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Abstract

A fingerprint is one of the most vital Biometric ntraacsunasted
has to be enhanced effi ¢iegerprihn ehhanpament &aeckhfiguoéeens
met hods. The proposed methodology consists of thneéeésPhgs@es o
After adding noi seGawsxsi aamrs amd ts peiadk Ipee ppeirse, the i mage is b

tered with W enkrufidderl mndhe htelmi da, the filtered i mage 1is
the fingerspsriinngg fporlelporwoecde wi t h the enhancement produces bett e
ogy is compared and evaluated usi-9igg-NaloRepteirof oama nblean magasar
Matl ab .R2013a

KeywordsOt su Thr eshol ;dHimgdg oBir manr j&dataileaG& s 6 @ g 8 a dNiiolespgpSepre c k | e

. me nt steps to rediaebéeheerfiggarl

1. Introduction Most of the authors enhances th
phol ogi cal operations and final/l
A tremendous growth in the adywinggsfiofteéemdormatséopapechmnalko
evenly requorepesecnal tiydent iofpiecraattiiocom afnodr aeun theewnd ifi Cget e df iam
tion. It l eads to the automatd cwoprekr soountala iddiesnttiinfcitc aatni do ne fSf Yesc
Biometrics. The Biometric sysygmipvovidesonsueihabskrRolsdil mg il
the problem of identifying aniobndi widdualg Mhyiaequi rdlnur rtihneg pt
logical rarl kdalhawicd eri stics swicdnears fihgemeriphentifiise feapalhiemn
print, hand geometry, Vvoi ce, pnboirgprhaot] Worgéi,c adt Cop Bri dtmedndg csfient @
an imperative role for persomm@ilnnidreqn.t i fication. Among t hem,
gerprint place a significant role and have a high | evel of r
Fingerprint recognition is omejp: i mary tasks of the |
ed Automated Flngerpr|nt[ﬂl]d@!‘lféffatqrglﬁur\géry Service (I AFI S).
contains fingerprint classi fi ation, fingerprint enhancemen
fingerprint matching. A f|nger%”rqrhals'leamr@fteraﬂed pé@P%%EdouttWC
interleaved ridges and valle & h ﬂ}ﬁnégﬁlﬁnéﬂ\a”?ﬁ@ef‘tngéﬂ the
pression left by therfdbetis %I‘fe?@i B8ipg wRbeh &Ehéher and th
by one pixel wide. The differmemtt fofrnﬁs' dodfe Sy jUgSgl eNsd, twhfeer€e Sjtta ges
ends, splits or merges with baynottrheerthr'lndng'englsortoérerﬁéd B!l mhace
There are two types of minuti ®89farhmdityY rtiheg eS teanngdianrgd aSAJEE.i f T
tion. The number cmlfiflfrecrlsdémcoénhcﬁfﬁenﬁnenglm|é‘a¥e‘~‘d followed by the
print to another. The fingerPa&tiinan.i malgge enahsancce Mgt efh8RAcE A’
furthemrocesesed to skeletonlzet'tome amidg2fld d t&fd NBo make them
clear, to identify the minut Ng&8tBHredctaly. Uh&es miqWiii@le Gk an
ed, and the vala® if mzhrelp‘ulliﬁ’@&)npdrl @fg.lﬁg@ﬂylng the FFT of
print verification and matchPrR@bera ATiMed dledo raiutt ha MBI By &t
extraction algorithm have beetrh'p@fk‘d‘"’dosske%' Gtnyn iaz & chheiddt Bak
researchers. An important aspéd scabe eP{/ FBgehFdni 8ohBURRES
processing muet ameiqtsntramd@ﬂln]irelﬁlhdulhlt |brﬁég§@ . The enhancement st
practice, the clamor might a@@Vakiradki QMme t1"|r‘nagrezrﬁbtr|‘hr{1fﬂi”Tdh|sh
ment may prompt trheeasaewftul e pe fiFiaRAnwB fidEty @forraproposed h o
the outcome. Therefore, fingBPBE|RE - ehla ntcheemefn'trSStteU‘ﬂﬂV’ Geé
essential and ought to be pePPOEMEF PéOCRFTSo WiSd d dJanVaivia Oy
processing. The paper mainly focuses on the possible enhanc
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modul e i mage is enhanced usi B¢ ed@rh2o0 Btiinmirzyatiinoarg ea li gso rbirti hgnh t reann
l'y Modified[GBGlckoo search. zation.

Feng Zhao et al devel oped aSmephddedoagli 12 &d t-Boeimsheagn caemach ¢len el rs
gerprint using adaptive thr eSstheopl d4 :n gT fendd etnhdi nbnliunrgr efdo li Intavge=d

minutiae[edtraction . filter.

Sanghoon Lee et al. developedtapmdthdhewiéle ehedobongbiabBygedp
i mage is segmented and thinned eypsibng Tdrea ceinchmatn cleads € d nagpep rpa d ymh
Om Preeti Chaurasia developed an algorithm that includes nor
ization, segmentatsnonsusnchgfiDialelcy (iAmage de (B)

/

t er[i5]g. 7,

Il . Gol da Seelia et al. proposedy/ S

gram equalization for contrast {
m.h ///

tional Wei ghted Median filter. //’//}Zé . NCely ves b
rization central Il i ne thinnir'//// At 0w ol I o
AN 0 1o = 1des
x‘her i dbar

for noise reductio aThhcee df ibnyg eary

binarization and[@adaptive threszZZ I I

Rajaj Rumar and K Hemachandr an p'«iw,,,//;:,,,,.;,,fa Di MEEESSSS. . .1 ter

technique whi chressolountei oonf etnhhea REUSIMEIN T OME§iNTal | mage OFiigyi nza(l B)l :ma
ods. It removes the noise from the fingerprint image by deco
ing the image into severfdal f rregeueypcoyy eb amidgy org)suUdn b W@ I Ae or
Greenberg et al. proposed a tfhasth &k BGRaPgi VWén efNih@eregneindt &l
rithm based dmlaeramigsofThepieahancement involves

hi stogram equal i zBitniaorni,z a""”eonn%.rlf.thh\’iﬂiﬂ@?m'bma%suthresholding

mor phol ogif[c8]l filtering.

The Binari zat:.

3. Proposed methodology double image.

on is a process O
Th

doubl e image. Th
he
s h
s

function i m2buv
bi nd@Bsgniismadg e s
bl ack pixels wl
l ding techni que
I pixels in t

e
e
The proposed met hoprod prgoc e‘sosriten‘@giS ﬁi&%{iélﬁl?ﬁe‘h-r t

trated bel ow. e
cedure replace

o

e value of each pixel in an
greater than the threshold
h

ite pixels or tdskl abhle pixe

a
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Otsu thresholding and Fig3 (b) s

De-blurring and Filtering
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3.2. Histogramequalization

Sharpening
The image iis further enhanced t
The histogram equalization impr
he

T
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turned to visualize thefpanotiumacg

provides the intensity | evel in
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Fig 1 briefly explains the fin toopres il \ met h o
using Weiner filter. To refine dgesiﬁiﬂ \‘ “\ lchment
tions were adopted. = // i I

Step npwut fingerprint gray i oA S . n.yv. et Lnto .
Binarysimgg®tsu method, r’E‘Tfl.g’:@Af-llstolg‘gcflﬁatﬁ|F%.ggt44(3:?!3}«;t‘?)c8ra’EnPual|EQ

| mage.
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Fig 4(a) shows the histogrameregdal ihzrsatuagph nptrowdoc eas shi whair yla m ina g ke
Fig 4(b) shows the histogramhadfs teoqggualm zeeqdu ail nazgaet.i on . The fil
then contrast to increase the i
3.3. Denoising and blurring i msha(r)perneturns an enhanced gray
age features such as edgegsi has
The Noiseénréemageals i s an i mpoarteamstespatrite odonitntaagset parloong t he
cessing. The -abiovedi maigegi shdeéie diofnfterraesntt fnuonicsteison enhances |
namely salt and pepper, Gau slsti ama kaensd tshpee cikhag en oti & eg a ZTen eb rniog
fingerprint is then blurred tiocadeapte st htehef iil ntean smigt wee tard sspu ¢
gives a better image quality.

Fig 7(a) and 7(b) shows the enha

3000 1800

1200

Fi.g(5CHi st oogfr aNmoi sy | mage. 200
The above_Fig_S(a) shows the nOiSFyigtGl_ﬂ:%?oogfrsa&ﬁﬁ;alnl.cle(aalzﬂry_ge§%‘,F
pepper noise is added to the image . This hoilsy i mage i s Tful

bl ulr:_r ed5(9i )ven i n  Frogi sSy( bi)maldheg jifs $¢PPWE MoiRidn g errep reinmta nicreage af
in ig c) .

3.4. Deblurring and filtering 3.6. Thinning

After enhancing, the fingerprin
I mages are often corrupted bynianday “YRGoRItAMSi h"whPERNB| b ¥
mi nation or have poor contr aspter e WH3§ &S p"i‘[x%]gT'hlatr%readepftoarb
hancement and smoothening.t Figlitigrai,nth 1 NChl'i€4@nSi €nS tah|egooriixte|~|lmsi,nt,
val ues. In our proposed methg?djroi'torgrﬁ’isthcﬁﬁeﬂ@dfﬁb’thrﬁeﬁdhé{dheerrbeltuar
i magesblauwuer d@ and fiI-h)lewrerdimgddné'glzgl\@ﬂeg]rerthienning process. Thi
operations applied to a binary
(B) el iminate the redundant pixels ¢
. Thinninglienhahecémamt step perfc
extraction. |t is an iterative g
o until all ridges become one pi X

efficient mialli ae detection

0 01 02 03 04 05 06 07 08 09 1

Fi.g(6A) FilteredHi snbgoghridimge.r eéd (IBnage.

Fig 6(a) showsWtéareerd ifitlered i snagee of

i mportant filtering techniques to r e nmetEEces == noi se as wel/l
blurred image. Fig 6(b) shows the histbgPUMNIAIG i | tered i mac
actualize the Wi ener filteri a, |t i s basi c to. compute t he
spectra of taedort hgheamabmagghgofé tsfhjoé"’s t h e etnthiamrcie nit ma goe
filter is to minimize the mehhN9GURFER! etk B3 €lconsider the °
filtering frequency domain as W (u, Vv).The restored i mage s
afs1.0] 4. Results anddiscussions

Xn (u, v) =WEQuwatv)nY1l(d.12¥) 41 Dataset

I n equation 1, Where Y (u, V)‘I'hies ptrhoeporseecdeiM@tdhéd&ln@éy ﬂﬁg )%n
is the restored image. 2013, and particular | mage proc

. . fingerprint filte8ffhegi amptemahaat
3.5. Fingerprint enhancement been done on the fingerprints ol
) ) . four databases namely DB1, DB2,

The filtered image is furthers grRyNeed tRFEUEGR & WOF OrPetatd
namely sharpening and contrast. The input i mage is first br
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used. The finger prai nliaws b b t aipdade Bxpdbimental ®lhsergation
sensor and the image size is 256x364. The database consists o
sets namely set A comprises DhHe 8Pp&r dmentgeerrPrimeéd suraengd Isieke BP &
prises of 100 fingerprints whahd MbanrsgohbtdoBErpbr 5CRSHEHPi val
prints in e

t

ger set dBfwereesubitaeddhedatehptiat e daraendt al so repre
chosen for he performance wegrreapcfi c.atli frfe pfroersmeantt.at i on. The e

niqgque is analyzed by adding diff
4.2. Performance measures print i mages and the same i mage

posed wi egnetrecfhinlitgeurei.n The noi se:
Il mage Enhancement improves thesgiuabi ayeofSabatdiagidt plepipmage Ga
techniques that provide bettéeheqP8SNRtanidmMMGE vyalveesbffort heha
vary from prer s®m itto ipersecessaly &opappertmadinsesoanmed Figure ¢
practical measures to compartattihcen emflh &l enmegastua fae ¢ hsnei pgaur east etl h
produce better quality i mage.PSNRRe athnvdo MSmpovdlamds meori ¢het @ nd
the quality ofSitghMtaliiRestge arPeSERG s l@inan noi se and Figure 10 &
Mean Squared. EPSNR i(MS&n exprteastsiioonn dfhat healpaulaantee £ r measur e
the ratio of the maxi mum pos PiSINIRe avnadl uMS B f vnahl asécge i bfri antgte @ tpled |
of distorting noise that affg8péesklitdenoimageamd afiigwre 112 i& 1c:
represented in decibel valueti dmeoMathemptarametrotabl arsobep
i s The Proposed methodology is als

met hodol ogi es based on the PSNR
PSNR=ZI &6max {mpx/ (( MBEYati0ob)parative analysis and Figure 14

of the comparison. From the abo
Equation 2 calculates the PSHNRNR avaleueofoft hteh egipvweonp oisreadg eneu i
the formul a, Where f represem33i% whhiec horsiegimsalt ol mage, beakern sy
maxi mum signal value that exiignts for a good i mage.

The MSE representbhettweenavédeageterat onsnage
and the noisy image. The er r dd Addsg stltraed peppeanoisei t y by which the

of the original i mage differ from the noisy image. The mathe
cal notation of MSE i s Table 1 signifies the -pnpoaéssima
steps which include adding of L

MSE= (1/ mEaygm)cuEgqa))ti on 3 filtering, and enhancement. The
mance measur essi gmatesaey i oP e a-k d M

Equation 3 .calculates the MSEuwBieder oaftédre @avkeni i enmagti as.i n
above formul a., where f represents the original i mage, g ac
for the noisy i mage, m represents the number of rows of pi Xe
an i mage, n represents ththemumber of columns of pixels of

i mage and Max is the maxi mum signal value that exists in o
original i mage.

Tablfnhanced Fi nwgietr fPrAiNgRtdMS$ Eha g e s

Peal- Mear Peal- Mear Peal- Mear Peal- Mear
Input Signa-  Squar De- Signa-  Squar . - Signa- Squa Enhanc  Signa-  Squ:
SNC  mage Noise  Eror noising Noise-  Error  Blurmng  Filtering  ngice. e Image  Noise-  re

Ratic Ratic Ratic Error Ratic Error

1 61.643: 0.04 58.406! 0.0¢ 64.977: 0.0z 70.769: 0.C2

2 60.401: 0.0€ 57.882: 0.11 66.236¢ 0.0z 72.1761 0.01
3 58.543(  0.0¢ 57.409¢  0.0¢ 65.099: 0.0z 74.284¢  0.01
4 61.301¢ 0.0t 59.284¢ 0.0¢ 65.781¢ 0.0z 7C.146¢ 0.C2
5 58.247:  0.1C 57.113¢ 012 65.322°  0.01 73.322¢ 0.01
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(A)
PSNR Of Enhanced Fingerprint

IMAGEL IMAGE2 IMAGE3 IMAGE4 IMAGES

Fi.g (9AGr ap Riepale s e nkR &1NWad nu efso ro f
f oMSB®al ues of EnhanceRlenkavwnagle ropfr iSal taf& eRreptpheer Noi se.

4.5. Adding caussian noise

M PSNR

(B)
MSE Of Enhanced Fingerprint

0.l

=}

2

0.015

0.

=]
=

0.005

IMAGE1L IMAGE2 IMAGE3 IMAGE4 IMAGES

Enhanced

Tab2fnhanced

ililililil

Fingerprint afGrapRiepaleRemd\adli

Fi nwet PrSINREMS Fha g e s

nou SF_’eal- g/lear 5 SF_‘eal- SI\/Iear Blur SP_eal- g/lear Enh SP_eal- g/lear
npu igna- qua e igna- quar urrin eard igna- Squa Enhanc igna- qua
SNC mage  Noise € noising  Noise  Error g Filtering  Noise e Image  Noise e
Ratic Error Ratic Ratic Error Ratic Error
1 61.643. 0.04 58630¢  0.0¢ 63.6357 0.0z 71.438: 0.2
2 60.401 0.0€ 58.152¢ 0.10 64.524; 0.2 74.745¢ 0.1
1
3 58.543( 0.09 57648z 01 63.613( 0.0z 72.548. 0.01
1
4 61.301¢ 0.0¢ 59684z  0.C7 64.177° 0.C3 72.304t 0.2
5 58.247.  0.1C 58113 0.13 65112 0.4 73.334¢ 0.01
a4 2
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Fi.g {@Gr apRiepalesenk SNWad nu efsoro f
MS®al ues of Enhanced Fingerprint after

(B)

MSE of Enhanced Fingerprint

0 G
0015 1 .
001 n MSE
0005 7] _il_ _ _m_
Fed i | i i ‘7'
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Enhanced

Tabl ®i gni fi es the i nputpriontaegses atmtga t
adding

steps which include
and enhancement . The

measur es Rsa ngenl@ayrsdéteiack aSmqdu aMlecedome as ur es

afteh eBweration

4.6. Adding speckle noise

Tabl

e

oft Epaswhaohnonsépydbl addi mg,

Fingerprint Gahpdiepalees eRe md v @
Noi s

t he Removal of Gaussian

Bursd grng d e sPrtenhe

-pnpoessima

off i

IS

2a nadl seon hraenpcreenseenntt.s Tthhee Tpaebrl feo r3maalc

after

each iteration.

Rsal nfienlayr saéteiadk aSmqdu aMl eeedo r
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Tab3fEnhamkéad er pr wintt hP I SiN&sgSE

Y Peak- Mean Peak Mean Peak Mean Peak- Mean
-No Signal-  Squar Signal-  Squar Signal-  Squar Signal-  Square
Input 9 q De- 9 q ’ —_— 9 q Enhance g q
,m‘;ge Noise- e noising ~ Noise- e  Bluring  Filtering  Noise- e Image  Noise-  Ermor

Ratio Error Ratio Error Ratio Error Ratio

1 61.6432 0.04 57.7560 0.11 0.04 73.4381 0.02
2 60.4011 0.06 56.7182 0.10 0.02 75.7456 0.01
3 58.5430 0.09 57.2455 0.12 0.02 73.5483 0.02
4 61.3019 0.05 58.6623  0.09 0.03 73.3048 0.02
5 58.2473 0.10 56.3999 0.15 69.1123 0.03 76.3345 0.01
(A) ( B)
PSNR of Enhanced Fingerprint MSE of Enhanced Fingerprint
opp Ay A
_A—y — —
0.015
EE— _ I
po—— = PSNR 0.01 m MSE
[~ 0.005
: 0
IMAGE1L IMAGE2 IMAGE3 IMAGE4 IMAGES IMAGE1 IMAGE2 IMAGE3 IMAGE4 IMAGES
Fi.g { AGr ap RiepalesenP @NWRaolnuefsorof Enhanced FingerprintGrdpRepalbsee Reabia
MS®al ues of Enhanced Fingerprint after the Removal of Speckle Noise
5 Comparati tud f th r d meth Comparison of Proposed
- Lompara I_Ve S U y 0 ep Opqse eth- Methodology with the Existing
odology with existing methodologies 20
Zg [ — /
Tab4@ompawifs®moposed Methodol ogy wggth Exismhodolo-
g i es 30 —a—PSNR
Subba Subba Proposed 20
Author Name Reddy Reddy S"\éﬁgﬁhu E nhancement 10
Borra et al Borra et al Method 0
Modified Cuckoo Search Fourier Proposed
Modified . Cuckoo Search Transform Enhanced
Technique Cuckoo %lg(rg? Trl:;]us?grrm Wiener Method
Searct . - .
Fi.g 1Gx:aphRecparlesent ati on of Compari s
PSNR 66.6275 58.3672 53.5141 73.1627 Met hodol ogy.

Fig 12 gives the pictorial repr e

proposed methodol ogy with other
Table 4 given above preseprtosPIMR vcaolmpeasr aan dv et escthundiyg ucefs tutsee d .
posed enhancement met hodol ogy hwitt o ugt hpe ro peoxsiesdt inhegt hneedt hper doovl i odge
in the literature. The PSNRWiahukBe fexi sgric@ossned hadd exi sti
met hods are evaluated and given in the tabl e4d.

6. Conclusion

n Efficient Fingerprint enhanc
i ned. The proposed met-bbdruiseg
ol l owed by three enhancement of
|l ogy consistdeofenhbhhcementpocseé
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step by step illustration of the proposed method was also st
this paper. The experimental observation of the methodol ogy
been predicted by adding three different noi ses such as sal
pepper , Gauspeakl moneesandnd the performance

wa s measured by two parameter measures namely PSNR and
MSE . The values were tabulated and picturized separately. T
paper also focused on the comparative study of proposed meth
ol ogy than with otber Taei gteisnud t mesthtoavdo | ogi e

the effectiveness of the proposed methodol ogy as it gives a
better PSNR value of 73.1627 when compared with other existi
met hods
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