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Abstract

The propose of this work is to study and design the non-contact optical method to captured
fingerprint image using polarized specular reflection for increasing the contrast of latent fingerprint.
The experimental setup was constructed with a fluorescent lamp. The light is incident onto the
smooth surface at different angles. Latent fingerprint was deposited on non-absorbing and non-
porous photo papers. The fingerprint was imaged by a digital camera with a circular polarizing
(CPL) filter while the viewing angle of the camera was equal to the incident angle of the light
source. The recorded fingerprint image was then analyzed and transformed to the gray scale images
by MATLAB program. The GELQUEST program was used to create the intensity profile along the
position on the gray scale image. Results from the intensity profile showed that the contrast of gray
scale fingerprint image collected with CPL filter and the incident angle near Brewster angle of
50-60 degree was increased by 6 times than that of conventional image. In addition, the effects of
paper color, light source and irradiance of light source on the contrast of the fingerprint images were
also studied. The results showed that the darker the paper surface, the higher the image contrast. The
optimum contrast was obtained from the daylight fluorescent lamp with an irradiance of 0.210

},LW/cmz.

Keywords: Contrast / Image Processing / Latent Fingerprint / Polarization / Specular Reflection
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(= (&) _ 2n;cos6; @.5)
+ E¢i/,  njcosb; + n.cosB, '




; =(E_°) _
I Eo; |

I EOi |
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n,cos6; - n;cosO;

n;cos0; + n,cosb; 26

2n;cos0;

n;cosB; + n,coso; @7

] 4 b4
Lﬁﬂ r, lagr ﬁ@ ﬂ1ﬁll‘ﬂi$ﬁ“lfl‘ﬁfﬂiﬁ%ﬁl@uﬁlulluﬂﬁiﬂ1ﬂlla$ﬂlu1uﬂ‘Ui%uTﬂﬁﬂﬂiz‘Wﬂ

4 Y
£y uae g ﬁ@ MauUszansMsaaiIu I uuLIAIMINLAZYUIUAUTZUILANNTEND

Eoi. Eor 1182 Eq¢ Ao touwagavesaun lihiannsznu azdouuazdaiuamdiay

9 Y
FINFUNIING 4 gumMIHNFUNIVOUNTHIUA (Fresnel Equation) HAg@INITVIUFNNIT Ini

Tavodunguosanuad laiilu

sin(0;-6,)

_ _Sin(G-0) 2.8
L sin(0;+0,) Y
. +251n9tcosei 2.9
17 7 sin(8;46,) 7

tan(0;-6,)
_ , tan(6i-8) 2.1
i +tan(9i+9t) o
2sinB;cosb; (2.11)

t =
! +sin(6i+9t)cos(ei-9t)

é 1 dy 1 Y d' o w 1 [ a Qy
saluarutazaulammizluaivveansaziou lasisenmasaedvedniaulszansnis

aziou (reflection coefficient) MNUMMIAE oY (reflectance)

_.2
R,=r{

. Ry=rj; (2.12)

o o J 1 ' (% {
ffﬂiﬂimlﬁﬂiﬂﬁW‘lﬂ’NiJﬁ’ﬂJWu‘ﬁﬁg‘ﬁ’JNﬂWﬂﬁﬁ%ﬁ}ﬂuua%yNﬁﬂﬂiz‘ﬂ‘ﬂll@g{ flgﬂ“ﬁ 2.5
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Reflectance

i

3 4 (91’/ ?x’/ %
511 2.5 uaaamsaznouveanad Iwar lsana lurunvuiuuas luuuanniuszuny

Y

ANNTZNUNYUANNTZN 0 DI 90 D991 11D ny<n, [10]

VNMUMAYHHNIMUDIAINA1TN 1 1MAY 1 LagmMABURNHUEIAINANT 2 1MAD 1.5 Ny
1 1 g % 3’/ { ! g a
0, = 0p smsazoulunuIVIUILIMIND 0 ATULAINazROUPDNIINTOIADVDINURAD
y A Py 3‘, ~ v ¥ o qu = y <
anavazmasmuizawn ihluuuamindeanniv i lduasiagdousenuuiluues

Twanls Sonyw 8, 1y Twan lsd

24 naesamnazilanes 11,12, 13, 14, 15, 16]

s
1 [ v A (4 v

] 1 aa = A a 9y ! ' Y
naesnremnaIRealvatedsznn uanienlgnuediaunsvals ludvtuliarenunivua 4

a

[

Y
Uszinnaail
v < ) < 9 @ v o =
1. ndeendNUNA (compact) 1TUNdDIVUIALED WAMIEEAIN NI E ST IFauna 1 T
o a3 v [
Truams laudi5agl fenens ldau
v .. . A v ¥ 7 aa &
2. na®d DSLR (Digital Single Lens Reflex) ¥39Na030ENOUNIWAUTIASILUVAINDA 11w
Y ] A I Y Ay a @ [ A Y 9
naesvua lngjansooeaasuaud ldauidesns Inanmsiianumioundesazfou
7 ar @ ' o Aq U 1 ¢ d o o K Y Y Ao
muaudaguuiay uanaanunlsuiunisadudrsutaziunndeya ndestlszinniil
$INGINTINADIADULNA

[

v . < Yy Aa A Y o = N ¥
3. navd DSLR-Like LﬂUﬂﬁ@\iﬂll NHULIHUDUNADI DSLR Lmhlummimﬂaﬂmauﬁ%
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4 . 3| Y o = o Y ' o Ay 1 J £y v & A
4. N@09 Mirrorless (HUndvIanyaIzAvINUNG0Y DSLR alnuasen hiliaudasioumniu i

natlsznmndesnouimauagan M Iwlsziandes DSLR uaadegili 2.6

(M) NADIADULNA

(7)) Na99 DSLR-Like (1) Nd04 Mirrorless

51 2.6 naraailszianvesndosavaoa [12]

Tumsarenmilames (filter) 1uginsaldnyfianilaiinnldlszneudhdundesniogl 1%

Eyoud 9 s a v A v v Y v
ﬂm"l,'mwmmuﬁﬂﬂmamaamwgﬂ 11!ﬂ13lW3JﬂJ’E)1JL"U@]"UE’Nﬂ"I§1%Q11!‘11@\1ﬂa@\1114ﬂ18ﬂ1wl1ﬂ

)

2 2 < a Z o @ ] ] ) ] 3
aoatu Taena lufawesvihunnndag Tsela Tduazsinswanannueenld uisldiy 3
(3 = 1 9y v a . A A A 9 1 FY A
anvazfe uuuLAULdINaN lane LUBURWLAIAY (gelatin) THATNAUAT LUVLAULAINT ©

a A A A A a Yo o a3 ' Y =
waaangdmmaey HawmesnteuldnuTaena 1l WuuvuukuudinasvenTane linainvate
da! Y 9 ] o 4 = a 1 9 an
VAVUBYNVVINATUHIFUINA1VDINTZUDNAUE HazliiaInnalewila HAluNdoIAInoa

a 4 'Q @ a
Wawosntsuldruilszum 5 siia
d o y v @ [
1. Wamo3e3 (UV filter) vmrhnaassdoans1 1 Tomn
d d d d
2. Hameslwarlss PL (polarizing filter) n30 NamasIwarlssuuulanan CPL (circular

polarizing filter) 15d s uaauazuasazion Tundosos laldfaszdesldiameas Tnar s

uuuanay mazszrhidatanasludindesihauldediegndes
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a d . Yo v 9 = J v
3. Nammnﬂg}mﬂ (graduated neutral density filter) l¥dmisvaaugaazdouauieaiuly
noathlunm

a d A . Yo o A 9 e
4. Hamesaauaarisonouuas (neutral density filter) 1%?{1145%%?{&%muwmﬂmauﬁ

d [ TS s o o 1

5. Nawmoslnaadn (close up filter) WuTawmainlFdmsumsversnin 0113%581ums
e mszez Iialnda

Y

dy A 14 1 a 9 =
uanmnuamﬂamamuumm AUFUANTS 1HFUBNNINNY

51 2.7 Wawmo 3 Twan lsdfuuunanaw [13]

Y 9 ¢ A an A 9 o =\ [ g’z
lundesdziounwaudifenuuaInea w5ondod DSLR Jagtiuaziinis Idagn mnivnua 2
3% Ao M3 T Aaea 1A (auto focus, AF) Hazn13 1WA a109818310 (manual focus, MF) anlu

o A 4 <} v o { 1 {
ﬂ15‘V|1\‘ﬂuGlJ’l3]\‘lﬂtgll’E]\‘l DSLR Lﬂﬁmmﬁ@lﬁuaQﬂTW1ﬂ833ﬁ@ﬁl31ﬁ@@ﬂ13018ﬂ1w umﬁﬁxﬁamm
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J Y 9 Y [ Y 9 AR A ] '
ARITHIULINFLa U Lla'Jﬁgﬂ@uﬂ‘llﬂ5$ﬂﬂﬁaﬂaluﬂa@\‘]lelﬂll'lgﬂﬁclfuﬂﬂgﬁlu%@\iuﬂ\?ﬂ'lwuag
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J J J o A Y Yo < = 3 o aa Y
fl]”lﬂlﬁi!ﬁ@]ﬂﬁ\ﬁj!%“i“ﬁ@ﬁﬁﬂﬂ”lW UJ@l%u&cﬁﬂﬁllﬂi‘].ll!ﬁ\iﬂi]glﬂaﬂu&ﬂUﬁﬂJuﬂJu1mﬂﬂ@@al!afJﬁﬂ

9 3 A A A o I a v A o ] <
m@ﬂaqﬂﬂﬁguﬂaWﬁLﬂUﬂWW@ﬂﬂ WA AT ULFININNIAINMYUA LagUUNANIWETD

U

1 o ]

] @ a o a o [~
ﬂﬁJ‘]Jviiﬁ MTH%@]L@]@%Q%TJ@ ﬂi%%ﬂﬁ%‘ﬁ)@uﬂ"mﬁ]%ﬂa‘LIﬁ@]"ILLWHQM?JT]"I&lﬁ)Li"Iﬁ"I?J"IiﬂN?NL‘WL!ﬂ"I‘W

Y

Y A a v Y LY 1 1 1 Y o ¥ A
”lﬂmuaumu nszanranlunaed DSLR ‘ijﬂﬁ]q‘U‘Ll?ﬂﬂJ'liﬂﬁ\iW1uL!ﬁ\‘]‘1ﬂ\‘]ﬁ’Jul’lﬂﬂ1ﬁu1ﬂ

[ =y @ @ . 9 I a a
IFUIAYINUA YN (beamsplitter) Iﬂﬂﬁuﬁ\lllww1“]]9\1LLﬁQ%%LLﬂﬂ@ﬂﬂLﬂHﬁﬂﬂ‘ﬂﬁ‘ﬂTﬂ NANN

ni ldareaneamnaan Idnanuudl arudnnanianila lldiszuu Indada Tuiia
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Viewing system

Aperture Lens elements
=
Shutter
Sensor
Light
path
Flip-up = ) J

mirror [ J

517 2.8 uaasarulszneuveindes DSLR [15]

] 9 Yy Aa H A 4&‘ a ad a =} Y A d
(11!ﬂ15ﬂ1ﬂﬂ"lw1ﬂﬂ\ﬁ/‘h NITIN WIUN Wﬁﬂwuﬂﬁqﬂﬂlﬂﬂﬂiﬂ UNITATNOUVBILFINIT U

da X = ~a Yo ¢ sa gy A Y A 79 Yt
Twanlsnavu 1alims 16Wames Inar lsssuduioaauasaziou Tasmsnyuilamos 113

2 @ oA 9 o Y Ay ¥ Y a
sTuuAIRINAUszUIDYeas Tnan lsdiaztousonu shldmwi ldeenuniuiinnuaala

A o 2 ' v o wa a 9
HaEANUIUAIVBINMNIINTY e Tuszuy TnAadn Tudinzinatyrivesmsas neuuaaniely

Y 1 o v A Yo 4 Jd A ) .

NABINIENIN AHAYd Ina lsdsuaeenszanvan o ldWamos InarlsdiFudu (linear

. [ ~ = da! XY a o d A 9 9y v
polarizer) ﬂ\ig'ﬂﬂ 2.9 “]NGU‘N’E]Qﬂ‘ULLﬂ‘H“lIE]QW@L@@?IW@TIIi%L“H\‘]Lﬁul!ﬁ%ﬂﬁ@\iﬂ'lflﬂw\l
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GROUND

DIELECTRIC
BEAMSPLITTER

51 2.9 naraanaves Twan Tsiwdulundos DSLR [16]

aq ¥ = y a ¥4 2 ¢ A Y X a
ﬁNHﬂiﬁLlﬁﬂﬂﬁ%ﬂ@uﬂWﬂﬂi%‘ﬂﬂL!ﬁ$W'JHWLTJHL!ﬁQIWﬁWVl'i“HIﬂEJﬁ'iJ’]Juiill UEINTENDUIINNNUAY
3 1 4 A o A a 9 @ @ Y
%3&1]1!&!?(\11%11/‘!@1115“]5@"IiJLLﬁQi]"Iﬂﬂ'NE’J"IVI@]EJ Lll’f)tlfmlﬂﬂﬂ1iﬁxﬂﬂuqﬂﬂﬂﬂixﬁ]ﬂﬂﬂﬂiuﬂﬂﬂﬂ

d' 9y Lg a 9 1 1 a A 1 d' 9y a %’
L!?Nﬂﬁ'%ﬂflu%'lﬂwuﬂuﬂgﬁxﬂﬂuua$ﬁ\‘lW1HLL’1J1J'1Jﬂﬂ113J1Jﬂ'liQ’flluW'lEl UALEINTENDUITNHNIUN
Y [ a 1 [P= 1 [ o 4 ~ Y
fl]$E‘T$‘VI'E)‘L!i]1ﬂﬂ33ﬁ]ﬂiﬂﬂ"lW']JﬂmmfllxlliJﬂJuﬁﬂﬁQN11J]11JEJ\1LG]51!L°1163 HAZHAINTENOUIINNTEIN
= [ ] v 12 Y o 0 o Y < A o 1 A
‘lwiJﬂ'l'iﬁ'\?WWHLLﬁthﬁJﬂTiﬁﬁﬂﬂu'lﬂEJ\‘l"]f’ENiJ@\‘IﬂTW “Vlﬂﬁl'ﬂ!.ﬁuﬂi%ﬂﬂuﬂﬂ'l Gluﬂ'liﬂWElﬂWWliJ@
o o dﬂf s = 1 = o Y A 3 ]
NIZINUANINAIVY IWQ11§L%%H"]J’E)QLLE‘TQi]glliJlIWﬂ@]ﬂﬂ1i'U‘Ll‘Vlﬂﬂ"IW VITiﬁﬂTWTILi"IL"HHiﬂﬂ"H’EN

v =K 1

] = [ d' = v J dd’ d‘ IS
ummwiuﬁauuiﬂ"lummuﬂumwmﬂ‘mmﬂ waenuluuaaznsainuaasluniwiol

U

Y
Hawed Iwar lsdFadumiindes mannsouddymilla lasns 1¥fames Twan lsduny

WNAY (circular polarizing filter)
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2.5 Hameslwarlssuuulanaw [16, 17

A @ 7 a 2 4 Y o 7 sa 9 v A
Namaﬂwm"licmmmmau o “vumu‘wﬂizﬂaum&Wamaﬂwaﬂﬁmmmuuamwumm
A a o o d . . PR 2 o
AAY (quarter-wave plate) ﬂizﬂmﬂﬂuiﬂaymamﬂuwﬁu (optic axis) m@@qﬂﬂimﬂﬂ 2 FU M

1 o A ] Jd a Jd 4 SN
HUABNU 45 9371 Lllﬂl!ﬁ\illlliwa115615W11!1/\|E1L9]®31WE11]15615LHJ1J’J\1ﬂE13J UEINHIUBDNUIIE

3 Y @ A
nanerdlunasInan lswsunuuienan gl 2.10

UNPOLARIZED

AXIS

P “\49’ FAST AXIS
5 ROTATION OF
T POLARIZATION

g CIRCULARLY
1 POLARIZED
PLANE LIGHT
POLARIZING
FILTER QUARTER-WAVE
RETARDATION
PLATE

3 7 o A 7 @
Eﬂﬁ 2.10 Llﬁﬂﬂﬂﬂﬂﬂigﬂ@ﬂl!ﬁg‘ﬁaﬂﬂﬁﬂl’t]\‘l‘l’\'ﬁl@l’t]iiwa111'3'“11!,!‘1J‘1J’J\1ﬂﬁl| [16]

=

{ | [ 4 1
luw@nunuidervsenanniunuimiogiioanufed Tnssadwvesezaounelundna:
a 9 o = dy Y o 2% v Aa 9 Y Y @ = A
ANNIATTOUNANI DMAANANY IHLUIANRAIAININAVAINUHHINAZAUNAIVBIHAN 11D
Y 4 ¥ o 1 =2 1a A A .
TduaaTnarlssannsznuanaminiuunun@n s luifanisi@euavoanay o-wave (ordinary
. =< A = 1 9 A I 1 A
wave) LlfY e-wave (extraordmary wave) BIAaU o-wave ﬂzummwumamﬂmmau aIunau
~ T = 9 g
e-wave v limanrninawiugds sazaunIvihves o-wave az e-wave zAIRINLAZ VLY
o v o_ v 19 o =2 Y= v o ¥ a v Y 9 (4
AU a1y uandanan InuILAURIag 1L I HIDVINIHINMUN U AU
4 99 s 3 v 1 o=y ¥ Aa g
wieliuas Twan lsganaaminduurundn srauliihlussunuiiiesdszneulunuivuy
?1’/ o o ¢ A ?x‘/ A ~ o Y 3 A [ Y] A
HAZAININAULNUTIANT AAUTLUIUNITBILINZIATOUNLENIINAY A28ANGIN Ty i
A A A Y ] = o Y [ [ dy (K] 1 =
AAUITTUIIAADUNHGANUNINUHUNAN I I AR LU NREAUANUNUIVBIUNUNAD 11

~ A A o q ¥ = v w Y q 9 o
PR G G RGO EA (RE S o-wave Uag e-wave UNa@A19nN 1 90 mmm“lmmﬂwm”lw P ein

=2 o [ o =2 [ A
NITNUAANNIYY (I) AULNUNAUUBDINGN ﬂ\igﬂcﬂ 2.11
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.
(ord. ray) Ey optic axis

-
Es (extracrd. ray)

sin 2.11 saaemsuenvedad Inarlsd lunanunu@en [17]

a Y A a0 ' o
L!’E]iJWﬁi]lWU’E]\‘]ﬁuﬁJ'lV\hf\h o-wave Lag e-wave NIAT t UAUNIND

E,= Egsin® sinwt (2.13)
E,= Eycos® sinwt (2.14)

o w o o w
AEIRY 91 0=0° 130 ¥=90° 3 lauasInar lsFluuuuny y vaz unu x awaay laell

1w oA 1w
vinavesau iy Iihminy E= E, uazanuiuvesuasInarlsdn laminu

I=(E,)? (2.15)

uadmsunsalvosilawmes Twan lsduuuinavazda @=45° szvIiuaaTnar lsdidlunuy

]
=

I 1w
WAy Tﬂﬂﬁﬂm”lmlmﬁum"h/\l%mwuutﬂuaﬂﬂaummu E=

~ v

'
o

WUADANUIT YYD
4 1 1T W
TwanlsFuuursnaniiauniny

2
(Eo) (2.16)

I=
2
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2.6 msU3ulyanmw : mwszaummazanafSeuma [18, 19, 20]

o . < 9 @ A A
M315D1/3991% (image enhancement) (JunszuIUMs lumsulasvoyadiavueanin tiionog
) A v = A9 ) Ao 2 v A o
afunminiusivazideaauidesms vz lanunligauninuniunag ldnwidanuluaisan

o ~ S v A Y 1A 9 ¥ ' Y o
EJHHEJ Iﬂﬂmﬂﬂﬂi%ﬁﬂﬂﬁaﬂﬂﬂ ﬂ”lillﬂﬂ1W1W3JTlL°Vi3J1$ﬁll@]”lllﬂ1§ﬂ§$Qﬂ@‘l‘]ﬁﬂﬂﬂ'ﬂﬂTWWUﬂ‘]ﬂJ

¥
A a g ~ 1A A 1A

v [~ . 1 a <
Tumwugaznin szgnuiuiuinuians 5on91 Wnsa (pixel) Tuudaginaszlammilu
(% o I & 2K 1 A A A dy 9 o VaA g
AAAVTIUIUAY FITWTOLAAIDIMANNTINHIoANUNANgall 14 tazdaumandull

1 a ds! [ <3 Y
Talunaaginaszaivegnuymalumsinudoyavesnin
] v Y
Tagm lilnmiisiae ldnnndesataoarzegluTnuad (color mode) RGB ualunienia vy
= < = o Y Y g dyd = o dy
#1901 (grayscale) No19linNus 1 udesly Taensaes Inuaiilisvazidoanne 11l
I A 9 o = =1 a ~ [ A A
1. Jvina RGB iluTviuaiaoanasdny Iuaad RGB HUUIAALINNMINAULANEHAN 3 T AD
Y Y '

1A4 (red) 113 (blue) tazidien (green) M 11 TvuatidalseaeuAlouyULUAVRIFHEN 3 FH

o ya I o d%‘ [ Y 1 = o 1 = 1 Ay v
i inadaee dudwivinn vunudaaiuanuduveauaazdvanuaaz d lunaszuuin 1a
° 9 Ad 9 A VA ' A o ' Aad Y
ivua 13w lunwiinodeyauuy 8 Taneusauuadennaa amvesdnanuaazaniullld

s 1 9}3’/ [
aeiialdaaus 0-255

‘:9/ S o 1 =S w 1 o =S
2. 111@ Grayscale M 11 Tvual aelanyaZFUIRGINUNMTOIEATNYIIMN SINITOUTAUNAT
Y 3’1 @ J ?x’a 1 o 1 1 1 K A =l =) 3’/ 1

' ldnanua 256 szau ladaua a1 miun misou la ldsudsdun Tasliaiveaddans 0-255
) o A < Y a 1T A
dmsuluamninmanudeyauny 8 Taaenniya

Y b4
a ! %

) 3 ) A 1A
wufio lumsinudeyanuy 8 daneusuuualiy MuTIUAeINs 24 dagoinwalunisiaa
= 1R Y A g Y A o v A . 9 a
maunna 16 Amaandlullla Wevdunmseaudin (gray scale image) #0915 8 1in
1 a ' v A’ Y = o A o
apfinira Tumsuaasmszaummndull1d 256 mad Tunmszaumi 64 5o 256 szauM
a A a A o a 9 A v A
anlsingazinunniaemuysdizamnsanenuezswazideala TumsmussAuTIMaIusD
A 9 @ @ dy A v g 9/ A A (% =
muguN eI IR tagnwszaumsaalsumnunlumstanudoyadiofeununwd
Y [ A A ] ax o
Whvnelumsidsvlyanmas mamuganmtazmsdsinguesnin vialuismsmsdsuily
I @ . ° { 1 1
anae msudasldidluainsedum (gray-scale transformation) Fauilumisiasumanuaing
J a d' A J 1 A v
YpAAE WAL (WBINNAIINNSTEVAIN (contrast) VOINN TagANMATaUAIN AD Aaiauiin

Y o 9 4 a 1 1 YA
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(A-B)

Contrast = m

(2.17)

Tag A 11ag B A9 ANRAEIZAUTIMYBIA0IUT N 890 INNTANNASS U 19UDIaIUTNUNIN

1 (91’/ IS) [ d%’ ! (91’/
mla mwuu%umiﬂsuﬂ;amﬂmummu
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1 g’; o a 1 = A A sq Y
Glummlawu@l@umimmmm ﬂgﬂQWQﬂQLﬂilelf]L!ﬁ%Qﬂﬂﬁﬂlﬂi“ﬁiu‘ﬂﬂﬁ@\? I‘l]ﬁllﬂill

a A o 9 ' g oA = Y
ﬂ@iJW’JWI@TWHNJfl‘]SGlHfnﬁL!ﬁﬂ\?ﬂﬂWNllﬁﬂUﬁN"’Uﬂ\iﬂTW ANDATUVUADUNTIAUUUITU LTUAU

< 2 v 1 <] 2
ﬂTﬂﬂTi@@ﬂ!LUUﬂi%‘]_I”J‘L!ﬂ1§£ﬂﬂﬂ1wa1ﬂu3ﬁ@ud\1 ﬂ15ﬁﬂ1&l1ﬂﬂﬂ8@n\1ﬂ Glumimumwmﬂuaﬁa

@ 9

a J ' aa 1 @
udd MsARTIZHLazUseuIanan me1eaIna gamaugainanulseuareluanyuensi

C)

ANUTUVDINNNLA AL

d \ \l
3.1 ginsamaznsesdeiilylumsnaass

- ﬂ§$ﬂ1B5ﬂ§ﬂ (Photographic printing paper), Fujicolor g' U Crystal Archive paper
- Hawesd IwanlsFuvuranau (circular polarizing filter), Hoya ju Slim frame
- vaoa luihaeuunavlgesisadud 26 Sad (compact fluorescent light blub), Bioblub 1

Dimmer-D26

a3 a A

- ‘ﬁaaﬂ"lﬂﬁmmu I12NRY (I IGN ﬁlﬁl? 5 'T@WT, Nationine

- ndesn ny3 aana Digital single-lens reflex camera), Nikon ’;:' U D3000

- inseseeldaimnesfimes (optical power meter), Newport {14 Model 1830-C)
- pszay lgun (semitransparent paper)

- ymandes

- Fdou-tloouaisei (He-Ne laser)

- ’qﬂﬂi ﬁﬁ%qﬂ (dimmer switch)

- Tau'l

- UAUNAEAN

- Optical Breadboard

3.2 Tdsunsupaunanesnidlumsnaass

- MATLAB Version R2010a

- GelQuest Version 3.0.7 (m:nﬁwaﬂﬁ http://www.sequentix.de/gelquest)
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3.3 TUABUMSAUHUINY

ad | : A
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Tumsdaginssimsarenmaesiinleudany lududa Tagordondnmsaztounvuaingal

a o & o & A v o R =R A A v "o
l!agﬂiwa”lnlﬁlcﬁﬂfulﬂuﬁaﬂﬂ1iwu:§”lu TINADIATUION A Huﬂﬁﬂﬂﬁgﬂﬂﬂgﬁﬂﬂlﬂ”lﬂﬂgﬂ
k2
=1

) v &2 Y o~ o @ v o Y
aENou ﬂ\iuu%\‘lﬁﬂﬂuﬂﬁ@@ﬂl!‘U‘UL!ﬁgfﬂWIjﬂQﬂﬂiﬂ!ﬂ'lﬁ“VIﬂﬁ’EJQWH§1u1ﬁﬁ1N1§ﬂﬂiU3§3ﬂﬂ

Light source Digital camera

Diffuser plate
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d’ o (g A 1 2
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{ < Jd o { o 1 o a ]
110314 3.1 Tuasvnnnuasa ldfhasuunargoss mdgudimihndlunvd st utiane g
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CONTRAST ENHANCEMENT OF LATENT FINGERPRINT IMAGE BASED ON
POLARIZED SPECULAR REFLECTION

Sutassana Orsathit, Mayuree Hansupanusorn”

Department of Physics, Faculty of Science, King Mongkut’s University of Technology
Thonburi, Bangkok 10140, Thailand

e-mail: mayuree.kit@kmutt.ac.th

Abstract: The non-contact optical method to captured fingerprint images using polarized
specular reflection for increasing the contrast of latent fingerprint was presented. The
experimental setup was constructed with conventional white light bulb directed with different
incident angles onto the smooth surface. Latent fingerprint was deposited on non-absorbing
and non-porous photo paper. Image of the fingerprint was collected by digital camera with
circular polarizing (CPL) filter in front of lens. Conventional digital fingerprint images were
recorded by digital camera, analyzed, and transformed to the gray scale images by MATLAB
program. Results from the digitized intensity profile across vertical lines on the gray scale
image showed that the contrast of fingerprint image collected with CPL filter was 100-350%
higher than that without CPL filter. The best contrast was obtained when using CPL filter and
the incident/reflection angle of about 45 degree.

Introduction: In forensic science, finger marks or fingerprints are widely used for
identifying person. The ridges of the skin tend to leave a dielectric residue on a surface
touched by a finger (shown in Fig.1). The residue area and non-residue area come from
ridges and furrows respectively. There are two types of fingerprints distinguishable by their
formation process. The first is an exemplar fingerprint which is obtained by human finger
directly. The other is latent fingerprints which is obtained from crime scene very difficult to
see under ordinary viewing conditions and has lower quality than the exemplar ones. Most of
the techniques used to discover the latent fingerprint will destroy the sample surface. Such
techniques bring the examined object into contact with applying powder or cyanoacrylate
fuming. Therefore, the non-invasive optical method to imaging the latent fingerprint has been
developed. The optical method can collect and store digital images from the crime scene
without the need of applying powder and controlled darkroom operation. Demos and Alfano
[1] found that the use of linear polarized-light illumination in the optical scanner was able to
give the scanned fingerprint images with higher quality and contrast and the enhanced
contrast can be clearly observed through the intensity profile. Lin, et al [2] showed that
images of the latent fingerprint at a crime scene can be obtained digitally using camera
equipped with linearly polarized light in a specular reflection configuration. In this work, we
presented the latent fingerprint image collecting system using circular polarizing (CPL) light
source and the specular reflection condition, and coupled with the image transformation into
the gray scale type prior to contrast analyzing. The effect of having CPL filter and changing
specular reflection angle on the quality and contrast of the fingerprint image was studied.

~ Ridges
Rjdgci\FurTows /l \\

Furrows ) «

Figure 1. Diagram and photo of the fingerprint deposit.
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Methodology: The experiment setup for latent fingerprint image collecting system was
arranged as shown in Fig.2. The experiment was setup under regular room light. A white light
source (compact fluorescent bulb) equipped with a diffuser plate was illuminated onto a
photo paper containing latent fingerprint pattern. The incident angle of light source was
oriented at 30, 45 and 75 degree, equals to the viewing (reflection) angle of the camera. A
CPL filter was mounted in front of the camera for taking a completely polarized light. The
obtained conventional digital image files (as shown in Fig.3a) were transformed into the gray
scale image files (as shown in Fig.3b) using the MATLAB program. The “Gelquest” program
(free software used for analysis of the contrast of DNA fingerprints) was used to create the
intensity profile along a selected vertical line (as shown in Fig.3c) on the gray scale image.
The contrast (C) values were calculated from the values of consecutive maximum (I,,x) and
minimum (L) values along the intensity profile [1] using the relation:

| B
max min 1
Imax + Imin ( )

o~ Light source Digital camera
N/

Diffuser plate CPL

Photo paper

Figure 2. Schematic diagram of the experimental setup.

200 200 [

100 100

Intensity (a.u.)

(1] 50 100 150 200
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(©)

Figure 3. (a) Original fingerprint image, (b) gray scale image, and (c) the intensity profile
along the vertical line shown in (b).
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Results, Discussion and Conclusion:

Transformation of the original image into the gray scale image

The original image of latent fingerprint deposited on the photo paper (Fig.3a) was not
clear. It was difficult to distinguish the non-residue area (furrows) and residue area (ridges)
by naked eyes. After transforming the digital original image into the gray scale image, the
overall reflected intensity was lower but the peak height between the minimum and
maximum was widening (as shown in Fig.4). This indicated that the gray scale image of
latent fingerprint had lower brightness but significantly improved contrast.

25000

oo MV \WWJ"UW\-v‘umm'\fb\r

Intensity (a.u.)

—— Ongnal Image

Gray Scale Image

0 50 100 150 200
Pixel

Figure 4. Intensity profiles of the original image and gray scale image.

Effect of the incident angles

The image of latent fingerprint on photo paper was captured at three different incident
angles (30, 45 and 75 degree) without using CPL filter. The results of the images and their
corresponding intensity profiles are shown in Fig.5. It was found that clear and complete
images were obtained at 30 and 45 degree. The image obtained at 75 degree (Fig.5¢c) was
blurred and the part of fingerprint pattern was lost. This was probably due to low surface
reflection as the incident beam is near grazing angle which yields low surface details, and
also some contribution of non-reflected light source that may directly enter the detector
which causes high brightness and the blurred image. Considering at the center area of the
image, the contrast of the image at incident angle of 30 and 45 degree was 0.191 and 0.214,
respectively, while that at 75 degree was only about 0.06-0.10.

Effect of the circular polarizing filter

The effect of adding circular polarized light on the image contrast was shown in Fig.6.
The intensity profiles for both at 45 and 30 degree incident light clearly indicated that the
images obtained with CPL filter gave less reflected signal (less brightness) but higher
contrast (larger difference between the maximum and minimum for consecutive peak in the
profile). The calculated contrast values at the center position of the image (at about 100™
pixel) at incident angle of 45 degree with CPL filter, C4scp. = 0.252 vs. that without CPL
filter, C45 = 0.214, and the contrast at 30 degree with CPL filter, C39cpr, = 0.248 vs. that
without CPL filter, C39 = 0.191.

To quantify the degree of contrast enhancement, the contrast ratios for incident angle
of 45 and 30 degree (Cso,cpr/C3o and Cascpr/Cys) at various pixels along the vertical line were
plot (as shown in Fig.7). The results showed that CPL filter can enhances the image contrast
(having the contrast ratio > 1) in any position along the vertical line. Enhancement of 150-
300% and 150-200 % was obtained at the incident angle of 30 and 45 degree, respectively.
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Figure 5. Gray scale fingerprint images and their corresponding intensity profiles without
CPL at different incident angle: (a) 30, (b) 45 and (c) 75 degree.
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Figure 6. Gray scale images and their corresponding intensity profiles at incident angles of

30 and 45 degree: (a, ¢) without CPL filter and (b, d) with CPL filter.
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Figure 7. Ratio of contrast C3o cpi/C3p and Cys cpr/Cas obtained from the image

with incident angles of (a) 30 degree and (b) 45 degree.

Summary

The latent fingerprint images were digitally collected using circular polarizing light in
the specular reflection condition. It was found that clear and complete fingerprint images
were obtained at incident angle of 30 and 45 degree while image obtained at 75 degree was
blurred and the part of fingerprint pattern was lost. Adding CPL filer yields image with
higher contrast (100-350% enhancement) and the best contrast was obtained when using CPL
filter and the incident/reflection angle of about 45 degree.
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