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fingerprint. To overcome this shortcoming in personal authentication, a number of biometric
techniques have been investigated. Biometric authentication capitalizes on some

unique bodily features or characteristics of a person, such as fingerprint, voice, hand

geometry, face, palm, and iris pattern. Among these biometric features, automated

20 fingerprint identification system (AFIS) has provided the most popular and successful

solution, mainly due to the unigueness of fingerprints.and the historical legal aspect of

fingerprinting for law enforcement.
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to the local directions of fingerprint ridges, which are oP2 &imec)0ér om t he
orientation field of the fingerprint inmage. Prior art for pre-enhancing
‘includes finding an accurate estimation of the orientation field using sone
advanced bW 0l i cated nodel s and enpl oying a gl obal é’ﬁﬁé?ﬁﬂ?—f\m%?t
technique (e.g., M t<ass et al., "Analy 2|2ng Oiented Patterns”, 25 Conput.
Vis. Gaphics Image Process, 37, ' 362- 385, "1987. N. Ratha et al. ; Adapti ve
Flow Orientation Based Feature Extraction in Fingerprint |Imges”, Pattern
Recognition, 28 (11

Orientation Mdde 8%51 a]i ég%?%rge%ésr ?1 g\t%?gﬁ o&% ﬁ%#ﬁ%ﬁplcn?[gﬁgwﬁﬁﬂfﬁé

Recogni t i on, m@q b¢ Aple td giffarentee tworlfeant fingqensigtstt F‘@ﬁ@e seernigly i9eplid Gues are
usual 'y corrptu% AUnkr2NE eYe SPRNGiN RneNSK Qeﬂgé?pmsss cﬁQa&éﬁzbabdyem‘eorrnewost AFIl S

solutions that require’real -time processin

pr eenhancemmqué@%rﬁetﬂJ%écﬁ“P‘i‘ Jpingidgl At e &1 tt?ﬂ? Esr é"r{?'Lf'F%?l PeisBrafdt i on and

then esti SIT_Ht %sﬁwe{:r%'ae@éa%iaﬁ%b&dt &Inder Sl Bi@%tcnﬁw&ﬁuuﬁs tte6 hﬁgeqprmtsklaatng t he
NI ST's FF 22 June 2004 WO 01/ 4[%681 PCT/ S0/ 0({) 3 hased d (e.g.,

G T. Candel gontainy 16jor morggshiaihs metqpingd; minHiaeAfe redisteed Ay |°8%'P?‘B‘ﬂ tion
System For Fipgefimfer bt the: stﬂaI Zé?ﬁtihl A$iatresull @ sobceStfaintRis dsusaimdvel etcdngol ogy,
i

Uhe. FFTbascamRaon B0y, Faberric et coroBnf Buaheid Mefh dfientl 0, °

Directi onal ﬁwﬁst%r dverrtdal-@mé)pecesdirapetioiniEBcdi sual | mage Signal Processing

| .
[rlieringdis al sdvekaonrts el et st & RickioaR BR6E FtibnnRboriie ™ Or
i nfage. Ivany bridntations filkenivg, rige thimhirs, frgecprinbiegibiratige apd wntghteﬁa@,eécfmrﬁ&ﬁr@errent
(e.g. Corman et u%a% Nﬁn? Ap%o%mngggﬁxtngﬁ@ﬁﬂf;sr@%m@nbérﬁémD&%s'egrbe)caﬁs%t tern

Recognl tion, Mehtre, Fi ngerprint inage
anal ysis 10 fegardiss ommmacqlulsimmtm¢th%@l‘i€t)¢ﬁwcﬁ/é@ﬂ??h@"w'§le&ﬂ” ARIIASBMP®at i ons,

6, 124-139, H}?g%ﬁjrlnmgg%rs Shicts ophcél@g&rf iok hridFe fe8sHitg, ”seﬁﬁéonﬁhé‘t&eéeﬂﬁérﬁ)t

Enhancenent " ernational Synposium on Conputer Vision, 109-1
1995; and5Mafingeqtrints| are sueplila towaagHsSersef MSpggttqn@gd paisa.dRsluging bjotches

Fi ngerprintsg RAMisea¥®!(cuts Snd I Qﬁ 40 skRnuary
1997), adopt cas Egﬁt% gﬁﬁfg(é;[nlln%%neﬂf‘ skin\dlisea¥® l(eutst <bn NQaelrJg sRirly;

[ter th E||THEUS|[198' ez% (?rl ntati on
filters, 15 eonditionégithertep wet 2eNdrioHRRS PROA:: OhioR aé'éoqgr PRI Bcal e
i mage di rect abult, Agétp %t"'fﬁécj@éhhléﬁwms’ne@ neamntmsuﬁpressrrmﬁeatrmmm c(oatrgst Kasaei

et al., "Fingerprint Feature Enhancepent. ion On

Reconst r uct eg"q g\‘i&@%@ae"’@@%@ O”BPEE@ Q!?JSHP%'% f%&ﬂﬁn efaﬁ"ﬁéonf erence, Speech
and i magQOTechnoI@@n&ﬁoﬁ@ﬁlt&‘@ﬁfﬁ@eh@gnyamédTc&hrea:gmrmﬂmamaeatenbamprdingrtmﬂ@edi ngs
of 1EEE VOl | 1 2033 %ngl 907 BhALTRIR S bl el R lo ol 0

class of filf% rlglna Image 1s |rs rotate

particul ar dﬁngemrlnoumatge peorfaotfon ptrhenlmnmemtrﬁluﬁ@flnﬂm Be AEGAte aﬁtﬂn%ﬂﬁ@ﬁf rot at ed
back to the 9{{ %tl ?ét?%tsfng @omgha’d%r{c% ?Ef EH?anEé?é‘oe%délg‘taF\@@Hme%ss of
accuracy due %uan ization no rotating di screte i mage, which
may subs equelgtobgl enbaodemenh tetch@q\emfeemt Moﬂﬁaé‘?r ef all. sé“‘?‘rYZmSt Orented Bali@tBair di ng

d t hi "
;:c f ggt : VI g:%)nggh?/ P E;'ré&{hlcc):g(rl:rh @ro&éé@s?ﬂs 3651889/ 1§$‘pV\N RAAS et e “Adplive

er rint feature, ex on.is
pr obabl y u5| rfflywdi)mat@&ﬁﬁﬁﬁﬁ FW‘P]EWﬁC "dbﬁf“@%’@ﬂ“ PRReSH ﬁé S‘F%?ﬂ“' Pdges are
thinned into 39' 281 X Y637-1873, @égsvmasyaoa a(PnPA/Nemﬁhe@i Gieintdtioh dAcziet foe GIobAULL | ae
are extracte

t t f eat
oS ant | on piiscaplon oo FGRFLRGS nEalsr, Beapatar ek, (2 BIEI Y Srdchg, T of )1 e

"Direct G ay-nggahidys thddedehhRiieckre Q@udlm chmpgatiopally eisshsive, EEE HEncaiesst i ons
on PAM, Vol

o A o ssible e st AT aetons ERLR s T e e RBRbCAR or frawever)

enhancement techniques first accentuates the orientation information and then
estimates the orientation field. The most famous technique being the NIST's FFT-




22 June 2004 WO 01/48681 PCTI S0/ 00199 4 direction. Further, many

power ful thinning algorithnms have been devel oped for Chi neg2 Joies2(dt er
recognitions but they are generally not applicable for thinning ridges in
fingerprint inmages (e.g. Chen et al., "A Mdified Fast Al gorithm
For Thi nniw01386filt al Patterns” Pattern Recogni tion Let FgT/ GO“ 019%9 106,
1988; R W Zhou, "A Novel 5 Si ngl e- Pass _Thi nni ng Al gorrthm And An

Ef fective Set O Performance Criteria", Pattern Recogni tion Letters 16,
1267-1275, 1995; and Zhang, "Redundancy O Parallel Thinning", Pattern

many et hodBASH TRANAIG It SGPETRaFt dn PHBREA I HBLEe S IRE  not hods
are the nos t\u@ﬁpuérasymp Foakihgsprings” gNatlaaalhrastrtgtte eﬂStandapdslmrdlmtmdrmgye
om0 Y Sham3ks PRESSE IO, Alb MopER BRARE Some biEER JaARYy mEM. 18 (8),

799-813, Au Sua'i@gﬁ e’'ise 0 0si tiona
ori ent at i onabksddhethodite. gonSheriodaethal ai‘frivgarpring EH@HC%@M&Y&W egtional FauriReal - Ti ne

Mat chi ng 5SY%ht8m§gg@ L 4B bG5S PRRESRRARR 141 (ool AR 108AM ) 18 (8))

799- 813, "Au "Aut omat ed Fingerprint Recognition
Using Structur aIAft&therpmgﬁhanémneré,rqtiemewpfﬂtﬁftﬂgdnalsqsomwew)’ us@hig ﬁsrtmr 1990;

Wahab et al v i Pr oc.

| EE \f sual FH%%‘& §S néaq? %@eg@e?‘ssr Grsﬂ%q{fg% d@&lrgr%o?ﬁg'ﬂgééé?]}

al ., "Fast Ahqgmr@rthlamﬁtﬁnt fecg. rﬁormam teba'n t‘\éleP?Féﬂ Tq RipgerpaH Fites D?F*'ﬁrnsl at | ons,
Rot at i ons Ay St ﬁeﬁe%ﬁﬁﬂm 22 (R6H36 %ramgagommlr\téh@e F@wf}nt Plabe 3/ysid 997) , or

possi bly toge ge associ ate the m nutr a (e.q.

Join et ¥l . foraatonmgc Idéeﬁﬁpattojl MB@WYF'@&?F%N@%‘P@%QE?‘hé39¥|193%&?{‘1
Prioc. | EEE, 85{9)4 JQ%G%t%?’afesfgh9%9 Fln@@FﬁﬁntmE‘ﬂHéﬂc@m@ﬁtse@"rd@“h@ﬁﬁtrbr@' enent

registration baée on on wmnutra er L éare usyal l'y sinple
and fast |n8<ymwpwatqncﬁpmmtﬁré(r%9n 19914 @ﬁ%s@d 3ipshal dBeA FrREPHS on t he

l'ocal i nfor iRLitaR Hfechorf rhrm@érbhhte't rEErinmnsa@mtonwew/ ‘ham:u @lot hezmmtl uence
of fingerprint deformatio

I'g% Wt de an unsgtlg flene% eﬁt' stration.
To over cone JeRyagy b?%blaéﬁ?tegﬁﬂ?t He ! %é*f%aﬁg PHAT @ S9BY 8 QrefRECTH TSRl
feat ur esympf dnBandiv deive tiafRelmARNMitetie fncpm(he dray-? qul@ mhagexdirgplye Béchsaich

met hods i s to use the eneralized ra t.
Real - Ti me MiPdMidh Padled S1nElP &rpcj'g'? ﬁ'%né ‘prIp(?i ‘In Bgatgsgagﬁ ‘gbmﬁEFlemféAans
PAM , 18 (8)EnhZ@Rn2hBUsiAy Glock-DR&dpn tan Resohstrustet Hma@e” r BN GON 897. #REE Thi s
approach al | caonsi derati.on of cant I ed
mnutiae in F? 1% %’t’ { ?{HB’GEC TS Hé%crhe ‘H?Bécjf)rba{l}t) a%teg for é%&%%gé 2004 WO
011 48681 5 H@Ec&mﬂmeﬁibaa Proceduingmesif gfc&liedolrrat%ﬁra@g bﬂ%raétemmﬁrﬁtm aveidn, the
mat chi n 3@6{1 oftg'?au% Bals &gﬂg cah dfo' él)ufh% drigibi %@ﬁéﬂ'r@?ﬁntdt@d tdig i nput
orr zed pe

pl’l nt b an a SOI’] npari n(% e Sscore agar nst a

pr edet er ni nemtrt@eleudmoyon b egmhdhﬁéﬂﬂ@am&fﬁm Baharanyrotatetbbarkste g ed

formula for hﬁthhrF&uatcor'ﬁtrscP&RHhaérbéB%s iftradiuYaN 108y dff‘d%cﬁra&y @Ju@ftotth@ 5
nunber of ma d mnutiae to the product of the nunbers ut and

o o i B Ealoneisccat AN & S5TEEITun A TRnSHbeSeamL R UL o bo
mat chi ng f orgddctioh o fase minutiae.

25 Regarding ridge thinning, the prior art has consistently shown that the most
effective and robust approach for fingerprint feature extraction is probably using
binarization. With this approach, the fingerprint ridges are thinned into binary lines of
width of only one pixel before the minutiae are extracted. Some prior art avoids
binarization by performing the feature extraction process directly on the grayscale

30 image (e.g., Maio et al., “Direct Gray-Scale Minutiae Detection In Fingerprints’, IEEE
Transactions on PAMI, Vol. 19, No. 1, 27-40, January 1997). Such an approach,
however, has the drawbacks of missing minutiae and inaccurate minutiae position and
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's_gener at eyl find ARl B BRRERS roo kol 8RBT IERDIAGADRIAL(D Of the

present |nven fon W apparent fromthe det aile descrl gtl on

gi ven he28i né).t%99-81BioMia,.c¥996) ts@ﬁmﬂtwdbé“’t‘}ﬁﬂﬁ it pesitioe! anf @neitianple g
description aRgmaRRcdrbach rﬁmatmle@SRatmwa@ IARE A Firie\gateHieg SysterdlFaraag@ nent s

changes. and Foasim SeiagasesEHE ot aAui 115 S ELafE: oeHEefanaal on wi 1
become appar eQftorhdled PRGErpAMti Rdcognilion Wiiey Strmctdraldmatbﬂﬁmg§ Hattesm IRedogiéivor i pt i on.
23(8), 893-904, 1990; Wahab et al, “Novel Approach To Automated Fingerprint
25 Recognition”, Proc. IEE Visual Image Signal Processing, 145(3), 160-166, 1998; and
Chang et al., “Fast Algorithm For Point Pattern Matching: Invariant To Translations,
Rotations And Scale Changes’, Pattern Recognition, 30(2) 311-320, 1997), or possibly
together with a segment of ridge associated with the minutia (e.g. Jain et al., “An
Identity-Authentication System Using Fingerprint’, Proc. IEEE, 85(9), 1365-1388,
30 1997). Some minutia-based methods implement registration based on only a few
minutiae. These methods are usually simple and fast in computation. However, since



30 BRI EF DESCRI PTI ON OF THE DRAW NGS 22 June 2004 WO 01/4868I 8

PCT/ SQ00/ 00199 The present invention wilt becone nore full 22dmeke2@¥ood from
the detail ed description given hereinbel ow and the acconpanyi ng draw ngs
‘which are given by way of illustration only, and thus are not Nmtative of

t he presentwoiosdsst i on, and wherein: Figure 1 illustratesPCl/§GodMighart of
the AFIS according to the present invention; 5 Figure 2 depicts an

8- nei ghbor hood of pixel P; Figure 3 depict& a table of offset coordinates
of directional convolution for filter with length 7 and 16 possible
directions; Figure 4 depicts a | ookup table (LUT,) for fingerprint-oriented
t hi nni ng; anthere guateods deppict mainky Po#leulecal dferanationgiza finggrerint, they cannot

fingerprint-arifntgd itdieRdd e -ﬁngergmqt@&hlam RGP bERNeOan ThiatMYENTI ON

The invention 1s a nethod and systemfor performng AFIS with various
features thafedd¥at¢i bute to a significant perfornmance inprovenent to two of

the nmost inportan; A3R&Rethi@ibrddibnf\sbie ddidr netRBS hal £/t the ?B}Saﬁ Jedishs and

reliability (accuracy and robustness to variations in inpu

. . I ngerprints).
I n partic@l apf therpggts faxe begnadevelopedid A typiceh eXample 8 SHRh Fiethadh PFaWc‘é‘ﬁéaQ
net hod, fast geRaalizbl MRuGNEaRRiANRENE R alleAlredl-Tide Matd@Ry Systdth FOIBEgS, a

fingerprint-qriented.thinni, ho a it ug ansformfor
fingerprint f EQF@f'?tg?qt%b‘?,se%n'gEgﬁt @ﬁ?ﬂe%ﬁgh’%ﬂ%%ongédﬂﬁﬁ%ﬁ?‘it it

met hod. |t i segistiatish. ThigtappbadhealibWwe capierdtion afttheoconttibationsst @l tHelrainitaeent i on i n
relation to fingerprints) the invention is not limted to an application
for fi ngerpriﬂ?ﬁ@'n{inﬂ“ﬂﬁﬁ%ﬁﬂg‘w[@g"ﬁ 'ed for other data inmage processing
and mat chiong suchindbke mweightedvoatcliing keotel cgmputetiony thef matehing degralisntheafitaér ns.  As
illustrated in the Ei S: ' f | es:

pr epr ocessi né’u%r Lﬂ @@&@ﬁ%ﬁ%ﬂﬁ?@@%ﬁ Hﬂ%gﬁr}tﬁggﬁgsaB%a{wa&%iP ?rg% |b36n

nodul e f f andompargigdie supreraghirisea predFleemipetgacurity eeshgld ivelve! Gorvertiosalgnhances
an inpu i nger J

fingerprint %qﬂ‘%ti S|egn e\l/alt %é%téhﬁg)%%&ég@%@?i%@@??ﬂé%aﬁgﬁgﬂe ridge
di rections. Thaberdiamatehed minytigd o thexproduct pidhe pembsre of theiinnet arditemptaiat uat es

the desirgd fn’ﬁﬁ}ti‘éé.eﬁopéxaﬁ'tpﬁ,é Ble thhf 1S SliffibdbreliSRE% BORTnIng [ Rkisde a
hi gher quality 1 mge for e other processing units. The feature extraction

nodul e 3 extract |1 the fingerprint mnutiae that rjm’ni e and
consi stent f &4 l&f eg r{ﬁtchmg scoregls d%(ermmegn using the equat%n = TN qﬂms way of

computing the matchihg score is simple and has been accepted as reasonably
accurate.
However, such a matching score may be unreliable and inconsistent with

20 respect to a predetermined threshold. There are situations where two non-matching
prints can have a relatively high count of matching minutia, as compared with a pair of
matching prints. This results in relatively close matching scores, which also means that
the discrimination power to separate between matching and non-matching prints can
be poor for a chosen security threshold value.

25 Therefore a demand exists to provide a method or a system for characterizing,
matching and identifying fingerprints or other biologically unique features, which
improves on the above mentioned problems of AFIS regarding image data pre-
enhancement, orientation filtering, ridgé thinning, fingerprint registration and weighted
matching score computation.
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SUMMARY OF THE INVENTION




30 an individual, and provides the basis for classification and
identification. The matching nodul e 4, inplenents fingerpri2Btume 2a04 ae
matching and fingerprint identification and 22 June 2004 WD 01148681

PCTI S0/ 00199 9 deternines whether or not a fingerprint nmat a tenplate
finger pri nWO O1M88% enpl at ef i ngerprint may be stored in a &3t 5@‘5@2996. The
preprocessing nodule 1 includes a histogr transfornmer 10, dom nant
ridgedirection estimator 11 and coarse seghentation unit 12. The hi stogram
transfornmer 105receives finger pri nt inmages froma finger print

sensor| reader 5 9 is %Q%’bje%%fathé fitrm% &ﬂw ér%@ldé{‘@%ed%@d)}ﬁpa'sgstgmefo@rt The
dom nant ridge directron es coar sesegnent ation devi ce

recei ve the tch%m@ﬂmﬂgedﬂﬁt\?w@s@ﬁl ﬁ?"flfmﬂgé]"%?@ts PheotiriabislogiegfiyeHtiane on 12

outputs the prpg &Ssmchc ra)%s%gmemfﬂéléaa ihdIRRS ifage db@ SrBARIACBARY, i dge
direction esti mator perforns the estimation using thelOprocessed

coarse segnefRfigitaton fﬂ‘?ﬂi‘@ e”@&t“?d“%l’ﬁﬂi fipgreprnt gagistratianend meighiaddpateiing srafRe
dat a. The gnh@g,gﬁur@wn nodul e 2 includes a fine segnmentation unit 20, an
orientationsnoot hi ng and enhanci ng unit. 21 and an enhanced fi nger%rl nt

i mage unit 22. The f| hBeseAAYAREISSoRT e ASMEVaslPY A Pidgcah el iMaicgotekMg and
enhanci ng Unllﬂcluaﬂqgr:ﬁplﬁhég@ del@dr maien @@Q@reﬁrpersohﬁlebud tanaata; fai @gﬁ:»latih pection

est i mat or a cess the im e | Bot h t

segment ati on bl?%gtcgb @ fIPErSEAR FR‘?E ﬂhﬁ%ﬁ?h@ﬁ@?ﬁ@”%ﬁ’("ﬂogﬂl del i ver
proc esseg gamﬁagecuatmcﬁmlmgrn@bdal fareagﬁf ¢oniradt; animgge :grnr?dﬂ;u@m evhantsa®nt he
processed _da t her enhance. t he i e (dat e xtr ctlon
modul e 3 oncl E"defor MRANGLP <A Breang%cggllngge g% %'H e%‘iéeo ﬁ"l d‘i

ori ent ed t hi merhoving.falsé d&a in the dersorrl bialbgied insagerdata; e regddatiohhumit for ahgnmg

bi nal i zi ng20 scal om t he
ennancenent  TATER-CSRHT e prnuBE I EMERABORER hd RS Pecblen]
fingerprint anit émrtcmﬂermhimgnlfnf@ txinioglca2da1%hmafd\ﬁgé?Ep!IGmnlateopmrént%mtiwlhlthﬁnl ng
unit 32 outp L

processi ng. T %& E{( bﬁﬂﬁ 39?’%%&"3 @hﬂ [ %Fg’ragﬁp{ﬁ?%é@%bgﬁcgﬁg% unit 41
and a matthi rnge:'SBcﬁBIe corrput ation unit 42. The fingerprint registration
unit 41 receives m nui2,6ahe péé)éPetfmeFsaaﬁédé@b,eéh@%hmmagbﬁra%uand

aligns the current fingerprint against each ofthe | ate fingerprints in
t he dat abase ﬂﬁﬁmoﬁh'édwﬁ'ﬂg: ﬁpwnscfwﬂéfpﬂﬁdﬁﬁﬂ%ﬁﬁ@nPifhtiof“"ﬂsz‘? SogIRt dagdver i cal

figure that rd%@lrn%%[‘fe§sttohédﬁﬁ%fo@@c&fesﬁ@’fdﬁ'@'t@ﬁId@@ltdm thdlithage; generatmg
currentfingerprint and a tenplate Per print in the dat%ﬁ‘ase The AFI S

stores the t @Hﬁt%ﬁf@gdﬁl’ﬂcﬁ‘@{b?frﬁ FQW@S%‘?Y& Hepddmage faip 5orRSPPBINIP S8 diteher son
as ar e?OZ"Od 'blbckshf%n@lﬁéﬁé?ﬂﬁ'@ aﬁhlg?dgirlamgrawefbmfdtlﬁfabi tha h@fogtadﬁfﬂlhdatfohcamrtlﬁmd t he
uni que features of a person s fin t eextrac nd, sear

agai nst the t¥hppiagany tﬁﬁﬁg)f'B"f‘tloﬁt%gg?P%?dn@ tB%P%(ﬁ'élgt leye ogthfgo%ﬂ'@ Zggf
01148681 10 HrgddrHidimdye1at drteprévestiangedingemantshegendatdisqfeneratedpritacacessi ng
nmodul e 1 perfo t he pre-enhancenent histogramtransformati on of the
fl\nger pri nt § hﬂff@ Y a usi ng a sinple but effective nmethod incl uding
speci al |y desi gned hl Eumgarasmpe aif | appbahbiity ofhthesprasant tinveation milobestmeon of
fingerpri Unl j ke n eq t hods
that use on?PB%f’ﬁth %?aﬂ%a/§g£eé5¥ {]C?J Paﬂ%@iﬁ?{%ﬁaﬁ% ugg%b‘?eg Itcﬁrﬁgggl‘ ocal
enhancenent a.mderakiacpttbatathreomiaﬂedatﬂesyﬂnﬂgntéh‘d snesifip grxamplebawhita éndiocgtingcs of
each input fi g r

on- 1 ne- pr ocL8f bitbopinipi BEHECReRRh, 2fe ) BRAY oF iARoR YIS | |
exi sting systmn@ssmhgessammmmaﬁwhems within theoppifiti and scopRyof Hie iwventien will cat i on,
| EEE Trans ! Vi Bbtafdldat@hplidgence, 19 (4),
302- 314, 1999g %ﬁé&;ﬁ{ &nggﬁg%ets&g%g?g@%n 10 perforns th&#p' | owi ng

pre- enhan%rrent functions. The fingerprint inmage is parti t| oned into inmage

bl ocks of size Sb x Sb. A bl asses the entire
fingerprint inmage or severalggﬁggiéﬂg P% E AV &gpch bl ock
enconpassi ng only portions of the imge. H stograns of pixel intensity 15
on a pixel by pixel basis are generated for each bl ock. The correspondi ng
hi stogram function is al so constructed for each block. Assum ng that the

hi st ogram function for an inage block is g(x), the histogramtransforner 10
maps hi stogram function of the image to a specific function according to

t he foll ow ng nmappi ng




x Hargmn{y ~ ~g{t)dt < f(y)) r 20 where f(x) is target histogram
function. The target histogram function has | ow val ue at tRe Johe2(@adi nt and
has a high value at the endpoint of the interval. An exanple ' of such
function is f(x)=Nox(x-MZl ~(x-M Zdx, where Mis the nmaxi mum val ue of
possi bl e iwbensissty of pixel, such as 256 for 8bit per piP%ESCIYIYRr pri nt

i mages, and Ne is the nunber of pixels in the imagel bl ock, such 25 as 256
for block of size 11jx16. O course, the Buncti on f(x) can be optimzed to
sone ot her suitable functions of si mlar type. Such a histogram
transformation c be either glo for the ire i e (by setting the
bl ock to be the 3nr'i‘9i‘?r85q" 85“%“ b(?E%ﬂ‘e fo¥e imgolf”[dF?%agfﬂ%ﬂéhq ﬁﬁ‘@\]&er&(usi ng
smal | er bl ocHegcriptidheives éeeinbblowland ke dchampanyieg srarige whichaine iven byveye ar e
used to 30 partition t i.ngerpri.n a ion property of
the transfor ﬁé‘ﬁqs gfion op %f'[?&'&'-%fégﬂ"t\}\%'t%f”%gg‘g‘g?’teg@fﬂﬁﬁ@?(%‘?d@‘ “FY oper at or
exists. That is thigurdil Siusigtesraslowmban eithoAtiSrgedidisg bdhapresemverdios and

t ransf or t| ons %rgqﬁﬁggg& %ggskgbh%haggorégeq pon or | ocal area of the

ftngerpri i mage ncenent can adapt to different
cont r ast Ievel s diiguié Bfdepietsta tpb!ﬁtOéOﬁﬁet eonsdingiesyef @rﬁ@noaale@ngboufqrffwn ng

contrast |evels, 7%%9?788@5%&“9%@ specifically. 5 This subsequently

all ows better coarse seg tion of the inmge according to the nean and
vari ance val ues dfigusa¢ Henigiaa iookursalle (WTSHOFﬂ"WB@"t@F'%R%t twing: ardnt ai n act ual

fingerprint ri dggﬁg%%&,gﬁ&&s§idol<upt%|a(um9) 8 finQerphiiRrieites ®pingy are marked as

background bl ock are ignored so as to accelerate the pre-processing

nodul e. '(Ij'%e coar se segnent i@%&é@%’ﬁ&e&Eﬁ IQ\(EB E)J:F 1 perforns

coarse 10Ysegnentation on otk fe~t ot segrrent ation unit
12 identifies a bhaGh ffs b AGRHANEY/RA T potforind AR Dbl REKydDY
conparing the nean valu variance’ of t re et erm ned

t hr eshol d anthatjeondnitatects aaqyﬁc@ﬂt reyiemyanee deNoveTieat l%tyg Oﬁmefn@ﬁélm@statlt for a

f oreground bh%%ts%f Qnf A Qﬁ&é%{f o«gggi F;?J,&ggng)TQﬁd d@mm@wt(a(gd,gg)e &igrection

estimator 11°T'n preprocessing modul e 1 perforns dom nant ri dge di rection
estimation aththaE%gtOt\@ﬂ@EWn&I"gtﬂpﬁlttfh‘ﬁ?faws)us'f‘ rﬂgft'FWér  thegs feptwes clide By coar se

segment aty BOHhE%QFan{L%reaé}mg\ﬁ&%af ﬁfemhafa@teembmg@ aﬂ@te%h%@%ﬁtt @.@mb& fét st ogram

transform 10 |l ocks with a tag val rocessed in_the
domi nant ri dﬁ@eﬂPW‘étﬁ‘ﬁggﬁ adiggerpaptorentad th*Fﬂ'Qg Hl?m?ﬂ? adf‘ %ﬂeéﬂ?%@ég%‘?%mrmdul e 1
is the 'ndeXfd?fnngéaﬁm@?eg%@at@hS&ﬁ%hanﬁbm%atm s@@t@%bﬁub@(dtldhyrn&ﬁéﬁ nant ridge

direction 20 estlnator an enerated b isto m t ransform
10. An exanpl e of!t § %?ﬁﬁ!iﬁ‘u q"f“? t%eps%‘?‘f?%@?l ussey de ﬂ‘fﬁﬁ‘qog PH g?ﬁa"st@d in K
Jain, and H. éfbnnftheLlhmtlﬁ B et imitedtto We rapflicativhi fomfingedpffts Bnansy aBo Patt ern
Recognl tigon And ence 02- 3 4. 1997

sui t abl e &) gB?l"{st%/&goraﬂtge 1?233é@ggenﬁmﬁ%%swgaasn%néatcgp%3 a8 Ty Vo'fg %’m ng the
out put of thgeg@m&npfaocasspargpatetnd. e 1, the fine segrrent at| on

As illustrated in the Figure 1, the system includes four modules: a preprocessing

'/ module 1, an enhancement module 2, a feature extraction module 3, and a matching
module 4. The preprocessing module 1 pre-enhances an input fingerprint image to

25 remove some noise caused by the fingerprint acquisition device or method 5 and

removes the dominant ridge directions. The enhancement module 2 further removes

noise and accentuates the desired features of the input fingerprint image so as to

provide a higher quality image for the other processing units. The feature extraction

module 3 extracts all the fingerprint minutiae that are unique and consistent features of

30 anindividual, and provides the basis for classification and identification. The matching

module 4, implements fingerprint minutiae matching and fingerprint identification and



unit of enhancenent nodul e 2 anal yzes the snoot hness of discrete direction
of each foreground bl ock and the correspondi ng 8-nei ghbour B2dand2Gdks of
the foreground bl ock. The 8 nei ghbors of the foreground block are arranged
the as sanme as the pixels are depicted in Figure 2. If the 3@ éﬁ ence of

di screte YQB¥43$8n of a foreground bl ock 30 between the PLYE Q irection
of 8-nei ghbor blocks is greater than a prQQeternlned threshol d, the
foreground block is segnented as a background block and the tag of this

bl ock is assigned to O. 22 June 2004 WD 01148681 12 PCT/ S&0/ 00199 The
orientation snpothin d enhan e 2
per f or ns orléﬁ?gFﬂﬁhgwgﬁréFFﬂ ﬁ%ﬂﬂxmphgmﬁonvo |oﬁﬁgﬁg§gg?§%m Qlg;m)othlng
process and amﬁmmhmmmybgsbmﬂmesgmawmeﬁposed on every foreground bl ock

| mage. First, the ﬁ%gqg "Egngaqu'm a%st@#émftt%ﬁﬁmyﬁg PRk rggsur s.

Then, the for egroun are enhanced he convolution is a
di rectional disession astireatorfidrand coarse pramantten Ul i tTae histgRy trarriermgtiQdes a

convol uti @n ofcehBEfidder bt lrﬁédé‘élfrgﬁ\sasf nbérl ﬁnﬂf seh@dr/rédmp‘é bi dtBerafath dbhter BASS
filter for enhancing, respectivel ?Yj??‘i’ he cyrrent bl ock |mage data by a

di rectional fapcquirer We*\'h@%ﬂ\ﬂ?ﬂ ti %“'P%F‘@Q?e‘ﬂ'fe@@”b%?“mﬁﬁ%y AT 6P 8% er y

gl( rfl I \i\nk'; EL In (S,F{,}ﬁ%;ﬁé@kde%aﬁ :Egé%é;v(ﬂ the trangtied hﬁgerMnlﬁnage data The cg[Jarse out out
of irmmge i nt SAINERfatin ﬁ%é’éﬁfW@%thGl pr%’%esséfjl ga%&@m‘ﬂﬁat% h‘i?@?n ‘?‘?é‘?wtt B?ect :Oon

?E = k X ndl mrmanpu,ag@trmreaioa?&;ﬁﬁforsrl?mmhhngs{rmmeﬁslengnaﬂm kisihg therdex of
e perpendi cul ar direc n o oni nan [ or
‘_enhaﬁm ﬁg r@é@?ﬁegé’oa'ﬁﬁaeq{m')tamg "pagE dﬁg\(fj\? %tFaﬁQfP{?ﬁed% %'ﬁ%}t '?%1% #%tg
sroot hi ng COﬂVOTHeterthﬂan(ént heddé 2h|nghdqseasﬁnef sdgimentatigrt tni720,.qn driantatiothanci ng
convol ution) respectivel ) f
cor\r/esgolndl Z\Qf‘"l 88'5195"“'(9}/’@{‘ 'HI”PE‘@???)%R %ﬁgﬁéﬂ{x{&?{nggpnﬁﬁé I u%neckgi . %‘ﬁ?ae
enhanced fi ngegmpentationi uriig20 amd brid®atise tsgroalhing ind ednbamsingberik gt ceestre Bhock

ked by fi t
Y PaRn PG e Rl 188 dRafinielfin Ut Alhadacltd BRSO

snmoot hi ng and™&%h produces an en I ngerprint image.
20 I n thetd edt yraealiext rBodit itten ﬁn@@agree@attmh@mb%aarndzprwgtageraw@mmq gade unit

31 and .y mny F\E&E\g l??ltr ﬁcaé? ergg‘o@ersg’eoeﬂﬁé‘ﬁ@fh@ HhaRel tﬂhé@ghﬁ%a@@uhlme

processing (e€. Fi ngerprint Feature

Enhancenent Usi‘ilqﬁ‘gJSB$ %I{)fqgeﬁb@étd?@@ orherenbanse F\?&P@Qf afhges”, TENCON ' 97.

| EEE Regi on 10 ﬁféf‘ﬂéaiurec&arfaeﬁcmﬁedmé@%ﬁlae@aCbxdanmgegrlimamh@gé @Ait BOra
Computi ng and Tel econmuni cati ons Proceedi ngs of 25 |E]| 303-306)

E
1997. The i ngtigera @@nﬁdtthmm%.%lﬁl?- ieAg % %%Pé"ﬁ%gs ur#‘ bﬂajf%{
grayscal eod Meggysesld irRaddl inft 81 Weteives bifagead umegep@m erﬁ the. enﬁb@cmmpumomﬂe
m nutiae extractor 33 I s a (géacknvvm te J@@Bﬁ‘@v}d‘ h one-pi é(cglgnm Jas
curve/ ridge ahdNtPEPUTRIPAIZELIAYRCRBITIRE gergant ogented hinnigy H’i Atiti ae
i nformation iTheWhgefpribtGledted tiingihg UhiDE2 eatpots tinedrimage date to the minutiae
A extractor 33 for processing.
. The matching module includes a fingerprint registration unit 41 and a matching
25 score computation unit 42. The fingerprint registration unit 41 receives minutia data
from the feature extraction module 3 and aligns the current fingerprint against each of
the template fingerprints in the database 6. The matching score computation unit 42
provides a numerical figure that represents the degree of matching between the current
fingerprint and a template fingerprint in the database 6. The AFIS stores the template

30 fingerprints and personal information of each person as a record in the database 6.
During verification or identification, the unique features of a person's fingerprint are

extracted, and searched against the template fingerprints in the database 6.




30 including the coordinate of mnutiae and the direction of this mnutiae.
22 June 2004 WO 01148681 13 PCTI SG00/ 00199 The fi ngerpri nt 207ues2604d
thinning unit 32 of the feature extraction nodul e 3 processes the output of
‘the binalizing grayscaie inmage unit 31 giving special consideration to the
uni que propeprr4sed of fingerprint ridges and minutiae. URFTREMAact er
recognition applications, a critical problemin fingerprint recognition 5
application is the formation of false conf@cti ons t hat incorrectly link up
two adj acent disjoint ridges. These fal se connections need to be renoved,

as they will subsequently introduce false mnutia and inpair the accuracy
of the matching modul Eenistegiam;tapeiRem 6&*‘1’?&&%&‘5?5&9 ’3°‘£’€q18?'f°rr@f5§? t hat

redefine thephaluid®medf histdgrathiramifsratdrgof tHehffgat ehntt iabe tdaes @siag & much
fewer false c.onp?ecti S, afteh cthe t.hi nni ng pﬁg oce%g .t10 The, fi n(gﬁrﬁ{i nt
oriented thi AAPIFGPYIAATECtYS Brigec Lslding;SREely, §530neh Nstg(mps tafiyed e diyor i t hm
to apply LUTRatetdallintrmati@soffingavprint mdgegu atketoavedtidnal hislsgraat équelizatiort 0 each
pi xel foreground pixel P. e of I used is
Pound i n encegpas i ue el sy sapet RbER RO oBSatRR ng

Di gi tal Patt enestemétdtane mdafie egtigmatidatyntol tbe thistagrany chadater3cs df&Beh inpuher

sui tabl e al ggrj ny i i.n he

fol |l ow ng ruﬁ%?g}ﬁgt?%\(/'a?{hgg C?rﬁte)élﬁﬁﬂ%"e]%ﬁ%q ggtéf %} ﬁ’g‘??f“ﬁ g’ﬁg?#?‘gh%ot)at terns
in the order alsegives-petfep perfigmaneg) thas apgreaches-in exglingsystefitsesueh ps in Jaitet . . | 8,
are the 8-nelghhqr fe: I tpel i Ky I.Lection (see
Figure 2), ahg g%L?"?.sF"ﬁ%gprﬁgn\%gﬁ&g 'n%%%rggﬁéir%ﬁb%rﬁ gﬁoyeéﬁﬂ?ﬁé ol | owi ng
rul es ar d0apMachkioe Inetigense, 19 4), 3g7-P14. 1977 we choose either 1. A(P)=1, If

P~*P3*Ps=0 and P3Fh€5r§ iy BRI TS bl E iRt AnaitbrPhBRng7=0 € hen
LUTZ(P)=0; or 2. A(P)=2. 25 If P~*P3=1 and P5+l'Ss+P~=0 then LUT=(P)=0; If
P3*P5=1 and Phe-fingemsiabimageis pagitioned isty,image plasks-of $i7¢ Jeix B8+ Adiquk-amytheen
LUT2(P) =0; | %orfrad tRat én&@ﬁlgaégéé" %%R%Qin%}ﬁﬂﬂ]th%(o%é@rai BEckENRay 1 oy new
rules are incorporated into the new algorithm I|f P~*P~*Ps=1 and P2+Ps>0
and P3+P5=0 wepachbfockpyeqmpassingenlprertions pf figimasge, plisiegraipg ofpixebiptensithen
LUT~(P) =G5 oR% phtéNBy giR€l%asis are generated for each block. The corresponding histogram

function is also constructed for each block. Assuming that the histogram function for an
image block is g(x), the histogram transformer 10 maps histogram function of the image

to a specific function according to the following mapping
x> argmin{y | [g(dr < F(»)}
y

20 where f{x) is target histogram function. The target histogram function has low
value at the mid-point and has a high value at the endpoint of the interval. An example

M
of such functionis f(x)= N, x(x— %[-)2 / j:w (x~ -2—)2dx,

where M is the maximum value of possible intensity of pixel, such as 256 for 8-
bit per pixel fingerprint images, and Nyis the number of pixels in the image/block, such

25 as 256 for block of size 16x16. Of course, the function f(x)can be optimized to some

other suitable functions of similar type.

Such a histogram transformation can be either global for the entire image (by
setting the block to be the entire image), or local for a portion of the image (using
smaller blocks). When several blocks that are smaller than the image are used to

30 partition the fingerprint image data, a localization property of the transformation



WO 011 48681 14 PCT/ SG00/ 00199 |f P3*P2*P3=7 and P4+P$>0 and P5+P~=0 t hen
LUTZ(P)=0; and |If P3*P4*P5=1 and Pz+P6a0 and P~+P~=0 then RRTr{d2663. The
algorithns |isted above in rule groups 1 and 2 can be found in Chen et al.,
"A Mdified Fast Parallel Al gorithmFor Thinning Digital Patterns”, Pattern
5 Recogni t woroiMgsst ers, 7) 99-106, 1988. Rule groups 1 aRETHEGWMIPesi gned
for thinning of character imges while the new rules are designed for the

t hi nni ng of bi ol ogi cal data such as fingerldrints. The set of new rul es not
only reduces the nunber of false connections, but also significantly cuts
down t he nunber of conputations because during each iteration, the
fingerprint OPPEHYXsthi niehdp s Pisgrams, &85%9%08"’69 Hs&aRT nyndtionhdre pi xel s
than other cQaMEBIMAR arBReh&EdRd drhesdbldegnmdrilcval ek eptedingbrbiitiimggeuni t 32
perfornms the following iteration on e roun the result

h, for ixel P If
of the | ookup' hygﬁ%pretqgf@ceg@ngmqpﬁ%ﬁl@?‘g%gnt(agg@gﬂgﬁt piferepi RS Yhen t he
pihxel Pis raﬁ@mea@etandcdrf]assdf}‘dwen@ bﬁntrglst lmmapbé@mc@ﬁ%dm specfamure is
t hen repeated_ using ano okup table, L shown in Figure 5. 15
Thie procass TG 1 BSedRaly Slovs HRieaals tromeptar o B ineedaddda’ o be
removed. The rhéangmd wadiarice valgessdf eath ioage blotk. 44sa, imddecblotis tHat coptairoakibae 4 has
significant fect on the perfar e ] Dur i ng
;egi st rati on pRBN SBpte By RERL v kB B hare T UE RERarad o
fingerprint ibockéevhithtaadhigswedso e adeeientta te pee-pagessognmidaleone or nore t han
one tenplates. The in j | .04 i i ion
using a resol ution- enﬁgﬁ%%ag&gge%ﬁegfa@%gé %ﬁ%&%eggﬁggélﬂ?g%ﬁé&gg%éég%i zed
Hough tr atsf ceegmestatibef omedna8s, £ &b Iblngk. (TRatcharse segthentatioA uRé dl2-identiBesMat chi ng
Sylstem For Lar, Fi_ngerpr.i " r . e d 99- 813,
Aug., 1996): aql_%F P agﬁr&g%{"&é;h%%@&ta*@ﬁ Hﬂrt]dl tgg%a@aﬁg' Z’? gfdg%%"ae(j:aﬁ é’éﬁ% 7 B(an an
i nput i nger prariariceiofrthgeblah avith pregietsmained thresbpld and geeyates tagalof gveryPblackd Q can
g;‘ 2?, ;) rgani Z'ﬁ"n% é%i h'gae: \)//él&egltforq%se?%u)\d lgcr:keor i(&g!\ébagp ro:ﬂw;cli: bl%c}(.a A da?ng :q{ §/qx,
/3 ) are the fealhe deminantéidge dirpstionestifialon 13 itPreproesssingirslulessBRoAMEd Wi t h
the ith mgutly gl ; Jek N & di ) : u r of
the det el nq oite Tage frosth ekftndllol oG (b ar g ke R, e
t ransf or m al iggneraedalbyiaegtse Gagynentatien i Yy apAether eigenhenced Bweandaters dx

in x 30 axis %ﬂgra@ﬁ by hisYogRath fansfdieh fon©rilyolietks Mith R ARRIEST 18re plocddsbt
discretizes t (tahepdar ame'% e& es(ﬁaci% ! rslt_o ta 1|1§t'}hleco%t VL\thP reB rgce;sBih modile i8’ -
Lvc a {ex, , inthe dogynant fidge difgefiopyesiimatgy 1. The output of preprocessing moduigd 9004 WO
01/ 48681 15 REJ/ifeRUEUNLIS teraRcreehirgtBbisogenkféd By ;donfilaht iriges alrédtion a
lattice bi20n' t—::gl]r%Qt’or q 20 gnde&?phut {Pr;ar_é;létgieﬁeriat%d %y %@%gram transform 10. An exampie of a
dominant ridge estimation algorithm is that used in K. Jain, and H. Lin, “On-Line
Fingerprint Verification, IEEE Trans. On Pattern Recognition And Machine Intelligence’,
19 (4), 302-314, 1997. Other suitable algorithms and processing methods may also be
used.
25 Using the output of the pre-processing module 1, the fine segmentation
unit of enhancement module 2 analyzes the smoothness of discrete direction of each
foreground block and the corresponding 8-neighbourhood blocks of the foreground
block. The 8 neighbors of the foreground block are arranged the as same as the pixels
are depicted in Figure 2. If the difference of discrete direction of a foreground block
30 between the average direction of 8-neighbor blocks is greater than a predetermined
threshold, the foreground block is segmented as a background block and the tag of this

block is assigned to 0.



every mnutiain Q it conputes the transformation paranmeters {dx, dy, Bf by
9=~i> _a; (1) and ~r _ gx cosB -sing p~ (2) (Dy) - qi sin B22ds#e20q# Y Y 5
.and quantizes theminto the above nentioned lattice. Each set of the

guanti zed paraneters obtained is said to be one 'evidence' of the
correspondwog@iugast i ce bin. The generalized Hough transf RGHSEHHHY t he
nunber of evidences for each bin in the lattice and finally specifies the
paranmeters of the lattice bin that correspdnds to the maxi num nunber of

evi dences as the paraneters for the (actual) registration. Wile the
generalized Hough transformis efficient in conputation and works well in
many cases, even Tos opentatioalsnioothingreat iegianoig pinit At of the enfsnténaerd niadoin2an

i nher ent pro&érﬁ% égﬁénti omfﬁéndgt&i@%g%ﬂﬁiﬂﬁi@n fo;lgée%ge& thﬁi%rE tdcadd on
accurate, it eS|ra - Smal | size of lattice bins. owever,
will result andawpolwwmnmeﬁ%ﬁ waead qmel%v&mmndvmwmaeanﬂﬁhme t he

al i gnment  wi J;rhom dé 8&Volugbr ﬁ)blaﬁ?foréa?odnﬂ%l&ﬂé\bécﬁlfé’ ThAC [r@af&epﬁbuh@%lol:@ tice
bin size will to poor atla SO ut oW reqgi stration

accuracy. 2| na’?t?@h’f"?ﬁ?gnfrih@é’%\ ugen lst?e @\étf?@rf%rl 3 %é‘é“%lﬁ’@ﬂ dtahsf or m

i's g})di fi eddm@B éd%ﬁlhcludescéleorﬁblmtdntc&ﬂmﬁlﬁl' Y{IoW‘pﬁﬁs:m@Efdr Reoaihmgemariygn oned
prooniem an

retaip the major. v ages of the Hou transform The
modi f i cat i onP3s§ T 'ﬁ%rﬁ?fcﬁnﬂmg' ﬁbﬁtlgﬁ)ﬁﬂ?&@}ii}gﬁ:{uw&b&cgEnqggtdg{é(’tg 30‘? ligctongle s
chosen exper filge Mhal doyvdlgtiof ks iniptentantdd Brimpgdineon eeng piRelodithindiBe a2k My at ed
within .a big) Zéqj'l;he rpurrber of evidences for each of the bins of the
lattice i s cOIMAHRIENRT qone in the general i zed Hough transform 3) The
lattice is shifted in t§ X andg?jr dire 5 2&3 at a predeterm ned step size,
and furtABr, the &iAeT 2of (&Vimeéidd o h bin of the shifted lattice is
count ed. The shifting afd count i ng processes are repeated and stops until a
bin at the final whees ¢f.id0 infheshtt ohignags irdensity aploeation diip Ikeis didgxwif the it s

Thopora CrHihRin rebdf £OSLL ) A8 D BIRIP bl 15 Mol BHBGSRS ook f D2

shifting the I ce éssertti It1ons ea
di rection, efnaék &flttﬁ&dferb@fanchlaemﬁe@m &idaminast dirbetiod lof édrreamcﬁbk fér)enﬁ@rﬁcw@aCh

shift, each block, 20 25 30 s ass to th coun
evi dence of PREESSING: a9 'Sc'ﬁef%p?fggﬁ?{ W'@r}utaﬁgo fﬂﬁ8%§‘§(f3”% 'B?Llaﬂ%éﬂ?l
PCT/ SQ00%4601figh pass fiter with 7-tap for enhancing convolution, respectively. The offset

coordinates (Xoset, Yofiset) COrresponding to discrete direction «, are listed in Figure 3..

The enhanced fingerprint image unit 22 sets all pixels of background block
marked by fine segmentation unit 20 to 0 the output of orientation smoothing and
enhancing unit 21 and produces an enhanced fingerprint image.

20 In the feature extraction module 3, the binalizing grayscale image unit 31 and
minutiae extractor 33 are standard algorithms used in image processing (e.g. S.
Kasaei, and M. Deriche, “Fingerprint Feature Enhancement Using Block-Direction On
Reconstructed Images”, TENCON '97. IEEE Region 10 Annual Conference. Speech
and Image Technologies for Computing and Telecommunications., Proceedings of

25 |EEE, vol. 1, 303—306, 1997.

The input and output of binalizing grayscale image unit 31 are grayscale image
and a black/white image, respectively. The input of minutiae extractor 33 is a
black/white image with one-pixel width curve/ridge and the output of minutiae extractor
33 is a set of minutiae information in which there are attributes of one minutiae

30 including the coordinate of minutiae and the direction of this minutiae.



contained. 5) Al such nunbers of the overl apped bl ocks for each bl ock
position are summed, and the transform paraneters are speciijade 2504 he
position paraneters of the block that corresponds to the maxi num sum
Testing was perfornmed for the various bin and shifting step sizes with as
many 5 priwboy4sssipossi ble so as to determ ne the best tPERSGOVIOH and
rotation paraneters. Currently, the bin size is ~ = 16pix, dy = 16pi x, and
B = 10. The step size of shifting is 4piX38in both the x and y directions.
These val ues however nmay be changed because they are relevant to the
fingerprint sensor used in a system The advantage of this approach, as
conpared with the ordhadingergfisheriested Bigning upibaGRM e seplsre eXyactien fRddle t he

registration g&g&s%wh@%@tpruﬁlor ¥R |b|n§&|ﬂb0§fa§§&ledﬁﬁ®@”brmeg1 t@(vuﬁ_f“sﬁéc@" ep and

bin size, res tive I cCh over COITES th shortcom n Cgs nmenti oned

previ ousl y. e&%@ﬂréc\ﬁ‘edf”'quégﬁrgﬁ?%ﬁ gh ﬁ‘gfrqr'ﬁﬁf‘%eﬁf‘ Pilias-e 4Ky t he
shift step %&%cféhlﬂe@og&ltnahll é;ﬁm@awﬁé yarramtmblalpmblym tine fiigpriabi retdghitio t hough

t his approach adds sonme.co tions ion tests verified that it is
Ui £ abl o & oappEalon 6 SRRl e corsoieis AL IEATHGY 8 8 NG DR on uni 1
;12| provi ?es cﬁd’tﬁnt{riﬁ@@ Tneyéﬁd alssednném@us geddtatbe dearh@ed] arsetaey \fvmrswseqmwy print
elongs to an au ri zed pers | e sc
predet er ni n rog ?'ﬁeymfr}‘l'ﬁ%saﬂ‘gl"&p%é%ng Ba%g\})iq % ?em;Tp?l t he
tradi ti onal isehtiortiherporatesni setrof rulesathatoedefios the bnm\dmd)f tbnia thiningualgarithna
mat chi ng scor h LSS, d discrimnation
capability. sﬁ’ﬁf &\a%erﬁg{enlgac Jﬁ%‘g%”é@?é &;[nﬂQ&P ng’?ﬁ {]}1 #ﬁé%gve approach for
I |H ggﬁlrJ Prtr) 1eor”|t 01[ egi '$ﬁé{';|? &igeﬁharj‘l&leﬁ@;igﬂﬂnrﬁmgadm 3 ar?ﬁs{sses ﬁrtge;;et c:ﬁftg u?i;g;h% 2I t hough
relatively HIGHNT [APRlYdY lf'i'ml (W@ BV ga'%er‘?c ? % atti ces
can be | ar geling! fbrégreunangixel PO biedmpdé of avo algeritiorhiting rypayi et esedRarfoundrin mat chi ng
prints, the Xi C t I nce of
the 25 par arfglﬂeereé Bl X%@%ﬁhfifg%ﬁ&@go@%ﬂe@r'gﬁlaluﬂng’gﬂélt%gEﬁg'XF%&uéﬁevI dence
counts is | ale;egr(uummhéty, Tr89-606, 1888. dhibertsuitabldalgesitnteonapalsmbasedi dence
counts). in additjo 0 n the r . of he tia t hod
takes inid conmﬁé? Q‘t"f%?fe 8%8 q'f 8&%’%9 ruﬁat Egt,&l(Pﬂ%% éatr}u(r)nrt])eggr "he final
mat chi ng scquarys‘dagﬁmriml pataths indie ofdansdtiPan, By, ®:UuBL &s,tRy, ReiFahwhedne P,

VI 0 by B8R B gyontds O TobBE N Bl o sp b B EisER, 17

where mis tH’Iguremmanum(W)aétlerwmbevofdmneqomlgmtzﬁ ofP.i $he fellowing ruascase of t he
par anet ers of fl,ge | attice bins corresponding to the maxi mum evi dence
counts, Dis PPIE" nunber of the matched ni nutiae, Mand N are the nunber of

the det esged m npbi Aepip) e GhIEBIneANd tenpl ate prints, and wm, WY, wp
, mo , vo and Da are prespecified 5 paraneters determ ned by experi rrents

respectively. o~()APFFlis the 1 + exp(- ~.))
If P4*P3*P5=0 and P3*P5*P7=0 then LUT+(P)=0;

If P4*P3*P7=0 and P1*Ps*P7=0 then LUT(P)=0; or
2. AP)=2,
25 If Py*P3=1 and Pst+Pg+P7=0 then LUT4(P)=0
If Pa*Ps=1 and P4+P7+Pg=0 then LUT1(P)=0;
If Py*P;=1 and Pa+P4+Ps=0 then LUT(P)=0
If Ps*P7=1 and P¢+Pz+P3=0 then LUT,(P)=0

\

30 The following new rules are incorporated into the new algorithm:
If P1*P7*Pg=1 and P,+Pe>0 and P3+Ps=0 then LUT4(P)=0;
If Ps*P*P7=1 and P4+Ps>0 and P1+P3=0 then LUT«(P)=0;



signmoid function. Experinmental tests confirnmed that this fornul ation

provi des much better discrimnation befween matched and unnatame2ddai r s
than the traditional conputation of matching score. Also, this inprovenent
coul d be achieved with al nbst no extra 10 conmputations. Experinental tests
confirnmed what/4ss81i s fornul ati on provi des much better di $ETSHMEIPoN bet ween
mat ched and unmatched pairs than the traditional conputation of matching
score. Al'so, this inprovement coul d be acdi eved with al nbst no extra

conput ati ons. 15 The declared AFI S system can be used for both one-to-one
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i dentification of |f@>5*p4¢féwérséjtmpg‘>mﬁu@ Aatapaseupjprbout 100 persons will
take | ess than 1.5 seconds, while a one-to-one nmatching will take only

about 0.4 second (usithg a@oﬁé'ﬂ?ﬁl"ﬂ?ﬁ PRy 0BG B S's¥I) 2 Caﬂ*@ foendsip &them i s al so
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workers I'n a companyl.cand 4 oM eﬂﬂnﬁrﬁgﬁr@%gﬁd&?ﬁs tﬁé’f&hé@hé iR BN

checkout, or
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The fingerprint registration unit 41 in the matching module 4 has significant
affect on the performance of the entire AFIS system. During registration, the current
fingerprint is aligned against each template fingerprint in the database 6. The database
6 may contain one or more than one templates. The invention performs fingerprint
20 image registration using a resolution-enhanced generalized Hough transform.
The generalized Hough transform is defined as follows (Ratha et al., ‘A
Real-Time Matching System For Large Fingerprint Databases”, [EEE Trans. PAMI, 18
(8), 799-813, Aug., 1996): Let P and Q denote the minutia data sets extracted from an

input fingerprint image and a template, respectively. Usually, P and Q can be
25 organized as P={(p},p,.a)..(p.p,.a")y . and 0={(4,q,,F) -
(¢, q", B")}, where (p., p),a') and (g{,q;, 8’) are the features, i.e., the position
and orientation associated with the ith minutia in P and the jth minutia in Q, M and N
are the number of the detected minutiae of P and Q, respectively. The generafized
Hough transform aligns P against Q by determining the translation parameters 4x in x
30 axis and 4y in y axis, and the rotation parameter 6. It first discretizes the parameter

space into a lattice with 6e{g,,...6,}, Arefax, ., Ax,}, and aye{ay, .. Ay}
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well in many cases, even on partial information of prints, it suffers from an inherent
problem that limits its performance. To make the registration accurate, it is desirable to
use small size of lattice bins. This, however, will result in a low maximum evidence
count, which means that the alignment will be less reliable. On the contrary, increasing
the lattice bin size will lead to poor spatial resolution and thereby low registration
accuracy.

In the inventive AFIS, the standard generalized Hough transform is modified
such that it can simultaneously overcome the above-mentioned problem, and yet retain
the major advantages of the Hough transform. The modification is as follows. 1) A
sufficiently large lattice bin size is chosen experimentally to ensure that enough
evidences can be accumulated within.a bin. 2) The number of evidences for each of
the bins of the lattice is counted as is done in the generalized Hough transform. 3) The
lattice is shifted in the x and y directions at a predetermined step size, and further, the
number of evidences for each bin of the shifted lattice is counted. The shifting and
counting processes are repeated and stops until a bin at the final position of shifting is
overlapped completely with its diagonal neighbor at the position before the shifting
process. Note that shifting the lattice essentially partitions each bin into blocks. In a
direction, each block has the same size as the shift step. 4) For each shift, each block
is assigned a number equal to the counts of evidence of the bin in which the block is

uhction has 5 | ow



1 6. The nethod of claim1, further conprising: 2 performng orientation
filtering on said pre-enhanced data using 3 directional comggiutbesy for two
.dinensional digital inage processing, j 4 wherein said pre-enhanced imge
data is snoothed and enhanced. 1 7. The nmethod of claim®6, wherein the
foIIovm ng WO#dH868hm i s used |n said 2 orientation filterQugQu/@isy .|1' k )
~,.f~t +¥n//iur ~I )~ .1 "Hxo~fcr ~ )) x h~l ) =11 8. The nethod
of claim1, further conpri si ng 2 thinnindg6said fingerprint inage data to
renove fal se connections of ridges 3 in said data, 4 wherein said thinning
includes applying a first table and a second table to 5 a plurality of
pi xel s usi ngCRMaiBedy& Alliseeh numbegs OTﬁ@ qvetlanped dlockd for eadh bibck pdsition @oepr i si ng
generating asfihmed, dndihtrai3dfbrd pdRFRAd 3retsﬁgésﬁ‘edlé§'t JsHiof Palaeterd GRSt €
data and biol o data. 1 10. The net hod of n? erein said rules
for bi ol ogi cﬁﬁogﬂ'gf‘téofrﬁiﬂoﬂﬂ%méhq maxmup Supg =1 and Pz+P6>O and P3+P5=0 then
LUT~(P)=0; 3 If H@%ﬁ@*@m&ef@nﬂemw%w@nmmﬁmg Q«?E‘s&égrwi(tas a
P~* PZ* P3= Jri and ,P4+P8>Q. and P5+ t hen Pr% ; P3* P~ % 1 and
P2+Ps>0 afd PIpASPOsHRIA SE@FZKOF*?@?I”“ e B bfahtéa 582 ey otpispemrarpeters.
PCTI SG0O 1001@9rr@1tmhﬁé Binrslzé(lﬂlx & $6;ﬂx wrﬂ)@blx%d%-ho@afﬁeegtéﬁs:t@of%m@b‘E‘ser set
P~, P2, P3, P4, where Pi, nei ghbors
of a pi xel ﬂp'é"b?%%m ’éé"‘h}’ PE%‘%"P% Thﬁ??d"%(ep)hoﬂeYaj mayhenghangest besanseer o
nei ghbor s Of they ark r@le&nﬂto%@ﬁrﬁeﬁ)nﬂts’éﬁso’kltsed%ﬁ%?&lé}ﬁ for fingerprint
registration and rlflcatlotn m puti ae cor’q)r|5| ng: perform ng a Hough
transformon fi nd_g’ davaRtage,aly @'sd%ﬁpéoaﬁ Rdas;EeTanased Wi e ereinerysgsneralizad i ce
Ibi ns; counti nggmmnefmrrdemttesthamgwwhatatﬂunaay & relidbiitytrioeard dternsifdd N9 2
attice;

shift step and bin size, respectively, which overcomes the shortcomings mentioned
previously. The accuracy of registration is increased by decreasing the shift step size
while simultaneously maintaining the reliability. Although this approach adds some
computations, application tests verified that it is suitable for real-time applications.

15 The matching score computation unit 42 provides the final numerical
figure that determines if the input print belongs to an authorized person by comparing
the score against a predetermined security threshold value. To overcome the problems
in the traditional art, the invention incorporates a method of computing a matching

~ score that is more reliable and has a much improved discrimination capability. This

20 method exploits the features of the above approach for fingerprint registration using
shifted lattices. It was found that although the number of matched minutia between two
non-matching prints can be relatively high, the distribution of the evidence counts aver
the lattices can be largely different from that of two matching prints. For non-matching
prints, the maximum value of evidence counts is low while the variance of the

25 parameters of the lattice bins corresponding to the maximum evidence counts is large
(usually more than one bins have the maximum evidence counts). in addition to using
the number of matched minutia, the method takes into consideration these two factors
in the computation of the final matching score.

Sigmoid nonlinear functions are used to weigh the contribution of each of the

30 three factors.
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determ ning the nunber of evidences in each bin of said shifted lattice;
repeating said shifting and counting in each direction of <9aiJdnd 2004 ce
.until a bin is completely overlapped with its diagonal neighbor, wherein
shifting the lattice enhances the spatial resolution of the Hough

transform WP 0/4868irhe et hod of claim 10, wherein said sHGHSGOWY d | attice
occurs at a 2 predetermned step size. 1 13. The nethod of claim 10)
wherein said shifting the lattice partitiaﬁs each 2 bin into blocks, each
bl ock is assigned a nunber equal to the nunber of evidences 3 in the
correspondi ng bi rs. of the averl apped bl ocks are sumed and 4
transf orm par ane&gahregg]&r E"iﬁ%&qxwughv{n]gef ] eY'ﬂeé'BgICBE'PES't‘hﬁtmﬁdPF%B(ﬂﬁdﬁ to the
hi ghest 5 suparamétersTéfénatetticrbinodormesrnding € thé uvaxiveim eadapes 8ounts, D2is the

determ ni ng ' H%Ht}ﬁ A counts ip the bins; 3

det erm ni ng bl?gtr)\és%hm N pdbtgﬁé‘t@raggz\};%rgé D meﬁapq%df’tﬁ@tegi"ﬂ@mﬁf th the 4
maxi num evi déecaimeouand tenfplaletpentsi anchg, t e, vwar, irgnog and Hadrd prespecified
transformational paraneters; 6 determ ning a nmatching sco&e of a
fingerpriat paragetemNdeterhBEP! Bt &xgedmdhge! REpdtively] based on sai ¢ variance
of the trans?orrrational par arr%t erg and sai déégg"ﬁéy;?gng% N edpr (e f @cghents.

22 June 2004ﬁépoiﬁﬂn%§c§\81 PCT/ SG00/ 00199 22 15. The nethod of claim 13,
wherein the tching score is determned using a 2 signoid nonlinear
function. 1 2 3 &xgergnentad tests Ocahfirie® 1Bt bis Armylsticempfaidedi mL@giveadr dat a
mat chi ng co LSl ng | i rsenal bi ol ogi cal

i mage dat a; n@%@r‘m ate o# g@ﬁgicégl ca ur{nﬁ%‘g‘gggg‘%%!;hg'gt%ﬁread@ﬂ%ﬁ@mﬁa i t
adapted to peleneatahiag seoreaifdsopdissiompatvemeot enyicche achievgd veltht imestamr éitag t o
| ocal andp 9! eputAbas of contrast; an inmage snoothing and enhancenment
filter for enhancing said preenhanced i mage data; an orientation data

t hi nner for rempFExpRjiMeatal destat eonfirmedathat Jeis stormulativho pogidesa| milca gettetat a;

discrimination between matched and unmatched pairs than the traditional computation

of matching score. Also, this improvement could be achieved with almost no extra
computations.

15 The declared AFIS system can be used for both one-to-one matching as well as
for one-to-many matching against database prints of authorized persons. As an
example of the matching speed, the correct identification of an individual from a
database of about 100 persons will take less than 1.5 seconds, while a one-to-one
matching will take only about 0.4 second (uvsing a Pentium Pro 200 processor). The

20  system is also very robust to variations in input fingerprints. For example, the system
can still correctly authenticate a person with an input fingerprint that is of low captured

| quality, and with some portions of the print removed.
Some applications of the invention include but are not limited to the
following: secured transactions (e.g., using credit card for Intemet banking and retailing,

25  and for user authentication in automated teller machines); secured access control (e.g.,
lift and door access in buildings, and computer or network access without using
passwords or cards); secured database systems (e.g., medical database of patients,
nation-wide database for immigration and identification control; time-stamping database
of workers in a company, and logistic database for controlling equipment checkout, or

30 for monitoring movements of prisoners).



a registration unit for aligning said personal biological imge data with
said tenpl ate i mage data; and a matching score generating W2 uné 2004
determning if said biological data matches said tenplate print. 1 17. The
system of claim15, wherein said personal biological inmge data and 2 said
tenple i maY@ Y4881 i ncl ude a fingerprint, iris, voice, habfdl/$f88Msty, face,
or palm 3 pattern. 22 June 2004 WO 01148681 PCT/ SG0100199 23 1 18. The
system of claim 15, further conprising: 218 dat abase i ncl udi ng a plurality
of tenplates of biological imge data, 3 wherein said system determ nes

whi ch tenpl ate of ' ural i of 4. tenplates in saj d database matches
sai d personal bi &“%3{“%5‘?4"} é%%&%ﬁgtafae.sc@eﬁg? W@Hée g?)’é‘{”é?ﬁ‘%fth% SANEMY, PSaher ei n
sai d regi st ryaredin many ways. gsischyaiiationsrargeno® todiset gavdednas aiddparem®iréthehdisi ng a

Hough transf gt i : ti . the 3 tial resolution of
the tough T Saarad seovp oy enitel bE el SR HRBRERob S ol ERS oftg s T one

pr e- enhanci ngfiligdiin theratharedatendsgldp be irglusigd withindlon seops tof the fokiovting dlaimsng sai d

i mage datg into i mage data bl ocks, generating 3 a histogramfunction of a
contrast level of said inmge data corresponding to said 4 data bl ocks, and
perform ng a histogramtransformati on of said histogramfunction. .AR A .A
CAy? A DA L AQD A@ . Aa, . A@BY
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3 partitioning said fingerprint image data into a plurality of data blocks, each of
said plurality of blocks corresponding to a different local area of said image data and at
least one of said plurality blocks having a contrast levet different than a second of said
plurality of data blocks,

wherein said histogram transformation is adapted to said different
contrast levels of said plurality of blocks and pre-enhanced fingerprint image data is

O O N O O, n

generated with local enhancement for a plurality of local areas of said image data.

A 1 3. The method of claim 1, wherein said histogram transformation includes
using an objective function with a relatively high value at both endpoints of an intensity
interval and a relatively low value at a middle of said intensity interval.

-

The method of claim 1, wherein noise and distortions in said image data are
2 reduced.
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4 wherein f{(x) is a target histogram function and said target histogram function has

5 low value at the mid-point and has a high value at the endpoint of the interval.

1 6. The method of claim 1, further comprising:
2 performing orientation filtering on said pre-enhanced data using
3 directional convolution for two dimensional digital image processing,
) 4 wherein said pre-enhanced image data is smoothed and enhanced.
1 7. The method of claim 6, wherein the following algorithm is used in said
2 orientation filtering
M
3 g(irjvk):Zf(i+yoﬁgl(l)’j-*-xoj]_i'ct(l))xh(l)
=1
1 8. The method of claim 1, further comprising:
2 thinning said fingerprint image data to remove false connections of ridges
3 insaid data,
4 wherein said thinning includes applying a first table and a second table to
5 aplurality of pixels using an algorithm.
3y 1 9. The method of claim 1, further comprising generating a first table and a second
" 2 table using rules for character data and biological data.
1 10. The method of claim 9, wherein said rules for biological data include
2 If Py*P+*Pg=1 and P2+Ps>0 and P3+P5=0 then LUT1(P)=0;
3 If Ps*Pe*P7=1 and P4+Pg>0 and P+P3=0 then LUT1(P)=0;
4 If P1*P2*Pa=1 and P4+Pg>0 and Ps+P7=0 then LUT,(P)=0; and
5 If P3*P4*Ps=1 and Po+Pg>0 and P(+P7=0 then LUTz(P)=O,
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U& () -3'1 10%&1(A mékhod Ri¥itderprint registration and verification from minutiae comprising:
2 performing a Hough transform on fingerprint image data and generating

evidences in lattice bins;

counting the evidences accumulated in said lattice bin;

shifting a lattice;

determining the number of evidences in each bin of said shifted lattice:

repeating said shifting and counting in each direction of said lattice until a
bin is completely overlapped with its diagonal neighbor,

wherein shifting the lattice enhances the spatial resolution of the Hough

W O ~N & 0 b W

10 transform.

1 12.  The method of claim 10, wherein said shifting said lattice occurs at a
2 predetermined step size.

13.  The method of claim 10, wherein said shifting the lattice partitions each
bin into blocks, each block is assigned a number equal to the number of evidences
in the corresponding bin, the numbers of the overiapped blocks are summed and
transform parameters are specified using the block that corresponds to the highest

a HoWN -

sum.

14. The method of claim 10, further comprising:
determining the maximum number of evidence counts in the bins;
determining transformation parameters corresponding to the bins with the
maximum evidence counts,
determining the variance of said transformational parameters;
determining a matching score of a ﬁngerprint image and a template
fingerprint image based on said variance of the transformational parameters and said

O N O b WN e

maximum number of counts.



U& () - SHI | JhKKLNKVAgG\ =!I # * 0! 10%U0U& () -!# 0! 10%U0U& ()-! ' %40%JU& ()-!u’

'O 0%IUS ()- ' Yd0% & ()-! 110% U U& ()- MM 22 June 2004
MMMM MKMMY?! ! # &109B&' () -- Fs109B& ()- gl0vB& ()- F1098& ()-", 109B& () -
100UOU 100U0U

10000 UL MVMIHIARAERE®L21 1 & g109B& () - - &1OYB& () - - 98&109B&' () RPCTEIIERHY ) - - 98810%
B& ()--N 22

NI NvNWNy NNN} AE?! | #° 9&&10YBE: () - - &109B&' () - - 988109B&' () - - &LOYBE () - - 9&NN* O+O
, 0-000u] C?! | #° &109B&' () - - 98&&10YB&' () - - ) &10YB&' () - - 9&8&109B& () - - ) &L0YBE ()
- - OOOOPP

PUPXA 22! 1 # &10YB&() ol OYB& () ~=98&10YBE (): - &L0YBE& ().- - 9&&10YB& () - - uPvPwW
PPPPQQ} AE?! | # 99%& é%@fﬁ“}%@%@éi ?@gﬁ%%ﬁg‘%@?f&i %}ﬁ&"@)'ed 9%1@;)%230@@@
u] C?! 1 # &109B& (J9mggaanipe@dsunclion. ) &109B& () - - 9&&&10YBE () - - ) &109B&' () - - ORRR
| RTRNRRXA 221 1 #° &109B&' () - - &LOYB& () - - 9&&109B& () - - &LOYBE' () - - 9&&10YB& () - - R
RRSSSWBXS} AF?! | # 98&8109B& () - - &1L0YB& () - - 9&&10YB&' () - - &LOUBE () - - 9&XS[ SSSST
TTu] C?! | # 810988 Aysteadaidi data mpghingpeMpPsingd 8&&109BE’ () - - ) &109B& ()--T

TaTcTTTTEXA 2?1 | # &10UBEndgereakPidBacduiing B&SIRYBSiodidal i ‘@%()--9&&10%3&' ()-

-TTT+U, ULUUUL AR L #° 9 1(?%8%%5' -‘&}0%3%" %0 9&&I10YBE () - - &109B&' () - - 9&UUULU
4vsVeVU] E21 1 # 8109B&A (STRIYR IKigedia! imacedehomse: () - - 988&109B& () - - ) &109B&' ()

i ) GVé\y/\XWV@\k’\??! ! #J‘ &:l;?é@&‘la(n):ing &m%a&')t% -ée %Estaéér@‘%@&f §did pEALABSididgicar &&10%BE

- - < n OA/R, o
10B&10YB %@éﬁ“ﬁ?@%{%ﬁk&%ﬁ@ A58 /| [:sh]<!# 10%& ()-- °

B IO 0) o e o o O Ly et for etaning SE 852 (- @
, z = .S : -- - ! -

| 1098& (7- @aT%s%l'giﬁ%z %t% S$1098& ()-]12"b" e “|[:sh]l<!'# 8 0! 109%4& ()--
0! 109& (ia- B +! 1098& @) -origpntationodata: tiinrer Of@y yerdd@m' fajse data in said personal

Y& 1 109 {ibrodical image @Y UA< 31098& () - & z1098& ()- | @109%& () -
"@0%& ()-10%09d0% 0! 1098& (_g&- a\b\cc7e$f g|\;vUa< ,10409& ()-°

%4 099/4& (1§?- S 94.0%& ¢ yedistugugmnitefor pligring3said peigonE) bioBgita@RgE Hata with
gthhjjjjjj | shdempidd dth; Ha¥40940% .~ Y+ 1099& ()-s ) Y+ 10%& ()-s
#Y+ 1098 ()-s ~, 1 9d09& ()-] )] kK mm [t bUd< 109%&' ()- Y 10%%& ()- u
10%4%&'€)- &, f 10%/&‘3{%“!”9 gf@%@“ﬁa-'”g(%&M/Me@'ﬂ'ﬁ@nﬁaamplpgicaildata

$ 11098 (nathds sade@Blateprint.” 1099& ()- 10%& ()- , 109%& ()-

: 109&' () -pppOgrs' t(t][:-410% L6g10%& ()- kO 1098&' ()-- LfS)nmd0%& ()-
11099 () - Y09 () - t#1098& ()-g(t)t*t7tCtFt Ut ubA410%  1098&' () -
21([))02/1@/@1 E)- 10?@/@e(sy§tem@ma@wo (;)‘ein 'é@éi@&’@’ﬁ L'bl(o)log(ig%gg;iz\r%%;agta&nfow& 0
WX zwz$ [ : . N& ()5 ()= L () - ‘()-9
L$10% & )-%Qrﬁfgbv)&é?)@tﬁz%%é‘{d|e;+@%pﬁ- Rm%i%bé[?cﬂ?fbﬁt%%%w?bw@ () -
Fsl 41098&' (pattern. - 100@#& ()- ' - 10%rwr& () -




T 10988 ()->| KIWZli||}][:NA4L010 © 10984& ()- 109 ()- !f109%& ()-

1099&' ()- 3S310%&' ()- "@O0%W& ()-}'~ PD/[:NA41010 u L ' ! 10284né »o04

SLTI10% & ()- yL ' 11098 () - 9: 10%8& () - @109 ()-

10984&' () - DQRSTal 0bU410 " @OWR! & ()-10%40%0% YIRAOWR ()- ~YORAOWXWX&E () -

Y YR 09s WL OT4858) yoRd 00F! F&' () - anp#4| [ bU410 SI109R! & PFISGAUNNPL () -

3109 & ()- L!glO%R & ()- Y109 & ()- 3LQUR & ()-4hln[*|[:bU4L0

FIOMR & ()- "IFI0OMR & ()-" |IF109R & ()-> “"s10%R & ()- S10% & () -

SIOMR & ()-"al'$' |[:bUA10 . 109RI & ()- '10WR & ()- $3109R & () -

y# 100R & ()- f 18.0%Rhésfslent ontiakAYR! fEie) coriptishhd0 310% %& () - | 410% %& () -

"S10% %&'.() - 10R! 10R! 10R! 9610%&' (%- L610YRI & ()-W | [:vU410

s, 110% %&' ()- 7s, ! 10850ascluding-3 Higahly ghiempigtes afdugjagical image dates o’ () - y

&, F10% @& ()-_ | [: wodeh sai&b@%ﬁf&ﬂé&mit}ésl@ﬂiwﬁ%@léé-ofssgig.g,?{g.gffg}( )g) - I
V -

98.0% Y&' () - 1o Sumeh 10U R ()= $ 5, > 1 1006 YR ()-) *+ QEVUA10 | 4109 &
" @odé/é & 8 ; iedﬁ%%ﬁ%ﬁﬁ'ﬁa%%?f%g/?‘?%s(s%-d%e%‘%%&g'@'-"Eagezﬁféﬁl/a % () - ETW Y8vUA10
$9110% & ()-' 1) S9! 109%& ()-' 159! 10% ! & ()-' 10%& ()-z 10% & ()-

& 2109 &1() - | [ ~4L0! 1o &uetahl Q% &" €3 i J.10% & () - &OM 109% & () -

S 9M 10%15&')(“ 7% 15%?3%@'—1&%%%8‘2’“?@-“@%{%%“@1%/' ossa&ﬁ(‘)g‘%? 10%

& ()- 9!210% daigYith.saidfeplate gsing a Hoggromansfoan aid shifis BOAtticdith @nbarodaHé () - Y
10% 9%&' (B- FFEp4alsdidtion ok Yoldh fanshin. 10 10 Ls10% & ()--_|[:vU410
S $1090" & ()- S $10% %R ()- s $10% &' ()- s $10%& ()- & S10% 9%& ()- Y
10% %&' ()-_/1lau{Z9vU410 yS): $10% %&' ()- Y 10% %&' ()-- Y 10% %& ()-- Y
10%&' ()-4!" s” $1OUKTRY systetn SRR Y& SRS dri erRLQEQYR () -
Sk (e o gt e sl ARG O
1$10%¢8° () - TAPP 8 pyrlitenio 318 ypede defa.ifto imagemiata bjocks, geosttings () -
10984 ()3i G [ anlstdpeam UBdRMRA tntgst leveDIREEd (hage dam%(@édfggg}i%;?l% U ()-" L

1090Y&' ()-° ORE ()= 10 14109 & ()-. " @0% & () -
‘s-slocyét () - agégﬁéf%%@“‘iwm@f!2‘1‘6‘%&'«9"1‘}%’%.‘ 16 538 higjograrg fynctiorsg 109 !

f
& ()- 9108 & ()- " '10B & ()- & fl10B & ()- 109 & ()-)|[:vU410 " 9y#
108 & ()-s 9y# 108 & ()-s L 108 & ()-S 3108 & ()- 9 108 & ()- 9
1094 & ()-R [ NA41010!10!'10! "9, 109 & ()- 9, 10% ()- 9, 10B& ()- 9,
10% ()- >9, 109RCR& ()- It |[:NA41010 7 Z10%<K"K& ()-& Z109& () - &
104 & ()- LO'10% & ()- D 109! X& ()- "S10% & ()- @[:-410! 9" 109 & ()-
Z10B & ()-& Z10NB & ()-& Z10W & () - & #Z10M & ()-& , Z10%9 & () - & bA410! s9
10%Tz& ()-g 10%L%& ()- z10%L%& ()- FF10%L%& ()-
"f10% L% & ()-10!'10! k| [: A410! "#10%L%& ()-z  #10%L%& ()-z
#10%1%e& ()-z sF 10%L%& ()- "s9 10%L%& ()-g s9 10%"#z& ()-g Normal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agraph Font (A'% 7@ JT] g) q=yS+9!' M >| Wwyz{ |} ~&
=)A " L(, 147: <AC) EHMLMNNOUPQQRXSTTUGV@WAY] " a gj np(tuwz>| } Da4”' E_ui ! 6Ti nmes
New RomanAri al Courier New'h Root EntryWrdDocunent
| "H#SUR () *+, -./0123456789: ;
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~



