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ABSTRACT

Thrs thesrs rs conccrncd wrth findrng a novel and enhanced tcchntquc for lingerprrnt

rmagc cnhanccment The process rs marnll drvrdcd rnto rmagc prcprocessrng. features

e\tractron and featr.rre match For each tasL rnrolrcd rn the uhole process recent

mcthods \ rth somc classrcal technlques rn lrteralurcs arc anallzed For lmpro\cd

performance of thc slstem- somc ne\\ codcs arc proposcd rn the program codc t\rth

no\cl solutrons for enhanccment such as cannt edge deteLtor rnd Dlllerence o[ Caussran

arc uscd

Some of thc mcrhods alrcad) uscd for cnhanccment. used drfferent enhancement

tcchnrqucs. drffcrcnt rmagcs. and sho* good rcsult rn cnhancrng thc rmagcs and also

grve more number of accuratc mrnutlac and lcss false detectlon )et thcre r\ no one

or accurate method that can bc rclrable and trustcd for crcr) applrcarron ol llngcrprnr

Kceplng rn mrnd thc shortcomrngs of thc crrsrng mcrhods uscd l_or cnhancemcnt

Expertments are conduclcd to sho\\ performance enhancemcnts whrch are enLouraglng

and bettcr than the alrcad) c\tslrng tcchntqucs



ACKNOWLEDGMENTS

ln the namc ofAllah.the Most Crecrous and the l\4ost Nlercrtul All prarse and glorl

goes to Almrght) Allah (SubhanahuWaTa ala) who 8a\c me the courage and patlence lo carr)

out thrs research trork Peace and blesslngs of Allah be upon llrs last Prophet \luhammad

(Sallulah-o-Alarhrhe-\\'assalam) and all hrs Sahaba (Razr-A llah-o-Anhu ) \\ho de!olcd lherr

llves for the prosperrty and spread of lslam

B) the grace of Almtght) Allah, I tror-rld lrLc lo erprcss m\ admrrllron for the

asslstancc provlded durrng the Sroundwork ofthls thesls lhc comments and suggcslrons liom

anonymous revrclrers ha\c pro\,ldcd cssentlal guldclrnes rn the earl) staBes ofthe manuscnpt

evolutron

I uould lrke to taLe thrs opponunlt) and Stve speclal thanLs lo m\ suPen Isor DrHefiz

Muhamm.d Faisal Zafar, t!lthout hrs hndncss. motr\ alron and support thrs .rll ls lmposstble

for mc He helpcd and gurded me ln complctlng the thcsrs He ga\c me the most nceded

sr.rpervrsron and took keen rntcrcst rn all thc mattcrs r.llted lo m) thcsrs

I uould hkc to pa) thanks to m! colleagues cspeclall) lo Na\ced Khan and Azad

Khan and all m) hea(fclt fflends to provrdc mc a good compan] Panlcularl)- the ,qrea( e l_1orts

ofm] parents and brothcr who gulded and encouraged mc throughout m! Il[e

Therc rs no wa) no words. to c\press m!' lolc and gratrtude Ma) Allah helps us rn

JolloErng the truc sprrrl & prrncrples ol lslam \!r(ten dc,$n rn the llolf Quran and Sunnal

(Aameen)

Weqer Ahmed



TABLE oF CoNTENTS

ConteIlts
Chapter I

Introductron

I I Bromctnc Idcntrficatron rlld Frngerpnnr

I 2 Problem Slatement

1 I ObJcctrvc

I 4 Contnbutron

1 5 Thcsrs Organrzauon

Chapter :

Lteraturc Revlew

Chapter l

Methodolos

3 I Scgncntatroo

3 2 Cann) Edgc Detector

3 3 Contrast Enhanccmcnt

3 4 Normalrzetron

3 5 Gcnerauon ot the Rldge Orrentatton lmage

3 6 Generatron ol thc Rldgc Frcqucnc\ lmagc

I 7 Gabor flltenng

3 8 Thrnnrng and Mtnutrae Extractron

Chapler I

RecoClrlrtron

4 1 Mrnutrac Ma(chrn8

Chaprer 5

E\penmcnts and Dtscusslon

I

I

2
'/

t
8

I

l0

l0

l5

15

li

l6

l6

17

18

19

:l

2i

t8

l8

:e

il
l2



Chaptcr 6

LIST oF FIGURES
Flgurc I I

Frgurc 1 2

Frgurc I 3

Frgure I .t

Flgure 3 1

Flgure 3 2

Frgure 3 3

Frgure 3 4

Flgurc 3 5

Frgurc I 6

Frgure I 7

Frgurc 3 E

Frgurc I 9

Flgure I l0

F'gure I I I

F'gure I 12

l'lguIe 4 I

Frgure .l 2

Frgurc 5 l

.t7

3.7

An Idcal Blomctrrc S)stem

Hcnr! s Cldsslfi lrtrons of FrnPerprrnls

Close-up of rrdge termlnatron and rrdge bllurcallon

Deprctron of ndges and vallets

Segmcntatron

Contrast Enhanccmenl

NormaIzauon

Rrdge Onenianon Imagc

llluslraron of Chrenlatron \\ rndoq

Rrdge I_requenc] Imagc

Gabor Frltenng

Drspla) rng Vrnutrae

Rcmovrng Spunous

Thrnned lmage xrlh Brlurerlron.rnd hndrngs

Zoomed SccUon

( leaned Image

A\es lranslatron and Onentctrorr

NLnu!ae Matchrng

Drstnbuiron ofSenurne rnaich and falsc malch



LIST OF TABLES

Taole 5 I SUMMARY OF RESULTS FoR
BETWEEN NEICHBOURINC MINLITIAE

Tablc 51 Companson

IHt SHORTES-I DISTA\CT
l6

CALCT IL ATINC

io



Chapter 1

Introduction

In the \orld of computer secu t\ brometrlcs relcrs lo aulhcntrlalron le(hnlqucs thal

depend on measurable ph)slcal & bcha, roral characterrstlc\ lhrt can be ,lulomatrlalh

chcclcd I] ln other \\ords. elerlone has pcrsonnel altflbutc\ tha! Lan be u\ed lor

drstlnctrve rdcntrflcatron purposcs. rncludrng fin,qerpnnt. the pattem of rctrna rorce

charactenstlcs ctc as lllustratcd ln figure I I frngcrprrnt berng the oldcst and easrl)

a\arlablc trart of bromctflcs. otfcrs a foolproof means of perronal rdenlrllcauon The

scrence of fingerprrnt ID stands out amongst all othcr tbrcnsrc screnccs for man\

rcasons and uhrch lct the Ilrst forcnsrc professronal organzalon thc lAl

{lntemauonal Assocratron ol ldentrficatron) to launch rn l9l5 BrometnL rs.l

technrque for drstrncll\cl\ recognrzrn,q rndltrduals Nhlch rs bascd on onc or more

natural phlsrologrcal or behar roral propcnl of thc person Ihe method r\ much

acccpted as comparcd to the tradrtronal toLen - based or LnoNledge based mclhod

rnrohrng lD - cards PIN numbers. SSN ctc The reasons behrnd acccptance ol

brometflc for personal rdcntrficatron,/authentrcatron arc

The phlsrcal a(cndance ot

ldentrfi ed/authcnucated

Ihc parlrcular rdentrr] cannol be

the person r\ requrred to gcl rlscll

slolcn. losl forSotlcn shared or harked[]l

I



I I Biomctnc Idcntrficatlon and Fingcrprlnt

Ke'"stoke Scar
Ha.od Scan

Slglaine Scrn

Faoal Scan

Retna Scm Vorcc Scaa
Ioger ScaD

Frgure I I An ldcal Bromctnc S)stem[-]l

Among the avarlable phlsrologrcal blometrlc tralts some of the tralts outp'rform

others[4] Humans havc uscd flngerprlnts for pcrsonal rdentlficatlon srnce manJ

decades l'he matchtng accurac\ uslng finccrp.lnts has been shosn to bc rcn hrgh

as compared to other e\lstlnE blometrlc tralts [5] Ltnhkc t'acc cnd \'olce prtterns

fingcrpflnts are pcrststenl t\1th age and cannot bc casll) dlsgursed [6]

It rs thought that the first knoun tnstance of blometrtcs ln pracllce \\as a form of

lingerprrntrng berng used ln thc l'llh ccntury ln (hlna as stated b\ c\plorer Joao

de Banos [7] In 1880. Dr Henrl Faulds [8] pubhshed an adrcle. 'Nautre' and

drscussed lingerpnnts ats a mcans ol ldentlficatlon. the usc of prlntels lnk as a t\a)

for attarnrng such fingcrpnnts In 1882 Bcrlllon [8] fbr (he first trme de\ rscd a

slstem of classlficatton kno[n as Anthropometr). *hlch measurcs the pafls of lhc



bod) as the pnmar] means of ldentrficatron for ludrctal ldentrt) tle later lntroduced

and rncluded fingerpnnts for thc Judrctal rdcntrlicatron

Frngerpflnts arc rncomparcbll thc most sure and unchangtng form of all olher loans

of srgnature [g] A fingerpflnt rs constrtuted b] a set of rrdge lrnes shrch often run

srde by srdc. somctrmes lntersect and termlnales sometlmes Thc pornts \\hcre thc

rrdgc Lnes tennrnate or fork arc callcd the mlnutrae !0] \\'hcreas dlcordrng to

Galton cach dgc rs characteflzcd b) numcrous mrnute pecullflrrlrcs callcd mrnultae

\\hrch maJ,drrrde and almost rmmcdratcl) rcunrt-r. surroundrnq a small ctrcular or

ellrptlcal space or sometlmes thc rndcpendcnt endrng or begrnnrng of rrdgcs Lastl)

thc rrdge pattem of the fingerpflnt rmage ma) bc so sho( so as to fo.m a small

lsland cven

Latcr Edward HenD (1850 - l9ll) Ul] rcfined Callon's classrficalron b1 rncrcasrng

the number of classes of fingcrprrnt lmages Ma\lmum amount ot all the

classrficatlon schemes presenlll uscd b) thc polrce agencles arc \anants of Henr!'s

classlllcatron scheme The schemc adopled b) LBI defines three maJor classcs and

erght sub classes as sho\\n rn Frgure I 2
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Flgure I 2 Hcnry's classlficatlon of fingcrprlnt Pafterns

The ttree maJor classes are

a) loop

b) arch

c) Whorl

a
rdfd Ldp

T
ftdd.nrtl

Vhorl

a) Loop Pattems

ln a l-oop pattern. the rldgcs \rlll flol\ ln one stdc. recurre _ p'rss

through or touch an tmaglnar) l,ne dratrn from the corc tL) the della and

leavrng the pattem on the same sldc from $hlch lt enlered { loop pattern

has onll one delta The delta rs found as a trlangular lrec Nherc the rldge

radlates out\\ard ln thrce dlrectlons

Loop panems has tBo l)pes



I fllnar loop

2 Radral loop

b) Arch Patterns

ln cn arch pattem rtdges starts ln one sldc and run out the opposlte srdc

Arch pancms has no de[as and are o[ ruo llpc'

I Plarn arch

2 Tcnted arch

c) \\'horl Palterns

A \\horl pattern consrsts of a sertcs of almost conccntrtc clrcles \\horl

panem has four typcs

I Plarn uhorl

2 (entral Pocket Loop *horl

I Double Loop $horl

4 Accrdcntal whorl

Whorl pattems aclount for 25% of fingerpflnts Ul]

A Ilngerprrnl rs thc patlem of lntcrlea\cd !allels and rrdges on the surlice of

a fingertrp \ hose lormallon rs detcrmlncd dunng the first se\cn months of l'etal

delelopmcnt It has becn cmplncall) delermrned that thc fingerprlnts of ldenhcal

$rlns are drfferent and so arc thc pnnts of each tinSer ol the same person 15]



A Scnctrc codc rn DNA grves general ,nstructlons on the uay slln should form

,n a de\eloprng fetus. but the specrfic *a; rt forms ls a rcsult of random eT cnts

(re thc exact posltron of the Ietus ln the \omb at a parllcular moment and the

exact composltron and densrtl ol sutoundrng amnlotlc tluld ) Thls Is the rcdson

behrnd the drfference rn fingerPrrnt c\en rn rdcntlcal turns case Il3l The

fingerprrnts are fully stablc at about sevcn months of fetus de\elopment 3nd

finger ndge configurauon does not change throughoul the llfe of an lndl\ldual

. crccpl rn case of accldcnts such as cuts on the tingerprlnt etc [l'l] Srr francts

Galton conducted an e\tcnslve stud) on fingcrprlnts and lntroduc€d the mlnutlae

fcatures for fingerprmt matchlng rn 1888 [8] The t\\o most notlceable rtdge

features called mrnutla Polnts- are ndge btlurcattons and rrdge cndrngs [15]

Frgurc l3 rllustrates thc e\ampte ol fingcrprrnt !\lth rts rldge blturcatlon and

rrdge cndrng pattcrns In a fingerpnnt rmage rallels arc brrght \!hereas ndges

are dark Rrdgcs and valle!s often run ln parallcl somctlmes the) blt'urlrte and

sometlmes they lermrnate The figurc l1 shous some eramples of rallcls and

rrdges

Fr,lge

Frgure I 3Closc-up of ndge termlnatlon and rldgc blfurcatlon



\'.rllers

Frgure I .1 Dcprctron of rtdgcs and rallels

A mrnutta bascd fingcrprrnt rdenttficatlon s\stcm aPproachcs lollcrds ertractron

oi the dge panerns correctl) A good qualtt) fingerprtnt conlalns 25'80 numbers

of mlnutrae |6] dependtng on the scnso. resolullon and finger placemcnt on the

scnsor However the latent Ungerpirnts or the fingerpnnt Images talen through

poor scanncrs. are found to harc fc\\cr amounl of mlnuttac Pornts In order 1o

safeguard thc mrnutlae cxtractron procedure 1o be a health) one.the s]stcm mu\t

ha\e good qualrt) of fingcrprlnt rmages as lnput and thrs grves a reason to lhc

fingerpnnt rmagcs for cnhanccment

1.2 Problcm Stet.mcnt:

The fingcrpflnt lmages arc hardly oI rdeal qualrt). due to lhe reasons lt[e

vaflatlons m rmpresslon condltron . skrn condrtlon. scannlng devlces or ma) be

due to non-coopcrahvc approach of the subJect Thls corrupted qualtl) of

rma8e can result ln a maJor number of spurlous mrnunae bctng formerl and

gcnurne mlnutrae bemg rgnored A kcy slep rn studlrng the slatrstrrs of

fingcrpflnt mrnuuae rs 1o rclrabl) e\tract the mlnutlac feature from fingerprrnt

lmages Thus rt rs !rtal to emplo) rmage cnhanccment technlqucs prtor to



mrnutrae cxtractlon to get a good number of rellable estlmate of mlnutlae

locatrons[81

Man) tachcs hale bcen taken to rmprove the fingcrprtnt lmages at \arlous steps

of enhanccment whlch lncludes. normallzatton. e\tractron of reglon of mterest. rldge

oflcnlatron estlmatlon. rldge frequenc) cshmctlon. morphok)glcal stePs ln\ol\ed

detcctron and matchlng et!

Some of thc melhods alrcad) uscd for cnhancement. uscd drttarent enhanccment

tcchnrques. dlflerent rmagcs. and show good result rn cnhdncrng the tmcges and

also glvc more number of accuratc mrnutlac and less falsc dctcctron. 1ct there rs

no srngle or accurale method that can bc rclrable and lrusted lbr c\ery appllcatlon

of llngerpnnt Keeprng rn mlnd thc shoncomlngs of the e\rstlnS methods used tb.

cnhancement. rn thrs thcsrs a nolel mclhod of rmprovtng the qualrt) of the fingcrprlnt

rmage and obtarnrng better result ls c\pcrlmentalh dtscusscd and srmulatron detatls

arc grlen

1.3 ObJ.ctrvc

Thc corc objectr!e of fin8erpnnt lmagc enhancement rs to reco\er thc rrdge

characte0stlcs of thc rmage . as lhese ndges carr) thc tnlormatton Lrl

charactenstlcs features nccessar) for mtnuttae e\tractlon ldcJll) tn a \{ell-defined

fingerpflnt ,mage. the ndges and vallcys should alternatc and flol\ ln a locall)

constant dlrectron Thrs regularltres facrlltates the deteetton of rldges and



consequentl) allow mtnutlae to be prcclscly extracted t'rom the thlnned rld8cs

!7] Thus. the corrupllon or nolsc has to bc reduccd through rmage enhancement

tcchnrqucs to get enhanced dcfinrtron of rldge'' agalnsl ralle;s rn thc fingerPrlnt

lmaSes

1.4 Cotrtribution

Ne\\ contflbutlons ln thls thcsrs are

1.) The rntroductron of candl cdge dctcctor In the enhancement process

2) E\penments shows the proposed algorlthm ts bctter

3) TheCode uscd rs eastll adapted

-1) TheCode rs casrl) rmplemented

1,5 ThcsN orgenErtlon

Rest of thc thesls prcscnts a bcttcr performance to mlnutlae bascd fingcrpnnt tmagc

cnhancemenl Chapter 2 pro\rdes the lrteratu.e re\te$- ( haptcr I prcsenls thc

methodolog) and lmpl€mentatron of a sertes of techntqucs on fingcrprlnt lmage for

cnhancement afld chapter -1 Prorrdes drscusstons on mtnuttce extractlon technlque

and chaptcr 5 provrdes expeflmenlal results and comments rT htle concluston and futurc

e\tensrons \r'hrch can bc made to thrs project are rn chapter 6



Chapter 2

Literature Review

Numerous rescarchers havc addcd to the area ol fingerprrnt rmage enhancemcnt As

rn the prevlous scctron the nccd of enhancement ls becn drscussed- shll these

rdentrficatron system rs popular because of lts Inhcrcnt ease ln lmage acqursrlron

the numcrous sources bcen alallable for collcctron of data to crcate r slrong database

of fingerprrnt tmages and therr estabhshed use and collectlon b\ la\r enforcement

for pcrsoncl rdentlficatlon and lerrficatlon of the sublect

Usagc of fingerprrnts rn recognrzrng characters has

rlhcn Francls Calton dclined somc of the features

used for rdentlficatron These Galton potnts" arc

rn u\c srn!e l9'h centurl

\hrch fingcrponts can be

basrs for the scrence o[

been

from

thc

10



fingerpflnt ldentrficatron. whtch has extcnded and lmpro\ed ovcr tlme Flngerprlnt

rdentrficatron bcgan rts transllton to automatlon m the lare 1960s along \!llh rr\e of

computrng tcchnologles Wlth the arrllal of computcrs. a subsct of Gclton polnts.

denoted as mrnutrae. has been uscd to dc\clop automated tlngerprln! lechnolog)

In the )car 1998 Lrn Hong et al !5] havc proposed a fast fingcrprrnt enhancement

algonthm The algorlthm lmproves the rldge vallc) structure bascd on esomated

local rrdgc frequcncl and orlcntatlon Goodness lnder T alue for the mrnuoac

reflficatlon dnd celculahon rs used for tha performanca of lmage cnhanccm'nt

algo thm The dtsadvantage \^1th the suggested tcchnrque ls that lt flops rn case

of norsy rmages ln the )car 2000 Grccnbcrg et al [19] p.oposed ri\o approaches

for fingcrpflnt enhancement The first scheme ls carrled Lrut Nllh loaal hlstoglam

equallzatlon. tmage btnarlzatlon and Wrener filtenng The second scheme use an

unlque anlsotroprc filter for drrect gral scalc enhanccment The rcsults olthc method

performed rmprorcd for enhancement and the average error percenlage tn tcrms of

false and droppcd mtnutlae produccd. by thc suggested approach are sltsnlflcantly

louer The tmprored Cabor filter aPproach(that has consrdered lhc no\el factors for

standard devldtron) works bcttcr for poor qualtq lmages wlth degraded rldges and

blocks

In the )ear 2002 Yulrang Hc et al [20] offercd c dlfferent technrque lbr ortcntatton

estrmatron to thc fingcrpalnl lmagc !\here the rldge orlentatlon drrectron r.tl a pl\el

rs drrrdcd tn erghl drrechons The rrdge dlrectlon of each prrel !aluc of those elght

drrectrons- have bccn applled urth 9+9 srndou \\rth the Plxel at the centcr DurmB

the blnarzaoon stagc. dlrect blnarzatron ol the rmagc ulth lts orlentatlon lleld ls

applled rn placc of brnarrzatron b\ means o[ global thresholdrng

11



ln 2003 RThar [17] rn hrs thesrs \\or[ shoNcd thrce addrtronal stagcs added to thc

alread) cxrstrng enhanccment mcthodolog) of HonB et al Il5] The stages are

scgmcntatron of tha lmagc blnanzatlon and thrnnlng of lhe rmage Durlng

segmcntatron hc uscd a merhod based on vartancc thrcsholdrnB lo separate !he

forcground reglon of thc lmagc from the baclground regrons The blnartzatton ts

done consrdenn8 thc Slobal threshold valuc and the thlnnlng proccss ls performcd

usrng 2 rleratrons vra l\'IATLAB opcratron thrn' and the N4ATI-AB funclron

b\\morph' Mrnurlac e\tracllon ls donc b] crossrn8 number mclhod D Maltonr cI

al []llrn rhc same )ear hare proposcd a mean and standard derlatron ol lhe

fingcrpnnt tmagc to c\tract reglon of Inrcrcst [hrch has thc ad\antage of ease rn

calculatronThedlsad\antagelsthatltdocsnolcutedges\eD\\cllande\endocs

nor \rork \ell on too dr)'or loo t!cl fingers

ln the )car 200-{ Scn 'rYan8 and YangshenB \\'ang [22] approached for bandpass

filterstorcmovcthcundeslrednolselnthefingerpnntlma'qesllhasthedlsrd\antage

that lt conc€ntrates onl) on thc slnglrlar pornt of thc rmage In lhe \amc )ear

Chaohong u'u et al []l] ha!e appllcd an comblnalron of anlsotroplc filter and

drrectronal medlan ,llter(Dl\4F) lo enhancc the finSerprrnt rmagc\ as Caussran_

drstrlbutcd notse arc reduccd cfficrentl] b) anlsotroplc lilters and rmpulsl\e norse

are reduced b} DNIF Thc suggcsted slstem has adrantages llkc features of rldgc

boundarrcs became funhcr smooth rldgcs thal crc broLcn ere Jorned p'rt'ctl)' lhe

holes rn the rrdges arc complctcll rcmo!ed The drsadtantages \rth the approach

arc hkc pores of fingerprlnt rldgcs atc complctcl) rsrnols! \hrch onglnall) lred ln

lnput fingcrprlnt rma8c. the anlsolroplc lllter parametcrs and lhc t\rndo$ length 
're
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sct emprrrcall! and e\hrbrts farlurc when applred on hcarrll norsl lmage\ 2nd

oflcntatron calculatlon also farls for those rcglons on fingerprrnt

ln thc )ear 2006 S Chrkkerur ct al [24] rnlroduced a norel approach for fingerprtnt

enhanccment based on SIFI (short tlmc Fourrcr transform) anal)sls and thc result

of thc mcthod rs dependcnt on the chorcc of thc wrndo\\(re a l3tll urndon) for

resolvrng the propcrtres of the lmages both rn frcqucncr and spacc Through

cnhanccment rn thc first phasc thc author has used a rarsed coslnc *lndoN that

ourlrnes the rmaSc end ts responslble for computrng all the lntnnsrc rmages ( I c th'

rmagcs thosc rcprcsent thc !ltal Propc(rcs of the fingcrprlnt lmagc as a Pl\el maP

of fingerpnnt) and rn thc second stage thc lmagc ls dlstrlbutcd ln orcrlapprng

\rrndoEs and a band-pass Butten\orth fillcr rs uscd on e\er) \\tndo\\ to reburld thc

enhanccd rmage b) ttllng the results ol enhancement of e\er\ srngle locdl \rrndo\

A rctatr\c rmpro\ement ol I70,o rn thc fingerPrlnt recognrtron rate rs obsencd altcr

enhancemcnt

ln the )car 1007 Xr-Fcng Tong ct al [25] proposcd a tNo lcrcl Lon\olutron

template whrch rs deslgncd accordlng to rldge dlrccllon and a srmplrfied

convolutronrs used to cnhance fingerprlnt lmage The propos.d alSorlthm rs taslcr

consrdennglhc tlmc drfficult) taclor and shot!s bcttcr results than thc Cabor filler

bascd enhancemcnt In the samc lear S A Sudrro ct al []61 proposed

an approach for fingerprlnl lm.8es to detect mrnutlac \\hrch consrders ralle)s

rnsteadof fldgcs and lhc aPProach ls bascd on crosslng number procedure lhr\

algonthmtakcs relatt\el) lcsser tlmc for calculatron and the numbcr ol mlnutlae

13



potnts are closer

The sho(comrng

to the actult number of mlnutlJc e\lstrns In thc finecrpnnt tmage

llrng wrlh rhe mcthod rs that lt has a rathcr poor thrnntng proccss

ln 2O0EM Scpasran cr al [27] proposed a (CLAHE) contrast ltmrtcd adaplr\c

hrstogram equaltzatlon method for hlstogram equallzatlon bascd enhancemcnt on the

fingerpflnt lmagcs Thel harc also approachcd for an adaptrre blnanzatlon mcthod

Prevrousl) rn btnartzatlon an unlque thrcshold ralue ls sct Iocall) for general

fingcrpnnt rmage analtsls but lhc) vary In terms of contrast and lntenslt) Accordlng

to thc proposed rechnlquc thlnntng rs done b) usrng Jn lnrlrrt slrde ncrghborhood

process Io ellmlnate the 8ro\\1h oI lncorrcc! lntormatlon rn llnBerprrnt lmrge and

the resultlng tmagc rs produccd onl) ln onc slep \\lthout an) lnlermcdlatc flltcrlng

and conscquentl) l^lth tess comPutatlonal comPle\ll) In thc lear 2009 lbrahrm et

al [28] harc proposcd a dtrccttonal Causstan filtcr for smoothrng Drrcctronal

crploratron rs pcrformcd b) the Non'subsamPled Contour_lel TranslormlNS( [) on

the smoothcd tmagc lnd then dlrecttonal cnerglcs ar€ used lor thc r'conslructron of

enhanccd rmage Basrcalll rhc NSCT. rs based on thc concePt o[ Non'Subsampled

Laplacran P)ramld and Decrmatlon'Free Dtrecttonal Flltcr BanLs (DDfB) also

l*nonn as Non-subsampled Dlrcctlonal Fllter Banks

A usc of Non'subsampled Laplaclan Pyramld ls carrled ou! 1(.) dccompose the lmagc

rnto hrgh-pass and low-pass After that the Non-subsampled [)rrectronal l-rlter BanL

rs applrcd onll lo the hlgh_pass rmagcs to funher decompose the trequcnc) band

Thrs enhanced lmage rs the resul! of addltlon ol the resullan( lmagcs from threc

stages of NSCI and a maxlmum encrg) on crer) pr\ct of thc rmagc rs calculatcd

ln the )car 2010 Mao er al [29] proposcd a con\cnrcnt l\a\ lor fingerpnnl rrdge

14



oncnlauon calculatlon Alon8 wlth that a modrfied Cabor llltcr based filterrng ts

applred ro compute rldge orlcntatlon and ndge freqr'renc1 llcrc the Gabor filter

needs to computc a quartcr of the orlglnal filrcrtng calculatlon Henceforth the

fingcrpnnt enhanccmenr technlque guarantces on lcsser tlme consumptlon (le rn

seconds) and expenses loo ln 201I Shrla Samantar) proposc a DOC (Drlltrencc ol

Caussran ) bascd FrnBerprlnt lmage Enhanccmcnt technlque ln thrs approach Gausslan

tilter $rth Drfferent Paramcters rs appllcd to the lnput lmaSe and lhe dlfference

rmagc of the t$o Caussrans rs uscd for fcature e\tractlon IJll

Chapter 3

Mcthodology

J.l Scgmcntahon

Thc first task ls to find lhe rcgton of thc fingcrprrnt liom thc lmagc In thrq task

morphologrcal operatrons havc bccn uscd Frrst thc lmaBe ls thrcshold and rnrersed

to producc a \\httc flngcrprtnt on a black backgrorjnd Ihcn lhc blnaq lmagc r5

drlated and thc holes are fitlcd rnslde a for loop unlll the rmatsc contalned onl)

onc connccted componan! Aftcr thls. thc rmage rs croded as man) tlmes as lt ls

1S



dllatcd to

fingerprrnt

algonthm

compensate

regron The

are sccn ln

the e\pansron of lhc borders

oflgrnal fingerprlnt rmage and

Frgure 3 I

lhc result rs a masl for the

a mask generated usrng rhrs

Frnure I I Scqmcntallon
Leir Ongrnal lmage RrBhr) Segmcnrcd Vas[ oi Lefl

3.2 Cenny Edge D.t.ctor:

In thrs rpproach crnny cdge dclcctor rs uscd to sharpen the rrdgcs rn the linPerpnnt

rmaBc The Sharpcnrng ts done ln such that thc edgcs of the 
'tdgcs 

are lbund out

and *hen the cdgcs are found lh€ dlstance be[tecn the rldges ls a lltlle \\rdened

as thc black plxcls are thlnncd Cann) operator s constrarnts let ll to bc Pcrsonelrzed

lo recognrtron of edges of dlfferrng characterrstlcs dePendlnB on the panrLular

necessrtles of a gl\en appllcatlon The Cann] alEortlhm Lontarns a number ol

adaptable factors, shrch can affect the trme of computatron and elllclenc) ol the

algoflthm

3.3 Contrast Enhanccmcnt:

16



For contrast enhancement (CE). adaptlvc hlstogram cqualzahon rs used Adaphve

hlsrogram cqualflaoon cnhanccs thc contmst of lmages b) ake ng the values ln thc

lntcnslq lmage. norkrng on small data reglons (tlles), rathcr than thc Ehole tmagc

The nclghbonng tlles arc thcn combficd uslng brllnear tntcrpolahon ln order to

remove artrficlalh lnduced borders Thc dtfferencc. especrall) ,n homogeneous zoncs.

can be llmlted ln order to dodgc amphfllng the notse \\h,ch mtght be e\tstcnt n

the Lmage

Frgurc 3 2
Hlstogram of the lmage

Contrast Enhancemcnt
before(lcft.) and afl c(nghr) contrast enhancement

3.4 Nor]nelizahon

In thc second task. the

dcsrred mean valuc and

orlglnal rmage ls

varlatron lhts rs

normalzed to

done uslng the

) leld an rmagc wrth

formula

the

N(r,7) =
,t Q,1) > M

, else

1,"

I

+
(r l)

Mo-

vo(t (t, t) - M)2

vo(t(1,))-M)2
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\tr'here ,\' rs normaltzed Image. / ls thc rnput rmrBe.

2nd \aflatron. 11 and I' arc the orlglnalMo and Vo are the desrred mcan valuc

As rt can be the contrast ln the normallzed

oflglnal

l- r,'rr 1 1 NormallT,atron

Before (Lcft) and Afler I Rrght) No.mdltzatron

3.5 Gcn.ration of the Rldg. Ori.nt'tion Im'ge

Nc\t. thc orlcntatlon of

\as filtcred block\Ilse

to thc Sobcl gradrcnt

Ma(lab The orrcntatlon

cquailon

e,," = 0St^n-'#"

rmage rs much bc!lcr than rn the

thc rldges \\as detected b) usrng \obel masks Ihc rmage

ln each blocl. the horlzonlal 'rnd renrcal cdgc respon\es

opcratrons \\crc calculatcd tlslng thc edqe ftlnctton ol_

of thc rtdges lnslde the blocL nas calculatcd usrng tht

18
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The ne\t stcp ls to calculate lhe rrdge frequencres rn the bl(rcks the orrcntatron ls

calculalcdAr,,rndownrththcslzeL\\r\\rasplacedalcachblocksoihrtrls

center potnt was at the centcr polnt of the block and lts orlentatron \!es lhe sam'

es the calculatcd orlcntatton of rldgcs rn the block Thrs ls secn rn Frgure 3 5 The

r\rndo\.\ srze for the lrcqucnc) calculatlon was 62 \ 3l

Thrs rs rcasonable, slnce thc orlented \\lndo* should be about l\\lce as \\rdc as

hrgh (rn thc ongrnal paper Il], srzc l6 \ l6 \\as used tn lh' orrenlalron (alculJtlon

and 32 x l6 rn the frcquenc) calculatlon) to conlaln sc!eral rrdncs to calculatc the

Ircqucncy of Also thls ts lllusrralcd ln Flgr'rrc 5 The rcad) frequcn() rmage as *ell

as thc normaltzed fingerprrnt rmagc ls secn ln FIEure 6

lrrll Rdrt Ctrlrl(.rrm

tthxl

Frgure 3 5 Illustrahon of Orrcnlatron srndou [3]

?o



r,

t,

t

Frgurc 3 6 Rtdge Frcquenc) Imagc

As sho$n, thc fiequcncles ale hlghcr ln the edge regrons and near the ccntcr Thls

rs because thc changcs rn thc orlentarlons are hlgher there as therc aae more rldges

rn thc cdges than ln center

In latcr steps rt r as notlccd that the result of Gabor'filterng and the blnar) lmagc

was smooth but thc filtenng drd not fusc ndges \\lth thls valu. Especrall) m the

lower scctlon of the fingcrpnnt. thcre are lots of brokcn ndgas because of a posslble

cut ln the fingcr Thcsc fldgcs can be rcstored rn later phases Thc ficquencl tmagc

rs also smoothcd Thc smoothln8 rs donc rn J \ J blocLs and that ts $h) thc

frequenc) lmage has to bc zero-paddcd before smoothrng After tha zero-Paddrng.

over-lndc\rng cannot happcn

3.7 Grbor Filtcritrg:

Aftcr knoqrng thc ndge oicntatron and Iiequenc) rn cach block. rt rs possrblc

filter the rmagc blockBrse wrth thc Cabor filter Thc Gabor filter for cach block

defined as

to

ls

21



l-o sl!, i*ll,o'rz"t x,pt
h(x,y:q,f) = s\ tai dilr

xa=xcosq+yslnq

lq = -x srn rP + Y siru?3 46

3-l

I .la

Whcre q ls the orrentatron ofthe Gabor filler (pcrpendtcular to thc rldge orlentatlon)

/ ls the frcqucnc) of the block. and 6t and dl arc the standard dellall(rns ro the

drrectrons of { and } a\es. respectrtel). and (\ }) ls a 2D coordrnatc gnd t'or

the Gabor filter

The filtcrmg was done \r'rth the blockproc command rn Matlab Bloct' slze \\is the

same thc oflcntatlon and frcquencl $as calculated ln. ll \ 3l To get a smoothcr

filtcnng rcsult [hcre the borders of the blocks t\ould not be rrsrble. a border of

2l pr\els $as used for the blocks

Frgurc 3 7 Cabor Frllenng
Normalrzcd lmage ( Lcft) and resuh ofGabor Frlrcr (Rrght)

22



For each block. the

'1 The stze 2l i 2l

for t6 \ 16 blocks

\\as 05 \ F

aPProprlatc 2l x 2l

for 3l x 3l blocLs

uscd rn thc orlglnal

Gabor lilter \\as gencraled \\lth Equatlon

ls comparable lrlth thc Il \ ll llltcr slzc

papcr [3] The rah.re uscd lor .7' and 7,

It ls con\entcnt that the values for th€ st'ndard d€\'latrons are adaptltc to the rtdgc

frcqucncl rn the processed block Also' thc c\pcrlments done sho\\ed thrt thcse

\alues \\'orks Trell After definrng thc Cabor filter for the block the block \as

filter€d uslng thc lmfilter command Thc values outslde lhc nlask as \\ell as thc

NaN lalues $erc sct to zero After Cabor filtcrrng lt rs eas! to gcncrate a blnar]

rmage by threshold of 0 Flgure 6 prcsents thc normalrzed frneerprrnt rmage thc

Iiltcred rmage and the blnar) lmage gcneratcd from the fillercd lma8e ln the blnar\

rmage. the rldges are sct to thc !alue t and background to the \alue 0

3.8 Thinnlng rnd Mlnuh.c Extr'ction

The blnar) tmage llcld€d ln thc prevlous slcP $as thtnned b) uslng thc b\\morph

commandofMallabFromthcthlnncdlmagc.thebtfurcatronsandcndtngsare

easl to find Houevcr therc are alwa\s undcslrcd spurs ln the thlnned rmage caused

by the unevcnness of the blnar) lmagc as seen on the lcft of Fl8ure I 8

13



Frgure 3 8 Drsplaymg Mlnutrae
Brnarl lmage (Lcf0 . Thrnned Imagc (C.nter) and lmage sho\\rng Mrnulrac (Rrght)

These spurs hale first to bc deletcd Thc removal of the spurs r e prunln8 \\as

done as follous

I The current skeleton lmage skel rs saved 10 the lmage old sLel

2 The and polnts and branch pornts of skcl are dctectcd uslng the b\\morph

command

3 The 3 r 3 nerShborhoods of the branch pornts rn the s[e]eton lmage are set t(,

zeto

The rcsult rs sared to

-l All the connected

phasc 2

arc removed tiom the

the lmage spurs

componenrs that do not contarn an end pornt detected tn

lmage spurs In thls step. thc command b\\select'ls used



5 The connectcd components conlalnlng morc pl\ets than a parameter ma\-lenglh

(hcrc. l0) ere rcmovcd from the rmage spurs

6 Thc rmagc spurs ls subtracted from thc lmage skcl

7 Thc end polnts ln skcl arc dctccted uslng thc b\morph command

8 All end pornts of slclln 3 r 3 ncrghbourhoods of the branch potnts dctectcd rn

phase 2 arc sel to 0

9 The phascs I - 8 arc repeatcd unhl therc ls no dlff€rcnce bct\cen slel and

old_skcl

Thc last phasc ensurcs that also spurs $lth spurs are rcmoved A closc'up of thc

s|eleton rmage bcforc and eflcr prunlng rs seen ln Ftgurc i g

Frgure J9 Rcmovrng Spurs
lmagc bcforc (Lefl) and After Rcmovrng Spurs ( Rlght)

Aftcr rcmovrng thc spurs. the btfurcattons and the cndrnSs of the ndges \+crc

dctcctcd b) utrlrzrng thc crosstng nr.rmbcr Crosstng nr.rmbcr rs defincd as

cN = 0.5 XlP, - Pn1l,P" = P, I s

23



\trhere Pl rs the pr\cl on thc rrght srdc of thc pl\el the crosslng numbcr ls dcfined

for and P2 rs the nc\t pt\cl rn CCW drrcctlon Thc crossrng number ls calculatcd

for each lrhrlc pr\cl of thc sleleton Thc pl\el Is an cndlng lf CN = I and a

blfurcatlon tf CN = 3 Tle ro\r and column of the brfr.rrcatrons and endlngs arc

saved Frgure J l0 sho\rs lhe btfurcatlons and cndlngs plottcd on thc pruncd sleleton

rmagc

Frgurc 3 l0 Skeleron (Thrnned Imagc) shorrng Brfurcatrons (Bluc) and Endrngs (Rcd)

Thc outcrmost cndrngs rn Frgurc 310 should not bc used lor malchlng slncc the)

arc dcpendenl on thc posc fingcrttp *hcn the fingerprrnt has bcen talen Thus. the

cndrng pornts rhat are too closc of the bordcrs of the mask should bc dlscardcd

26



Frgure 3

endrngs rs sho\\n ln Flgurc

I I A Zoomcd Scclron of ligurc 3 l0

112

rmage !rrth cleaned

Frgure 3 l2 Cleancd lmage

17



The fingcrpnnt Clcanlng ls donc b; first rcmortng thc lnner parts of the mask'

dllaong lhe edgc 5 ttmes & remorrng thc end polnts aftcnlards. t\hlch la) on the

drlatcd cdge Thrs mcans that the cnd polnts $lth dlstancc of 5 pl\cls or less to

the cdge arc rcmovcd

Chapter 4

Recognition

Thc mosr rmportant pan ts of a fingerprlnt recognltlon slstem ls fingerprlnt matchlng

mclhod []l] $hcn thc thrnncd tmagc rs obtarned \hrch rs clcancd fiom all spurs

the mrnutrac matchrng rs rclattvcll cas;- As thcre ls a dcfincd coordlnates of cach

mrnutrae pornt esprclatl) wrth refercncc to the corc polnt. t\hlch Is also obtalned ln

some c\pcnmcnts

Lo.d llnaqc______--_

Scgmenutton

-...----------=F:_Contrast Enhanccmcnt

,J
Normalrzatron

lmage Acqursrtlon

28
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Frgure 4 1 Flow ch.rt of Frn8erpnnt lmag. Enhancament and Recognrtron

4.1Minutrae Matching

Because the posrtron of the fingertlP can vary bet\ cen thc rmagrng of the fingerpnnt

rhcre wrll be some rotirtlon & translatlon bctEcen thc e\tracled leatures Also- the

scale can change sublect to the derrcc taLrng the lmagcs and there mlght aPperr

some cuts Atso. the Ilngcrtrp ls a 3D struclure $hereas thc tlngerprlnl r\ 2t)

thereforc. non-lrncar transformatron can also occur beN\een the rmages [31]

Afrer cxtractrng lhe set of(fcaturcs) l_c mlnutla polnts of t\\o fingcrlrps lmages lct

be tested. mrnut,ac matchlng ls pcrformcd ro check $hcthcr thc) belong lo lhc scmc

pcrson or not

An alrgnment based match algorrthm rs uscd lt lncludcs l\\o stagcs llrst rs thc

alrgnmcnt stage and thcn the matchlng staBe
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Alrgnmcnt Cr\cn t*o scts of fingcrprlnt

mrnutra from each rmagc. calculatc thc

!rrrh thc t\4o refcrcnced mlnulla polnts

rmaBcs to bc mrtched. choose an) onc

slmrlant) of the t\\o rldges assoclated

usrnS thc srmllartl) cquatlon

srm = :.1=oz,z,/ [t-,i 2,17_,11 "\12\

whcre (2,-2.) & (Z -Z\) ar. the set of mlnutra tbr each llngerprlnt lmage

respcctrlel\ And m Is mtnrmal onc of thc n and N ralue lt the stmtlarttl scorc ts

largcr than 0 8. then 8o to step 2. othcrulse contlnuc to malch thc nc\t parr of

ndges

U hcre thc serrcs o[ z-coordlnatcs (zL. zr zn)of the Polnts on thc ndge rcpresents

rhc ndSes For cach rldgc tcngth t- a polnt rs sampled stanlng from the mrnutla

polnt. r\here the L ls the avcra8c lnter_rldge lcngh And n ls set to l0 unless the

rotal fldgc lcnglh ts lcss than l0rL

For srmtlartt; largcr than afi\ed polnt(the threshold) cach set ol rntnulla

rs transformcd to ane\r slstcm (co'ordlnatcs)$hosc orlgln Is al the rclerenccd

pornr & \ hose z'axls rs colncrdcnt ulth the dlrecrlon of thc reltrcnced polnt

2 l\y'atchrng stage \\'hen tuo scts of transformcd mlnulrac polnts are obtalned lhe

adaptablc matchlng alSorlthm ls used to calculale thc metched Palrs ol lcatures

(mrnutlac) b) supposlng (bascd on a Pre_defined threshold) thal the t\o mrnutla

havrng almost the samc posrrlon and drrectlon are dupllcate (oi_ the same

pcrson)

Usrng the fotlot\lng formula ihc mlnutlac pornts are translat'd and ro@led
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u hcre ().2.0)

4L

mrnutra and TNI Is

/r, - r\
\;:-;)

hc reference

/rr-new\
I zt_new | =
\er-"e* f

rs thc paramctcrs

TM.

oft

(.

*= l.
L

Thc lollo\.\ rng dragram

os€ -*rr€ 0\

,.g aorO O I

o o t)

lllustrate thc cffec( of

ll

translauon and rotatlon

re

o

Frgr.rre:l 2 Axes translatlon and orlcntatlon

Thc ne$l) obtarncd coordtnate slstcm ls created at mlnutra F.nd thc neu z_a\rs

ls corncrdcnt $rth the drrcclron of mrnutral_

ln Nlatlab aboundrng box around cach templetc mrnutla ls placed Il the mlnutla to

bc matched rs wrthrn thc bor. & thc drffercnce bctt\cen them rs \rrthln a sPeerllc

thrcshold (\!hrch rs \ery small), thcn thc tuo mrnutlac are rcgarded as a matchcd

mrnutra parr Here qc assume that thc scalcs arc not changed srnce thc rmlges arc

t2ken b\ the same dc\lce
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II
Frgure.l 3 Mrnutrae Matchrng

Chapter 5

Experiments and Discussion

Thrs chaptcr $rll glve dclarl of the erpcrrments conductcd ln thrs research *ork and

performance analysrs has bcen gllcn Images are talen from a databasc \,"hrch ls alrcad)

e\tensrveh uscd for expc ments on flngcrpnnt lmage enhanccmcnt and recognltlon For

the purpose of slmulahon and c\pcnmcntatron. morc than hundred rmages are selccted

f.om the blg databasc of Frngcrpflnt Vcnficatron Compchtron (FVC 200.1) DB2. whrch

ls avallablc onLne for frce Thepurposcofchoosrngthrsdatabascrsobrrouslybecausert's

fiech avallablc and rs uscd extcnslvel) b) scrcntrsts and students for thcr research purpose

rn the fingerpnnt arca of stud) and evcr) couple of ycars a cornpetthon ts held
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lntematronally bascd on the databases of FVC In thls rescarch t\ork the mam featurcs

uhrch are used for rccognltlon and enhanccmcnt arc thc mlnuhae The mlnuhac extractcd

arc anallzcd for drfferent characters such as thc dlstance bet\aeen the mlnutlae. lhe core

pornts and the standard de!latron

The scquentlal steps and thc rcsults are as follo\\

!b'

Frg5lOngmal tmagc
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Frrst of all a program code rs burlt rn MATLAB fbr all the tasls rn thrs thesrs Thc

ongrnal rmaSes segmcntaoon mask ls found, then 11 ts normaltzed After normalrzatron

the oncntatton rmagc and thc frequency estlmahon ls found Then these results are

fed rnto a Gabor filtcr to gel cnhanced lmage The enhanced lmage Is then brnarrTed

then and thcn mrnutae potnts are e\tracted As ln all bromeklc s)stcms eren a small

changc rn the rnput pammetcrs and factors result rn a fine dc,latron tn thc result

As thcrc arc morc than selen dlffcrent stagcs rnrolved rn the \'\hole process and

the output of one stage ls fcd lnto anothcr stage \\lth e\er\ slagc ha\lng drf]'erent

,ndepcndcnt parametcrs of tts own Thercfore the final rcsults ma) \\'ar) eYen ln a

shghtcst changc of parametcr tn an) of thc ln\ohln8 slages The expertments shorr

that thc program can dtffcrcnttate spurlous/false mlnutla Palrs from genurne parrs of

m,nutrae *lthm a cenaln thrcshold If not for the brc\'rt) of tlme ftl(her accurac\

rn each stagc and fine tuntng b)' further rmage enhancemcnt technlque lurther

lmprovcment m thc result ts cxpccted

LNted belo\\ rs a dlagram for the dlstrlbutlon ofmlnullae thal are present ln the orlglnal

rmagc and lhe dlstrrbutton of mtnutlae that are ln the rmage obtalncd after

€nhancemcnt
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Frgurc 5 I Drstnbutron ofgenurnc match and falsc malch
Spunous mmutrae score rs reprcsentcd b) red llncs and gcnurnc b! grcen hne

Two dlstnbutlon Lne [hrch are partlally ovcrlappcd can be seen ln the figures1

Thc Rcd lmc whose hrghcst pom! ls to the left rmplrcs that lhe mcan of thc false

mrnutrac match ,s 25 And the grcen llne \.rhose htBhest polnts arc malnly on the

nght srdc of rcd lrne and rt spcak rs on J5 Whrch shows that thrs algo thm crn get

a finc result by changrng thc threshold to an approprrate raluc The numbcr 25

falsc mrnutrae match mcans that thls algonthm ulll accept 250/0 of mcorrcct lmages

as berng matchcd and 35yo of corrcctl) matched rmages wrll be tcrmcd as noF

matchcd Funhcr rmprovemcnt rs found bl findtng thc mlnuttac dlstance and thelr

standard devratlon m the fingerprlnt lmagcs

1lDJ)IoD
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TabIc 5 I SL'\'N{ ARY OF RESI.] LTS FOR CA LCT LATI]\G THE SHORTEST DJST{\CE BET\\ EI-\

\F,ICHBOURING MINUTI,\E

Expenments b! Sample
Srzc
(rmages)

Mlnutrac
drstance
(pr\els)

Standard
dcr rallon
(pl\cls)

/ Raymond
Thar [321

30 25 tl

2 Currcnt
(oroposed )

85 20 ll

The samplc stze ln Tablc5 I rcpresenls thal lhc rotal numbcr of dlstanccs calcul2led

betwccnarefercncemlnrrtlapolntandltsncarcstnclghborlnEmlnutlapolntl.orthe

currenr algorlthm lt can bc sccn thal the standard de\latlon \\hlch ls takcn pr\el_qlse

rs loucr than that obtarncd b) thar obtarned from the algor(hm used b) R I har l00l

The standard derrrtlon also sho$s that lhc mlnutlae are not e!enl) drstrrbuted tn

the tmages of the sample srzc. uhrch rs a conllrmatron of the naturall\ occurrlnq

mrnutlae ln a fingerprtnl

TABLE 5 ] COMPARISON

JAIN'S ALGORITHM. SHILA
OF THE PROPOSED AI-GORITHM !VITH UNENHAN(.ED

SAMANTARAY S AND PROPOSLD ALGORIl HM

of I evcragc no of Total

Endrnss Mrnutral
AYerrge no of
Brfurcaltons

T) pc ofalgorrlhm

l2,n I3

S Samantar) [3] l
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As ea.ller suggested b1 the famousll used dlgortthm ol_ Jalnelal [3] thatagood

fingcrpnnt rmage contarn 60-80 numbcr of mlnutue polnts on a\erage From the table

52 rt can be seen that the proposed algonthm sho$s a better result

Chapter 6

Conclusion

The maln obJectlve of thrs thcsls uas to find an algorlthm for a better tmage

cnhancement technlque fbr fingerpnnt rmages Cannl cdge detcctor was uscd tor

thrs purposc Rcal lmagcs from the dalabasc FVC 200{ rrere uscd and a serres ol

lmagc enhancemcnt technlqucs \r'ere applrcd to them E\pcrlmenml results hale sho\n

that the clgonthm was succcssful m gc(rng good orlcntatlon estrmatton and frcquencl

estrmatron of (he mlnutlae data The rcsult ofthe Gabor Fllter $as also of a fine

quallty though the boftom arca of the rmages were addrng a lrttle norsc to thc ,ma8cs

whrch was compensated by fr.rnher segmenltng thls part out of the tmages As obr touslr

thrs dld effect the amount of mtnuttae pornts ln thc lmaqes but practrcall) lor thc

rccognlhon/matchlng the top and mlddle parts of the rmages *ere enor.rgh to produce

cffectrve results Thrs occurence of norse can bc furthcr reduccd b! tlndlng an

appropnatc *rndow and block srze for the parametcrs ofcabor filter. $hlch can be

done as a future t\ork of thrs proJect Also for thc future r\ork lt Is suggested k)

devrsc an algonthm to automatrcall) selcct thrs non-nots1' part because tt not onl)

decrease thc srzc ofthe lmages but also thc mrnuttae data ls dccrcascd. whrch can be helpful

rn obtarnrng thc same rcsult but tn a shorter trme Orcrall the proJect sho$s a bcttcr
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performance companng lo some of thc algorlthm cunentl) used and can bc used rn

fingcrpnnt applrcatrons fhe futurc uork lncludes

l) Further stud) lnto the Cabor filtcr to enhance thc rmage and 8et a hefter

result m the reglon of [terest Though the lmages are enhanced ln the reglon

of rnterest thc occurrcncc of nolse ls stlll an lssue

2) Lookrng lnto other lmage cnhanctng technlques Nhrch can also be

lmplemented along srdc the Cabor filler

31 Full analysrs of the rcsult obtalned b) loollng lnto other statlsllcal dara of

thc fcatures obtarned

-l) Usrng a blgger database to ha\e a larger sample srze 10 get morc drverse

Imagcs
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