el DretpghutednPpeoessisnd’s, Bn Raw hdvaseet cal .thdVinkthkiress 1986)

30 In this case, patterns having a predetermned classification are fed
into the neufip HEP%GFKP %@hm tHEs QR hadaets Whd e f5iddshi p bet ween

the pattern andnthe €hassifieat 19%e ohas 1Q % NQY 2003 nEhe gl net wor k
whi ch has been trained in this way forns an output vector ‘for each inmge
detail appli@d tbeitisleodsribsi et Isdiovdl ddsiest 7 lead ibhe distqhst 8neur ons. The

ratio bg&¥eegoth?§e val ues defines the type and the

The type, position and orientation of these minutiae
are, on the other hand, relatively insensitive to the
sald distortion, and are thus suitable for an automated

20 recognition process.

In this process, the digitized fingerprint image, that

is to say the image which is in the form of gray-level

information relating to individual pixels, is digitized
25 in a first step, with each pixel being assigned the

level black or white.

Line segments, which are distinguished by optimum
characteristics for further processing, are generated
30 from the binary image by thinning - line extraction -
using a method which is known from the literature (for
example R.W. Zhou et al. Patt. Rec. Lett. 16(1995)1267-
1275). Digitization and line extraction are carried out
both for the positive image data and for the inverted
35 1image data since, by investigating the inverted image
-5~



5 quality of . the original pattern. If the value of an output neuron is in
this case very high in conparison to the other values, phegow 2Rry high
quality result has been obtained and the 10 correspondlng feature was thus
clearly associated with the basic type which is defined by this output
neuron. |f, dewveyethealddependuhputnfiermansohavenapinex at ehe t he same
val ue, then it has not, been possible for the neural network to aSS|gn t he
original i madR2ESS ahy EStVéﬁquBet;ﬁ@ge?hélp§§uFPnoPetWéepeéﬁﬁh@ﬁ

process is |argehysidependent of the position of the feature in the image
detail under Tonsideration. This intrinsically 20 advant ageous
characteristic of neural networks neans, however, that the position of a

f eat t b tablished di tly, th I t k t
Vi Tt ual | {G-88nB EERGFbET RSP B Couell 5B A6 meo WHeealrE Wt

adm ttedl y C@ﬁtﬁhﬂchhaeéaﬁbégatblée,fllﬁ@ter251&.Tesdlafnfdelt¢1lét d&we&t s. Thus, in
order to determne the exact position of a feature, the results are

conpared wi t AeoRE1RASt RBP FBRCESsABSRERWESN dVier fdpgiory Liimege Quidd s and
the 30 locatign,pf Uﬂsgke%eﬁedaﬁ S‘E'e%‘ﬁtn‘i%él%s fi%'t%grfte*l%n%%”ta%fd of the imge

detail whose assessnen e ne rk results in a maxinum This
maxi mum may bpedé&érﬁeaederODfexaepbeglmﬁzaﬁlmmupmpm@sbhesmehﬂnﬁnaﬁ t he

neur al twork to fo V 910 urr.oyngi.n over | appi ng i mage
ot ai | 5 4t ouBACE HEONRAYE BAEHBE PRGN BHE d iAo 18 SAE=Sivof t he
results in tEeaﬁtJFLgouadlsag area ls%ga\errn%l @wdu@e@omgarﬂh%on to the sunms in
the surrounding area of the adjacent inage 5 details, then the center of

this imge debaVEmEQtéeﬁEdeaeéboﬂhét@@équﬁm@cémeﬁésdum@nS@@“ﬁ@ésfeature. As
an alternati M‘fa% %xﬁ bkt Ee gﬂfgx%%i'zl%'de f%lsf: Lf'l%ég%ti:allz_tnye of the
acefi S to dete

results from overlapp i mage Fmine 't he exact
posi tion of features These quallty results are regarded as a scalar field,

and a gl obal maximumis established. The | ocation _of 15 the maxi mumis
defi ned ‘& tFBepégﬂﬁPHHHSfrﬁﬁésfééﬁuﬁée to establish the probable

finger lines from the line segments:
- long finger lines are more trustworthy than short
ones,
- the trustworthiness of a finger line is increased by
20 the presence of parallel finger lines at a typical
distance or by the presence of finger line valleys at
half that distance,
- short finger lines, which are at right angles to long
finger lines, lose credibility,
25 - finger lines whose ends approach one another are

connected to one another.

This establishment process results in a list of

features {(minutiae) and, for each feature, details of
30 the type, position, line width, orientation and quality

measure which is determined from the number of rules

used in the establishment process.

The features are classified by means of a neural
35 network. For this purpose, the value of the individual
_6_



The results fromthe neural network that is to say the confirned mnutiae,
are conpared with feature lists for known fingerprints, -l Le

candi dates. 20 To this end, connecting vectors are forndg?ﬂ@@wggﬂ t he

m nutiae of the fingerprint to be identified, that is to say the trace in
crimnal -i nvgskigat LOEy?:_@%@'l@'y' abp doxig@te 130d tehe i Cl%ntép‘f”p%l'iéﬂ Ry lae in
the candi date 25 respectively being considered. The set of these connecting
vectors is thBA ébpstpaPfed Dy¥egdt dloamarce neaxrdl wetelpukd’ pl aced around
each of the nj i f At . int ) Aray: all.the connecting
vectors mhiCKIgggégﬁegngE%?féﬁg%gﬁe%éggéﬁéyﬂgd'tgxeggﬁggjﬁgﬁﬂ on one of
t he candi dat elm nMITaerase NOB&ECt edhi thhe hee iaixy V30 lditedonty ety S are
entered in a _two dinensional vector space for assessment of the match ...
bet ween the EREMpPARNE&PYY VKSEREH Ic fitfedthiond rd@lodesgription AR 0a2

bei ng  epr esgaled1aReR, BN Wist nlsanald A eNA It RO S,
Simlar connecting vectors thus result in accunulation of points at the
appropri at e Pooseiroan dntkirseddeter lsyy®en, Widhnmithge owpwalvedtadt Uster. |f
a pronounced.clﬁ ter can.be f%¥ﬁ91-thththe trace aﬁ? t he candi date can be
regarded as B8 gesFﬁFW§}9r¥0 QRIS BRIV FTRY een the two
fingerprintswhschnciey &ase frdeeciakad Rydde cumdahdlePfid Re connecting
vectors, their ratio to the maxi num possible nunber, the nunber of

connect iy vééngesrrintocdhedecodtrsi:de e cligstkerto die tHahdensihitef the

m nutiae rec dy .T , fi r ar f e,.f.egarded as

bei ng simil a?gg? 58 Eg\%i %tg\%g’hirg%%ro(&g%%)i’t ;bloafcq{bel ng 0 atl'{neat ch, if
connecti ng vedgbts éedastk fforkattd edst I&Fx“af the mnutiae and if at |east
80% of these mnutiae lie within a predeterm ned tol erance band in the said
vector space. 25 If on the other hand, connecting vectors have been

“White fork to the right or left” describes branching

15 of the spaces in between the finger lines with rough
details of the orientation. “Black fork to the right or

left” corresponds to branching of the finger line.

A ridge (line) does not describe a feature, but leads
20 to the network having an increased recognition quality
since this improves the capability to distinguish

between simple (uninteresting) lines and minutiae.

Before this neural network can be used for

25 classification, it must be trained. This is done using
the “error back propagation algorithm” (“Parallel
Distributed Processing”, D. Rumelhart et al., MIT Press
1986) .

30 In this case, patterns having a predetermined
classification are fed into the neural network, which
iteratively learns the relationship between the pattern

and the classification.



determ ned for ‘only:a small proportion of the mnutiae since no identical

m nutiae for the candi date have been found within the rﬁs,pﬁﬁ@iml y
predet erm ned tol erance bands, then no match exists. This ['ack of any match
30 also occurs if, although connecting vectors are found, the majority of

t hem have diThereauraéngehsosk whiieht Aeisolbeenandatimes do ot sf lam any

clusters in ctor_sp 10 7O 2,0 p i_.ng Qn_the
application,yé?*?s?nosgﬁﬁgtbggftgﬁtgﬁfnﬁaggngﬁgggegg &g ggg%ﬁfg i t he
crimnology itel ddmpeiehiag thef vhluexi SIS thearf iviediovit@udl negitren s(.f or
exanmpl e for access nonjtoring sxstens) is output. 5 That candi date which
has the bestTratFatdp PaEHEPRaFPeERt SRdULS Aeddricde tihe th@s dedi 8¢ as the

mat chingefin i pt VEL4 ot RLS | lLy. the case if the result for this
candidatg di??é?ét iaﬁi ﬁgaﬁtFgEP%onF%SQ%ﬁé'results for the other

candi dates. An essential precondition for a successful recognition process
isin this case hi gh-qual.ity reference i mage (candidate). 15 This
reference inggetﬁg Bgiﬁgngé aéiﬁﬁgpﬁg §&hé et Rods gglﬁh *Fend&rgrint to be
i dentified, Hﬂ?hllnl§oﬁb§@i§§ﬁdt65thQ90Qﬁ%&sVBQMe%,fQ%E%r% kiegty Whi ch

describes the ingergtint. 20 I f possible, the reference i mage should cover
the entire fhhgbrgkphttindesndtl hashbeenoobtipdeieddansl thehe features which

ar re'%Xﬁ”tgé9£ﬁ%E8n3§ﬁ§9@Egkﬁpepm%%eiﬁusH%W%%%&y LS Ji% At iR case
when usi'ng 25°¢0 rcral Py~ avaiTabl e fingerprint sensors wth a

conpar ati vel yheanabhkisengpe aheéah usl eefitke biyngerns sutlpatedearcact.l vy
centrally on %he sensor duringﬁthe initialization process. The effective

sensor area f5/tRO¥eVEHuc@dl HRE PHEPMECHGHEONSH NEVEc 8P TREdE sy 30

difficult. ThHs, shRekpamienethadstt halk aueapdfend PodfaharceMmge which can
be evaluated is determned and, if this is snmaller than a predeterm ned
val ue, the inageailsnadwol® tonsisdépadthel brigdnzlHdmaz@pXoAeeyrding to the

inventiqg% a QQQBQE g& eqrtia!ly over| appi ng images B are now j oi ned
together~to Tformare Brénce i mmge G which covers a larger area than the 5
sensor area. This results in the foll ow ng advant ages:

The result of the recognition process is largely

independent of the position of the feature in the image

detail under consideration. This intrinsically

20 advantageous characteristic of neural networks means,

however, that the position of a feature cannot be

established directly, since the neural network comes to

virtually the same conclusion for overlapping image

details which admittedly contain the same feature, but

25 at different points.

Thus, in order to determine the exact position of a
feature, the results are compared with one another for
assessment of overlapping image details and the

30 location of the feature is selected as being the center
of the image detail whose assessment by the neural

network results in a maximum.

This maximum may be determined, for example, by
35 counting the results of the neural network to form
_.8_



The probability that the area of the image in question is included
conpletely in the "virtual" area of the reference can thu® 'Pﬁ ﬂsﬁ@ as high
as desired. 10 The quality of the features which are | ocated P gi ons of
the reference image G that are recorded nore than once is considerably

i ncreased by BV NI A5oThel apphod pragappesad lshar cgysbshiec image

| nformati on Kl K By 28, K2B1 g LA ¢ BCaR DEROLENEY LA Siallg and

repr oduci bl e manner rom t he I mages. Ris'i's e case, for éxanmplé, when
the i mages r elmatiehd osytaound fng ngseaf eger paknanotnt kemputrliisaes tef machi ne
20 parts. During the synthesis process of two over|apping images B to form
a neM/refereﬁﬂfiqﬁﬂﬁé%é O LBY FECRRE &P Aedr §ReOf e pREs 8RT #CeHEs 15R 9Ehe

i mges are fi fe?2 d i.n . ery . i.gi tization and
est abl i shrgrentcregéa%r%'bg%%&l f’rﬁésb‘%&@ (%r ?rg. Kg\g\tye]rlﬁtg igs,aettﬁlepir glsati ve position
di spl acenent defiined ads orhofundpuiveges poshti@speftthe Dewtwnot her are 30
establ i shed and are conpensated for by appropriate transformation of one of
the images. The quality of the match between the internedi ate

representati Qi 46 4 NedrAseeesetoashiel | 9¥sis- 4250 BolshEYe2082yse
correspondi ng pairs of points are | ooked for on the basis of pronounced

poi nts on th&he merkbivneh poenresuhisefigoporAl sFensurd eird aphé ngwo
representati Co i 0g I n , : d K2b 5 which
ori gi nat gafrgqmé"‘%%eeséeé‘g%f%g{ﬁp?ggér%S?chgﬁgwgi‘ﬁk?hg%gg%e%gt 88 width in both
represent ati dieatunted. one of the following criteria is satisfied: - the end
points EP of both curves are reached within a 10 tol erance wi ndow - one of

the two curves reaches the edge of the image - no point which is within a

predefi ned | igq LES (o] begsfQu ixt-h £k ect to a
first point<$?%ff?§3?{%§§niéﬁy£$%h%ﬁghg??agﬁgdsggpgmﬁgfﬁ%gnf%gigﬁe

correspondi nerelira/eg ¥oa 1 Kb {Rigui 8 85tabhésbedralhel éngeliioh blfe curve
segrment s, Kl a . and Kl b, and, K2 nd K2b ich haye thu en_made to
corncrdet s o P aer L LSRR PRe B ER ¥ Reb B R £PR5555 symbol i

representations. If the nmeasure of the match exceeds a predeterm ned val ue,

the two representations BA, BB, LA LB are joined to forman overall inmage
SL, which ar &homfgekts from the neural network, that is to say the

confirmed minutiae, are compared with feature lists for
known fingerprints, so-called candidates.

20
To this end, connecting vectors are formed between the
minutiae of the fingerprint to be identified, that is
to say the trace in criminal-investigation specialists
jargon, and the identical minutiae in the candidate

25 respectively being considered. The set of these
connecting vectors is then constrained by a tolerance
band, which is placed around each of the minutiae of
the trace in the same way: all the connecting vectors
which do not end within the associated tolerance band

30 on one of the candidate minutiae are rejected.
The remaining connecting vectors are entered in a two-
dimensional vector space for assessment of the match

between the two prints, with each connecting vector

-9-



25 in the described manner with further internediate representations, and
are joined together to formfurther overall images. The Pr gCERBY f@,f addi ng
to and inproving the reference 30 i mage can al so be continued I'n e course
of the recognition processes by addi ng each recogni zed fingerprint - each

recogni zed p rn._- t he reference.i mage, .t hus increasing the quality of
the ref erenc%&ﬁ&fﬁ@%gﬁ?@?eﬁ %%t gdpgﬁgr?gg’gi,thsuceﬁ’gé:} nalnr?Zr -13 Q7 fl~~l

2QQ2 injuriesriantheianeacefrdihatkisngerprint, are in this way recorded and
taken into account. A synthetic reference G which overcones the area 5

limtation of the original reference, can be produced froma nunber of

i mages B whigh_Fk ni J f sthi i i s in the
ref erence i nggrenﬁié%;agﬁge%%%%% %Sgo%g’t tgr?lﬁl%%%sﬁl.lﬂ%eﬁdg&%dol%produci ng
a refererice pfageihds p&t téenappecogniibiten licasiktsioncdnpritsiswgedtef ol | ow ng
met hod 5 stegs: - a_nunber of at Ig st pzrtitally over | appi ng i mages (B) of
a pattern whPBASFs 8T BaNFelodRi v8d1es FédBi ddd, - a symbolic internediate
representation is produced for each of the recorded i mages by digitization

and 10 establishing probable lines or shapes, - the synbolic internediate
repr esent at i &fs 230D TORGUNERGe S LUBE 84T €adomsariannd + heve tirotti@ce and t he

relative shi a r I f ed j & t not her are
det erm ned, %Ed-Qﬂ?a%%??%%%ﬁ%oﬁ%?sbﬁggggggﬁﬁgﬂéﬁfﬁggﬁ§%Eﬁﬁ?&%ﬁgdiate
represerit@tions coincide in the overlapping area and to deternine the

uality of t match, - if the quality of the match is adequate, the two
?nterrrgdi at e%‘@pﬂé‘?grﬁttgt i°5n§?’§r lgvﬂ‘tal%éétiyz tt“t?q"brtrﬂeaﬁwébqoverall i mage

(G, - the ofehaklprTREe ii$ GANRANAM M ddbBAUELANL tHE sum total
of the connecting vectors, their ratio to the maximum
possible number, the number of connecting vectors

15 located outside the cluster, and the density of the

minutiae recorded.

Thus, two fingerprints are, for example, regarded as
being similar or as haviag a high probability of being
20 a match, if connecting vectors exist for at least 75%
of the minutiae and if at least 80% of these minutiae
lie within a predetermined tolerance band in the said

vector space.

25 If, on the other hand, connecting vectors have been
determined for only a small proportion of the minutiae
since no identical minutiae for the candidate have been
found within the respectively predetermined tolerance
bands, then no match exists. This lack of any match

30 also occurs if, although connecting vectors are found,
the majority of them have different lengths or
orientations, and thus do not form any clusters in

vector space.
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further internmediate representation and a further overall inmage is produced
fromthis until, in the end, an overall inage is obtained which conprises
all the 25 internedi ate representations with a useabl e naﬂdhﬁﬂ& el, and
which is used as a reference inmage. 2. The nmethod as clained in claiml,
char act eri zebepentiialy e that appl itfce themr,e@dnisted i sttee fhexgerprint. 30 3.
The nethod as _c¢lai,ned in ¢claim1, characterized in that, the reference inmage
is at |east Bﬁ?FﬁéFﬂyCBHQhﬂaﬁfﬁ HQ9ﬁ3%§iﬂQ$?(ﬁ“t#h?r%ﬁiﬂﬁﬁ?%?ﬂyprocesses.
-15 . A AF% AlF i A& AEAS A sAY A AN A A st AU AS AASHIRISK natch

| wqj e’ [ V] ca] ca] ca] ca _ _ .

U]\/] cia\/] cia] cFéF}@éLRg%MF(?S]fg?‘] i@&]c@@]scaf]%‘a]f(%]m o] o] ciad cajtriitea) cal cal c
a] ca] c*a]ca] ca] cRa! g

LSTa5\/ DéY} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] cahea] eahnedldealec afhdalhc ajacalutal dada! gt ite <« [ icgd e ! Y] ¢] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca
]Ca]ca]ca]caY@&F@éﬁv%P mirutiae 'is then defined as 'the matching
I>glr! " h" n'g;#9 > 1 YR XIPEBE& {val gl ] ] ] ca] cal] ca]c
a] ca] ca] ca] cg]lflgi%] gﬁéﬁai@afﬁe@]@] cal cei]sga%ﬁq cda%af%afija’]ggdaﬁa] cal] ca] ca!
"X((g‘)))**kﬁgﬁ%t*ﬁkﬂ#&#8&praﬁﬁﬂdate diffirs si%niﬁic?ntﬁy ﬁro? { cal ca]
-W--S.._1xsn ca] cal.cal calca] calc ca] ca] ca]calca] ca]ca]ca]calc
a] ca] ca] ]c%] cg?‘gaflgﬁugg}scgé]ocra]tg‘a% é’}}hcea‘} cca%rb%d.cafgeasl vill1

1111111) 2] 22239333334D4A~445R555*6{ vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]qa]ca]ca]c%Jca]ca ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! *6\ 6

667777772777 B8XESSEIFIGI7 pyragonditipn for "a successful ‘recognition

i< | gb .cal; .3],C¢ ; ;

cal ca} \ég] ga} éﬁ%ﬁ%ﬁﬁ%ﬁﬂ:@ﬁ:ﬁ%}g élae]c g’]alzhg'ladrgﬂ%@éﬂzﬁéieﬁ%{iﬂiﬂé;%gm
AAAABBCuU Cx CCbldinziijalefta\)\)] | ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca
] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! NDODSDTDXDYD] D" DDE&E#F
FF GHHHH! H#H) H* H+He HHHH
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process. However, this is not the case when using
25 commercially available fingerprint sensors with a
comparatively small sensor area, unless the finger is
placed exactly centrally on the sensor during the
initialization process. The effective sensor area is

thus reduced, and the recognition process made more
30 difficult.

Thus, in known methods, that area of a reference image
which can be evaluated is determined and, if this is
smaller than a predetermined value, the image is not
35 considered.
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()-ll10W”H&4Ré pfgbablfity that the area of the image in question
is included completely in the “virtual” area of the

reference can thus be made as high as desired.

10
The quality of the features which are located in
regions of the reference image G that are recorded more

than once is considerably increased by averaging.

15 The method presupposes that symbolic line information
Kla, Klb, K2a, K2b, LA, LB can be obtained in a stable
and reproducible manner from the images. This is the
case, for example, when the images relate to plan
drawings, fingerprints or the outlines of machine

20 parts.

During the synthesis process of two overlapping images

B to form a new reference image G, symbolic

intermediate representations of the images are first of
25 all produced in a known manner - by digitization and

establishment of probable lines or forms.

After this, the relative position displacement and
rotation of the images with respect to one another are
30 established and are compensated for by appropriate

transformation of one of the images.

The quality of the match between the intermediate

representations is then assessed as follows:
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point on a line Kla, K2a within half the st

thn image

o a first

ep width on

15 the corresponding curve Klb, K2b (Figure 3).

The overall length of the curve segments Kl

and K2a and K2b, which have thus been made to coincide,

is regarded as a measure of the match betwe

20 symbolic representations.

If the measure of the match exceeds a prede
value, the two representations BA, BB, LA,

joined to form an overall image SL, which a

a and Klb,

en the two

termined

LB are

re compared

25 in the described manner with further intermediate

representations, and are joined together to

further overall images.

The process for adding to and improving the
30 image can also be continued in the course o
recognition processes by adding each recogn
fingerprint - each recognized pattern - to
reference image, thus increasing the qualit

reference. Furthermore, limited changes, su
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images (B) are compared with one another, and the

relative shift and rotation of the images with respect
to one another are determined,

15 - transformation is used to make the two intermediate
representations coincide in the overlapping area and to
determine the quality of the match,

- if the quality of the match is adequate, the two
intermediate representations are synthesized to form an

20 overall image (G),

- the overall image is compared with in each case one
further intermediate representation and a further
overall image is produced from this until, in the end,
an overall image is obtained which comprises all the

25 intermediate representations with a useable matching

level, and which is used as a reference image.

2. The method as claimed in claim 1, characterized in
that the pattern to be recognized is a fingerprint.

30
3. The method as claimed in claim 1, characterized in
that the reference image is at least partially produced

in the course of the recognition processes.
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