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Abstract 

Palm leaf manuscripts are a very important evident of our historic. They are 

valuable ancient document. The contents in palm-leaf manuscript are about Buddhist 

doctrine, medicine, astrology and religion. Mostly palm-leaf manuscripts are found in the 

damaged sources. The digital files copying and image enhancement techniques could 

be used to preserve this valuable resources and knowledge. 

This paper has proposed the enhancement techniques for palm-leaf manuscript 

images. The proposed method consists of image acquisition, HSI color model selection, 

image enhancement using contrast stretching, noise reduction using median filtering, 

image segmentation using local/adaptive thresholding, and enlarge text line using set of 

mathematical morphological techniques. 

The resulted images are compared and validated with the experts. The results 

show the performance improvement of the adaptive thresholding over the global 

thresholding. The accuracy is 90%. The results show more visible character which could 

be used in the recognition step, in the future. 

Keywords: Palm-leaf manuscripts, Enhancement, Image processing 
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7. fl11Ln'U-rn~11~t1'V1~m1llf V111 ~L~vll?lm'Vlv~1.:i11~L ~1 



fl1"a'ti1 ih L '\J1 tr11iH'I. \Jil1'LJ 

nT~Rvlnun'Vl~uvi1a1 L 'U1R1J.f1TI 'U'11'U 'I. 'Uu~(Jl(,)e).:J 1-H~L zjE.J1'll1t)J LvlE.J LO"r'l1t L vhJ'U~.:1'11'~ 1~ 

uv1.:i'1n(Jlu.:J LLnt&11v.:rnJ LL\Jl~ L zjE.J1'1J1n 1Lo"r'l1t~1'Umv1n LLntii~1'U1'Uuu mnn 'I. 'UE.JFl'U'1~U'UV11.:i 
\J \J -~ , 1 
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'VleJG'l~vi LL "1.:J'll1~1 micl1va1 L 'U1 L U'U Ll.J LF11Yl~1J '11 L 'Vl~ffil.J 1 "U16m1mLn'Umiju'ULun'111~'Ui1 'l hJ 
L ~u.:i'11nm1l.J{u'U'1tvi11 \1Lnv1m11J L~E.J'Vl1E.Jfl'U 1 um'U 1~ ?i1'Um1vi1.:i1'UmF1&1'U1l.J'Vl~u'Vli.1.:i~u 1 u 

'11'U~ L U'U"l.lel.:!Lun'll'U'1t 1-Hn~u.:icl1E.Jm"r'l~~(Jle)'11 'Un1iV11'11L 'U1 (a1i.Jn'Vlu&'ll.Jvl LL "1.:J'll1~, 2552'11 I 
' 

Mohamed Sageer T.K. & Dr. Francis AT., 2014) m1vi1a1L'U1,nnn~u.:i~~Vln'1tii11rum"r'l1,J~ 

L vhifln1i 1 ml.J 1mvl~l.J L Yli1t 1,Ja1l.J1i'1'1vl LLG'l.:JLLnttl1'Vl'Uvll.J1\Jl11?!1'UVeJ'1JE.J1 E.J 1~ LL\Jln1ivi1L U'U 

~~in1vMvi1'1.\1m1L-v1~.:ievu1Jnvi11~~1E.JLLnt&1tmnmnn-i11l.JLF11vl~1J ~(Jlu.:i1-S'mJmru1vivLomt 
~ ' 

'I. 'Um1eJ1'Um"r'l m1cl1vm"r'lRl-liifl um'U~~ nu'Um1cl1vm"r'l(Jlu.:ii1m1'1'v1'11~u'Vlu1 Ln'lJe.in Ln'IJ 
~ 

er-:im LL'1tfl11l.J\Jlm ~u.:i'1lu-:i L duV11 'I. 'U 1 un1'U '1'v1vi1LL 'Vltl.:i 1 um'U 1 \1IK.:1\Jl1.:i 1,J L~E.J.:i'11m~'Um11.:i~1'U 

~IK.:i 'Vl1 ni1~'Ue.i.:i F111u~1'Vl~u1u m ~m1m1vi1m11J&1tu1v1 L~E.J nu'U LLnt'Vl1 n"r'lu11~1er n"cf1 'I.vi 1,J 

'nvl(Jlu.:JLL(Jll.J~1ml1l!'U.:i1e.i&'ll.Je.J.:JF11fou'U~nF1f.:i i1m1'1'v1&1\Jl~Lucl1wn"r'l~i1n11'1'v1LL&1.:11\1L'Vll.J1t'1l.J 
~ 

Yl{ul.J~'JE.J'livln~ u.:Jcl1E.J.fl1Yl"r'l{ul.J L'1'U~'llvl LL V1'Ucl1E.J.fl1Yl L ~el L 'ITTv1.fl1E.Jcl1 E.J~fll.J'nvl LL'1ti1FlUJ.fl1Yl~ 
~ ' ' 

LL\Jl 1 'UF111l.J L U'U'1~.:i LL~1l!n 1,Jii m1L\Jl~E.Jl.Jn11~.:im~11 nu'Um1cl1wn"r'l 

~.:i LLlli 'U'11'U'1t~n Ln'U'Sn"cf1 L U'UeJV1.:J~ L~'U LE.JlJ n LL\Jln-Xm U'U1e)E.J LLnt~,'U'Vl~.:J'Vl~e)~'lJe).:J 1 'U 

'11'U'1ti1~L'Vl~el.:J'U1'1'Vl~el'Vll.Jel.:JF\J1\Jl1l.Jn1'1L1'11 n1ivi1'11L'U1~1E.Jn11cl1EJ.f11Yl'1tLf1vl~'1JeJ.:Jf11eJE.J 

LL'1t~'1Je).:J,'U'Vl~.:imn~L~E.J.:Jfl'U~1eln"cfi LvlE.JLO"r'l1tn11cl1E.Jm"r'lffill1~i1n11'1vl'1.fl1YlLL1vl~m.J 'Vl~e) 

m1'1'v1LLG'l.:J 1 \1L 'Vll.J1t'1l.J '1tvi11 \1n1iRvl LLE.Jn~1eJn"cf1uu n'11n,'U'Vl~.:ivi11vi' cJ1n~.:i('U 

.fl1Yl~ 5 n11cl1cJ.fl1YlRl.Jf1TI 'U'11'U 'I. 'U&1\Jl~Lu~iim1'1' vlu'\.Jmrucl1E.Jm"r'l~ L 'Vll.J1t&1l.J 
~ ' 

(a1i.1n~miiil.Jt, 2559) 
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m'Yi~ 6 m~~1V.f11ViA1l.nflu"7'Ubb'UU1l.lijm~-:5'i,i"1m'Yibb11'l~m.J (Koraputonline, 2017) 
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n1,t1,~11 'Ji'! e..li'll'l1V-I 

nT~'lhtl-11"~"mYi (Image Processing) Flel m1i.h:::lJ·rn~m,qiqi1ru~'\JmYi1~v1-u~~v(" 

fol ell-I Yb b!Jlelft~vii.ff 'U \Jlel'Uviih•i' qJ ~-:i bb'G'I ~-:i 1 'Wm'Vl 1~ v-:i 1'U1~ v-d'-..i::: bM V1'Uel-:J 1 'W"lY'U \J1 el'U m1 bn'U 

11'U11l-l'Uel~" (Image Acquisition) m1~1b'U'U-:i1'Ub~el-:J~'Ufl'Ufl1Yicl1v (Preprocessing) bba::: 

m1bb'U-:J&'!1'Ufl1Yi (Segmentation) (Gonzalez, R.C. & Woods R.E., 1992, Xu, Z. et al., 2009) 

Segmentation 

Preprocessing 

Problem domain 

Image acquisition 

Representation and 1-------­

description 

Knowledge Base 
Recognition and 

interpretation 
Result 

mYlvi 8 "lY'U1J1el'Um1'\J1:::l-11a~amYi (Gonzalez, R.C. & Woods. R.E., 1992) 

1. n1'abfl'U'a1'U'a'UJ'Uel\!~ (Image acquisition) ~el m1cl1V.fl1Yib~'Ub"l!el'fa"::: 

f-111l-Ji;'l1l-J11f.l 1 'Un11&'!-:J~qjqJ1rubb 'U'U~~'Vi'1~bfl'U11'U11l-J L~Vb~'Ub"l!tJ{~1'U'el'Un1ru~1-:J 'l b "t1'U n~el-:J 

1~1t1 n~t1-:i~~v(" b'U'U~'U 1~mb'I.J"-:i~qiqi1rubb'U'Ut1'U1~t1n b'U'U~~v(a zj-:ib'U'Un11bb'1~-:i~"mYi1'W 

"'n"'ru:::'1t1-:iij~1 'Uvttbv~ b~ v ffJ1~m"l!a (pixel) mv 1 'WmYi~tJ~11°111l-l b 'Ul-1 bb'6'1-:J'lltl-:Jfl1Yi (intensity) 

m1 bfl'U~1'lltl-:Jf-111l-l b 'Ul-1 bb'6'1-:J'Ut1-:J.fl1Yi~~v(""-:ivti.J1vm1l.l'<ii11 'U"'n"'ru::: b'1'U-..J~ (raster) -d'-..i:::b~VffJ1 , 

.fl1Yi'U\J1bbl.l'U (bit-mapped image) vt~tl.fl1Yibb1'6'1b1J1tli (raster image) bb~.fl1Yi~~~bn'U1'W"'n"'ru::: 
,!f q ') ,.. q q OJ (' • ) .,j 1 " II q a 
'U-..J:::l-J'U'U1~ ~vtqi-..i-:iiim1'U'Utl~.fl1Yi image compression LYitl vt'lltl~'1fl1Yil-l'll'U1~Lan"-:i .fl1Yi 

~~'VI" 1~v~11 '\J'6'11l-111f.lLL 'U-:J 1~ L 'U'U 3 '\J1::: LflVlvt"'n ~el 

"" 1.1 fl1'Vf"1 

1.2 fl1~L'Vl'Uihvn 

1.3 fl1Vl"!J11~1 
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1.1 111'r~a (Color Image) nT~~G'flJa'U'UFlellJYbL\Jleli'1tJe:i1~vmJa 3 afie:i aLL~M aL~V1 

LL'1t tl1L1'U Vl~el~L~vn11~ RGB (Red-Green-Blue) Fl11lJLVlije:imil:i'1Jel~~FlellJ~1L\Jlelii1tJ~'Ueltj 

fl'lJ~(,lVl;j~~(,1 (pixel) "!Je)~n1'.iLLG'f(,1~~'1i1'U 1-b''.it~'U'llel~a (color depths) ~i1f'11L"11hrs 

~ !;I 'l" .. Q V cl!;! I 

1.1.1 '.it\J\J~ RGB (RGB color) .i RGB b'll 8 'U\J1Ln'U'1Je)lJ'1Vl'U~.i VllJ1VFl11lJ11 
" ., 

L0~1tLLl-l~ L"l!'U ~LL!,1~ ~L~v1rh1ti1Fl11lJL'U'U~LL!,1~ e:itjii~ 256 '.it~'U (0-255) ~L;V1LL'1t~lJ1L1'Wn 

L"l!'Ufl'U '\11ni1tJ'\ltLiii,i,nnm'.i~G'llJ'1Je)~~i~'11lJ1'UeJ\Jl'.i1'11'U~1~ 'l fl'U L"l!'U ~LVl~e)~fi'.i'.ilJ!,11Lii!,1'\17n 

n1'.i~G'llJaLL!,1~ 255 '11'U aL~V1 255 '11'U LLntatl1L1'U 0 '11'U L'U'U~'U L~'.i1tOti1'U'.it~'U'1Je)~~LLVI~ 

'\ltl1i1~ 256 '.it~'U ~L~V1 256 '.it~'U ~tl1L1'U 256 '.it~'U RGB i~VllJvtt-b' 24 D1J11'Un1'.iLLG'IVI~~ 
d d ~., ct ., ~ 

RGB 'llel~Vl'U~~i,i (pixel) 'll~G'l1lJ1'.imLG'lvt~G'f~i,ilJ1m1~ 256x256x256 = 16.7 '17'\.J.i 

G 

m~~ 9 '.it'U'U~ RGB (Philippe Cattin, 2016) 

... 
MOO 

"'° 

1.1.2 '.it\J\Ja HSI (HSI color) 1\.1'.it'U'U~ HSI (Hue, Saturation, Intensity)~ 

~lJel~L~'U'\ltU'.i:me:iu1,Jt,11V U'.itLJl'Vl'llel~a (Hue) Fl17lJ~lJlil1'!m~a (Saturation) LL'1t Fl11lJL'!JlJ 

'!Jel~~ (Intensity) 

m~~ 10 '.it'U'U~ HSI (Philippe Cattin, 2016) 
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,h::Lfl'Vl"!lv.:iil (Hue) fi0 LQl'l~ Ll'lcJ~R1•1m.:i Hue '1:::iiRT'a:::vt11.:i 0 - 359 zj,:i~:::1~~1~\J 

nT'aLtl~cJ'ULLtlrt.:i'11naLL\'l.:J (Hue = 0) 1tlei'.:i~L'UcJ1 (Hue = 120) LLrt:::'11n~L'UcJ1Ltlei'.:i~tl1L1'U 

(Hue = 240) LLrt::: '11natl1L~'ULtlei'.:iaLL\'l.:J (Hue = 0) L\'lcJL"tl?llJnT'a~.:Jd 

?IIJl'mT'afl1'U1UJ'V11R1 Hue 
\I 

8 Bs:G 

H= { 360 - 8 B>G (1) 

-2
1
[(R-G)+(R-Bil } 0 = cos-1 -◄--=-----------... 

2 1 2 
[(R-G) +(R-B)(G-B)] 

(2) 

f\1111~11i1"!Je){la (Saturation) RtlR1~1:::u11~'1m1~\•h.:J'11nLLn'Unr11.:iii1rnvh11'l L\'lcJ~ 
' \I 

tl1R11-111lJ~lJ\P11"lleJ.:Jaiirhinn-iJ'Un'1:::'Vl11 ,x~vtlmn~ LficJ.:Jfl\J L\l\'la~ LL vf ~~.:im n-iJ'U L\'lcJ 1 "tl?llJfl1"a 

~1J11fl11f11'U1UJ'Vl1R1 Saturation 

3 
S = 1 (R+G+B) [ min ( R, G, B ) ] (3) 

f\1111L 'U1J"!Je){la (Intensity) ReJR1ffi "tl"at\.l11~'1'Ui1m1ii L -uiimnwh L\'l tl1R1lJ1 n-iJ'Un~::: 

'Vl11 ,xam~n~1'Ut11::: n0u,0~~,11mn.ff 'U L 'U'Vl1~ n"'un'Uti'1R1-rl'i1R1'\J0vr1~n~:::vh 1,xam~n 

~1'Utl1:::fleJ'IJ"lleJ.:Ja~1ii1n.ff'UL-ci'Ufl'U L\'lcJL-ff?liifl1"a~~d 

~1J11fl11ri1'U1ruvt1rh Intensity 

1 
I= 3(R+G+B) (4) 

'l 9 ~ ., ~ 11 , 11 11 9 d , "' "' tld ti ~ti 1 

b'U"at\JU'1 HSI 'U'1t?l.:JLfllJl bl'l11mm1iIL"tllJ"tleJ.:J·'1'VllJ'U~cJlJe).:JL 'Vl'Uilfl11L rlcJ'ULL rl.:J b L"!l'U 
' 

tl
J ... d ... I • . .fl ... J.., I 

L rtcJ'U~1fl?ILLl'l.:J'VllJfi11 Hue = 0, Saturation = 1, LLri::: Intensity = 0.5 Lu'U ?ILLl'l.:J'VllJ r111i1?111.:i 

mn.ff'U (R1 Intensity ~.:i.ff'U) fl11Ltl~cJ'ULLtlr1.:i-d'1:::hli1~rtflUR1 Hue 'V11 Li1:::uua HSI dLvtii1::: 

~1w!u fl111 Li'l11::: ~1tlm'Y'l~i1fl11 L ti~ cJ'ULL ti r1~m1ii L "UlJ"tl e) .:i LL?l~m n fl111 :::uu~ RG B 
\I 
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1.2 fl1'W1Vl'Ll~LVl1 (Grayscale Image) 

~.:in'tl'U'UeNl-11Fl11~ b 'U~'ll'Ulil::b U'U'U~~1ru?t Lmni mw 1 'Vl'U~b 'VlTI.J1.:ir1f .:ien'1b~eJfl'l1 

mw~L~cJ1 (monochrome Image) 1fim1'Vi'11'\Xmw'11n~LU'UITT'!Xmnmtl'U'U11~1t!'U 1Jia.:i1\J 

bbffi'Ub'U~cJ'Ubb'U,N~~~vin "l ~~ (pixel) ~,J-s::nmJn'Ubtl'UmW '11nt!'U~.:ibbcJnVeJcJe.le.JnmLtl'Un'11fi 

1 'Un11~~n11LL'U1M~t!'U1 'IXLtl'U1 'U(,11~~\Jia.:im-s LLil~'UeJ.:iLL1.'l.:it!'U'1::\J-s::ne.1u 1 'lJ~1cJ 3 ~ Fia LL~.:i (R) 

b ~cJ1 ( G) \11 L1'U (B) 1 'UFle.l~Yi1b(,leJi'1:: \Jia.:i 1,j Lbil~'UeJ.:i bbl.'l.:i n11'1::vh 1 ~mw b 'U'U~bO~b 'Vl1'1'U '11 b 'U'U 

'1::IJie.1.:i bO~cJl-11~'UeJ.:i Lbil~,½,:i1,'l1~m ~iiR1b 'V11 "l fl'U ~.:iFle.J~Yi1b\,le)'S'1:: Lb u.:i-s::lii'u'UmLOl'l~e)e) m U'U 

256 -s::lii'u ii1-11~.:ibb~ 0 - 255 b~cJ.:i'11n~~ij~~1.'ll'11'U~~"111.:i~"11'1Vl~e) ~11'U'U11 b"O'U °LJ11-11bb~~~ 
' ' 

1~~111~n'U LL~.:i (128) L~cJ1 (128) tl1L1'U (128) '1::1~mwaan~1btl'U~L'Vl1mn.:i "l '11nt!'U'1:: 

Lb 'Um'11nfl1WITT ~b 'U'Ufl1W L 'Vl'U~ b 'Vl1 zj,:ilJia.:ibbcJnbe.l1~5-S'a~'1l1~eJeJ nm'11na'!m.:i LLlJ~,½.:il.'l1~ (RG B) 

rieJ'U bb'11~.:i beJ1!-11'UeJ.:i bb~rt:: mmt!'UmLO~cJfl'U 1 'IXL 'V11 "l fl'U bb\,lb 'UF111~'1~ .:it!'UVl1n'V11eJe.Jnm(,11~ 

.ff 'U(,leJ'Uil ~rtlil:: 1~L viija'UmWIJi'UOU'U AeJ'1::ii~1'U~ii1'1Lf1'U 1 'U Vl1eJ"111.:ibn'U1 'U LW'a1:: 1 'Ubb~rt:: Lb~~ 

t!'U ~1bbilaLa.:iiiR1m1~1.'l11.:i1ilL'V11fl'U Lbil~'UeJ.:ibb1.'l.:it!'U1il::'U'a::ne.1u1\J~1cJ 3 ~ AeJ bbl'l.:i (R) b~cJ1 

( G) tl1 L1'U (B) 1 'UFleJ~Yi1L(,leJ'Slil::~fo.:i 1"li'LL~~'Ua.:i bL1.'l.:i n11'1::'Vi'11 '\Xmw L U'U~ bu~L V11t!'U -;J'1L U'U 

liJ::IJia.:ibu~cJl-11~'UeJ.:ibb~~,X,:i1,'l1~m,xn1-11LV11 "l fl'U L1'1cJ1"li1.'l~n1'alil.:iil 

~(,11n11f'i1mruvi1mw 1 'Vl'Uab V11 

Gray = (0.299xRed) + (0.587x Green) + (0.114xBlue) (5) 

1.3 fl1'W"!l11-,h (Binary Image) ,hw!umwu1.:i'1l'Lil'llil::ii"'n~ru::1(,l~~\Jia.:in11 
.J.. ., ..i ..id .. ., J{ ., ., , 1" . ., ., ~I ., .J 
6lM~m1~b'U~'VlF1.:iV1b~eJL'VlcJ'Un'UW'UV1rt.:imacJ1.:i l'lbbn fl1W'UeJ.:i(,11eJn~'a (text) bu'IJ(,l'U "Hf11W 

I ~ 411 ti Q.I .cJ .K V 1" I ., (Cil II' I/ Ill.I 

bVl"'1'Ulil::~m1~b'U~'Um1\,l~'Vl?t1m'atlbbcJneJeJnW'UVlrt.:i l')e)cJ1.:i'll~blil'U ~m1~b'U~'U'U?teJ.:i<a::~'U 

1~ bbflFl11~b 'll~'UeJ.:i1\,ltl bbrt::m1~ b 'U~'UeJ.:i~'UVl"'.:i) n1'abbcJn~1'U'U'a::neJ'U.fl1W1.'l1m1t1'Vl11~1'1cJn11 
' 

fl1Vl'U~R1b 'Vl'a'll LijrtvJ ( threshold) ~.:ib U'UR1m1~ L -u~ 1 'IXiiR1~1.'l1~1<ambcJnm1~ LL\,ln~1.:i'UeJ.:i1\,lt1 
' 

bbrt::~'UVl"'.:i1~~1eJV1.:i b'll'U i11W'UeJ.:i~1e!n~1~iim1~m1~b'U~'UeJ.:i~1elffli'Sb 'U'U O (~~1) bbrt::ii 

Fl11~ b '!J~'UeJ.:i~'UVl"'.:i b U'U 255 (a'U11) lii'.:it!'UR1b 'Vl'a'1l Lijrtlii~.:im<a'1::i1R1 b V11fl'U 128 b vle.1~'1:: 1 ,x 
1.'l1m<amLcJn1(,l~e)eJn'11n'~''UVl"'.:i1~ L1'1cJ'Un~bb'11n1'ab~eJnl-11b'Vl'a'llLijf1~'1::('UeJtjnu~1.'lL'Vlbbn'a~'UeJ.:i 

mw m<aVl1R1LVl'a'1lLijrt~m<a~L~eJnR1~1.'lLV1LLm~~eJV~'1~~1?1~~eJV'a::V111.:ilil~?t.:i1.'l~ (peaks) 
\I , , \I , \I " 

{ 
0

1 

g(x, y )= 

If( x, y) >T 

(6) 

Otherwise 

..,j fl IJ O I .J 
L~eJ g(x, y ) b u'U'UeJ~rtfl1'V'l ru \,11LLVlm'Vl (x, y) 

T L'll'Ul-11 Threshold 
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2. n11~1 L ili.H1'UL dei.:i'1'Uf1Ull1VHl1V (Preprocessing) n11~1 L 'U'U-:11\JL de:i-:i~'UflU 

m'Vl~1c.1Fie:i mTufutJ1-:imYl~'UuiJune:i'U'U1L i1~m:::vmn11\JleJ 1 tJ L -rle:i L ~11m1111-u.Jiv1'Ue:i-:im'Vl 

"1v1vt~mmG1qiqi1ru1um'U ijm:::u1'Um1vi~ne:itj 2 m:::m'Um1Fie:i 

2.1 fl1i"1vl'1qjqJ1ru1um'U (Noise Removal) 

2.2 m1tJfum111A11-B'v1'UeJ-:l.fl1Yl (Image Enhancement) 

2.1 n11au~qiqi1w1um'U (Noise Removal) ii~v1tJ1:::"'-:iFiL~mw1V1eJ'U~'l'U'UeJ-:JitJmYl 

~ij~-:i LL U"1flU"1eJ1leJ'U 1lJfi-:itJ1:::"'-:iFie:ie:in 1 tJ 1vi c.1G1qiqi1ru1um'U~,'U 1 viqjl1' m1:::1J1'11flflnJ.fl1Yl"UeJ-:i 

.fl1Yl~'UQiJU~-:!Ltl'U~'UL V!IJji119qj~'Vh 1 '!Xm11J~fl~e)-:J'Ue)-:J 1 UiLLm1l'1vl'1-:I 

2.1.1 n11n1eJ..:i'ijm.ia111~lv1v'lifi1iBv~1'U (Median filter) 1tim1'1'1::: 

,11111i A (mask) 1 tJ11-:iVJU.fl1Yl ~'UQiJU LL~1,l1~1 L"1'U1l1 L~c.1-:irl1~U'11fl°IJeJ cJ 1 tJm111 fl '11 rn!'U'1::: 

L~e) flfl1~eJtj1J11-:lfl'11-:J 1-Jl. -ii bvlc.11fifl11 L~eJ'U1l1iA'1::: L~eJ'U'11fli1cJ 1 U'U11U'U"1-:J,h-:i 1fifl11'1'1:::~e:i-:i 1-ii 

fl1i L~c.1-:irl1~u~-:i L tl'Um:::tJ'J'Ufl1iv1'l '!lL 1'111 'Ufl11f'l1'U'Jru~-:i LL\Jl'!JeJ~Fie:i 1lJ~qJL~ cJFl111JA1J'tlvl 

4 6 8 4 6 8 

1 1 4 4 4 4 

6 8 9 0 6 6 5 2 2 6 

Mask 3x3 5 1 2 2 3 5 6 2 3 3 

8 4 7 0 5 8 4 7 0 5 
., ., ., ' .fl1Yl\Jl'UQUU .fl1Ylf:.J'1'1Yl6 

.fl1Yl~ 11 ~1eJE11-:lfl1iflie:J-:i'!JeJ1J'1 bvtcJ1-&'F11l1'ucJ~1'U 
\J ... 

'11fli11Yl L U'Ufl1i'U11l1iA 1 U11-:IVIUflUi11Yl~'UQiJU 'U1Fl11J1 L~c.1-:irl1~U'11fl°IJeJV 1 UV!1 

1J1fl L'li'U 1, 1, 2, 3, 4, 6, 7, 8, 9LL~1L~e)flfl1fl'11-:11l1b-ii Fie:i 4 i111tJLLVl'Ub'U.fl1Ylf:.J'1~Yl'5 



2.1.2 nT-an-·rn~ira3.1~.n1w1tu.1lifi1Lo~v (Averaging Filter) 1-HL~mw1iqiqi1ru 

1um'U~ija~"l 'Um'l'l L\vl EJ161111d'1~ L 'U'Ut111V11Fi1 LQ~ cJ 1i;iv'1~ij 1111n1'Vl'Ui;JlJ1i1-11 ~num'l'l 1i;i v 

14 

.,... ..I ' .,j ., 1• I ' d 1 t .J' .fl o ' .J 1fitl11L"1tl'U1J1'1fl'1~ L"1tl'U'11n'1!1cl u'll11\J'U"1.:J'11.:J 'l!.:J 'U'll'U!Jltl'U'U\l~ L u'Utl11'U11-11 LQ"1 cl'tltl.:Jfl1'1'l1J1 
., 

"1ll'1qJqJ1UJ1tJm'U 

4 6 8 4 6 8 

2 1 4 2 1 4 

6 1 3 9 6 6 1 3 9 6 

Mask 3x3 5 1 3 2 3 5 1 3 2 3 

8 4 7 0 5 8 4 7 0 5 
., ., ., ' fl1'1'l!Jl'UQ\JU fl1'1'lr-J"1'1Vlfi 

c:1 .., , " 
1 

1", .., 
fl1'1'lV1 12 !Jl1tlcl1.:Jtl11n1tl.:J'tltl1Jrl i;JcJ 'tlfl1LQ'1cl 

" 

'11n.f11'1'l L 'U'Un11'U1111ifl 1 U11.:J~\Jflll.fl1'1'l ~'UQ'\Jll 'U1f11111iflflUJflllf111 'Uf11'1'l 
" 

~'UQ'\Jll L-d'U (1 *1)+(2*3)+(1 *4)+(2*2)+(4*1)+(2*2)+(1 *6)+(2*1)+(1 *3)/16 ;,:iFi1~1~fitl 2.12 

LLi1~.:i-J11 tJ LL Vl'U 1 'Ufl1'1'l~rl"''l'lfi 

d .., ~ II ~ 'l II I "' I .J II ti .Jq 
fl1'1'lV1 13 ~m'l'l'lfitl11n1tl.:J'tltl1Jrl bi;)cJ b"llA11JficJ~1'ULL'1~fl1LQ"1cJ (n) fl1'1'l!Jl'UQ\J\J ('ll) fl1'1'lV11J " .. 

~qiqi1ru1um'U (1-1) m'l'l~~1'Ut111mtJ.:i'!ltll;jrtfl1Vl 1i;iv 1 iFi1l1'5cJJ1'U ( .:i) m'l'l~~1'Ut111 

n)'e).:J'!Jtll;jrlfl1'1'l Li;)EJ 1 'tlf11 LQ~EJ 



2.2 nTl'Ui'Ufl111Jfl1J'tifl'tlu.:i111'rlchv (Image Enhancement) m1u-ru~1F1111J 
' 

Fl1J"tl\ll"l.ltl.:Jf11Yl~1Vfl11LO~tJ~1m11Jij\llLL"':!Fl11l.J"111-:l'Utl.:Jf11Yl (~L'll~ 1:!V:!mJ LL"':!Fl'1J:!, 2556, • 
Z . Shi & V. Govindaraju, 2005, K.R. Ingole & V.K. Shndilya, 2011, J. S. Lamba & Rajiv 

Kapoor, 2015) Lvlm °LJ'Ufl1YlriTu~ij\11Ln'U 1 \Ji11t1a11.:iLn'U 1 tJ'l \1lJF1111JYlu~ m1u-rum11JF11J"tl\11 

1 \1flU.fl1Yli1'U il1\Jl~U1:!"1-:Jfi L-rlu 1 \1fl1Ylilm11JF11J"tl\ll 1 'Ufl1Yl1!1 fl ~-:l~'U 1 'U"11tJ\Jl11J~~rfo"':! 1 \1fl1YI 

i!'Uilfl11l.JL\11J1:!"11Jfl\J.:J1'U L\IIVil L'VlFl'UFl\J\1.:J 1 ~.:i-d 

2.2.1 DflL'VILLn~lJ (Histogram) LU'Um1y,j~LL"1\11-:!'11'U1'U~flL'll~-Uu-:i~ Vl1u~1 

15 

., • c:t d~ ,QIQ 1 . ., . .J • .c::i!Q 1 , 
Fl111JL"l.11J\Jl1-:I 1 'll.:Jfl1Yl'Vll.J\ll\l:!l.Jfl"1 'VlLLF11l.Jfltl.:Jtl~'Vl1.:J'll1V "11'Ufl1Yl'Vl"111.:J\l:!l.Jfl"1 'VlLLF11l.Jfltl.:Jtl~ 

Y11-:i-u11 m:!U1'Un11\J1:!111mrn~1vija 1 'Vl LLml.l V11J1 v~.:i m:!m'U m11 'Ufl11tl-ruu1-:im111 L -u11-ut1.:i 

• 1 ..i1"!1" .. 1 ..i .. .., ., 1 umw wm i-, ~\11fl"1 'VlLLF111J'Vl1J~fl~ru:!\Jl11J\Jlu.:Jfl11 
" 

-~J .;,..»11,eall """~ ~ .,,,_ ~ 
• ·ri••·~~'! .. _,:.,... t'--1. .:,lldlli 
~lviJ,J\,,U\-vo•"o!"! ~jdl-.ui 
"1.u...;.._,i-,...:.11:,\o,~ l:.i.l.Jlr)J 

(1) Grayll!YC:llma(II, 

'ti 

jt 

133 

Graylev,b 

(b) llsblttogram 

~>,>' ~.._i, •.,,,.-iJI ..,...,..J .... ~ ..J 
-~.-' , ...Ji.Jir!.IJ ,...,1,.,, ~.1.:.,....l'u...i...c.~J 
- •~•~,Jl,.J.t1:-v,:o- -....,.il ·...01. 

~v.::.;.,..;.,....::.11:,1..,.:;:.u.1:.:..J:a1,-~ 

(c) "Ibmholdlngresult with Ouu~ mdhod 

fl1YI~ 14 fl11\J-ruu1-:ii,rumYl~1VL'VlFl'UFJija1 'VlLLF111J 

(Toufik S., Abderrahmane K. & Halima B., 2014) 

2.2.2 n1~'\Ji'rnhfl1111 LL\Jlmh.:i Lf!VL ifi1nfll 'VILLm1Jijfl'Ju l~L~'ti'ULL uu'\Ji'ul~ 

(Contrast Limited Adaptive Histogram Equalization: CLAHE) Fltl1~fl1'SLYh.J~rumYl 

mYlm~-rum-si\Jll'U1'11fl~"1L'VlLLF111JBF11u1m'll"tl'U (Histogram Equalization: HE) L\IIV~'111ru1 

-s1v~~ LBtJ\11euei11~'11 fl ija 1 'Vl LLm11Bmei 1~ L'll-B''U 1 mL\Jl~~~1~n L 'll~U'U~'UriTufl~1-:i-uei.:imYl~'Uouu 
" 1 I .. 1 dc1 " I I d Q O 1"., .. 1 1 I .J 

\lltJFl1fl"1 'Vl LLF111J'Vl1J1:!\ll\J"1.:Jfl11Fl1 LO"'tJYlflL 'll"''1:!'1fl'U11J1 Fl1:!'11tJ VlflU'VlflYl flL'll~ 'Ufl1Yl \lltJF11'Vl 
" " . 

0 :'1 I 1111:l, 1 dcia " I I d Q 

'U11J1Fl1:!'11V\l:! L u'UF11fl"1 'Vl LLF111J'Vl1J1:!\IIU"1.:Jfl11Fl1 LO~tJYlfl L'll~ 
" 

~a 1 'Vl LLm1JBmei 1m'lli'U L tl'Un11vi11 \1ija 1 'Vl LLm1Jm:!'11tJn'Uei~1-:iaJ1 L"11Jei 

(uniform) n11u-ruu1.:iirbJilm1~\ll'Vl1tlL~1J'11'U1'U~\llfl1YlLL~Ltl'Ufl11\J-ru~1m1l.JL'!Jl.J'(Je).:J~\llfl1Yl 

1 i11lJ.:iV1l.J\ll 



m'V'I~ 15 m1~HG'ILYILLml.!BFl1eJ1m'll"lltJ (Tutorialspoint, 2018) 

2.2.3 f11'aLL Ufl.:i'6el3;Jfl L~VL 'ijfl1A113J L '63.IL 'Vl1 ( Gray-Level 

Transformation) L UtJf11'm tJri.:im1l.l L 'lJl.l'UeJ.:Jm'V'li.:i~'U 1 tJ L U'UFl11l.l L 'lJl.!'1lel.:Jfl1Yl~n"'Yl5 LlilV 1 -if 

Function: s = T(r) (7) 

Lde:i r Fie:i fl1YI input LLrl~ s Fiei m'V'I output 

s = T(r) 

.___"""'---'-------'--r 
m 

Dark --Light 

m'V'I~ 16 m1~n1'~LLtJ"'.:ir11m1l.!L'lJl.l (Gonzalez, R.C. & Woods R.E., 1992) 

16 

2.2.4 f11'aLLUfl.:iie13;1fl 1~v1ifi1~e1n (Log Transformations) LU'Urn~tJ-ru 

m'V'l1 ~lilG'f11.:i~.:i(tJ Ltl'Urn~t1-rur11'1Je:i.:iil·N~nL'll"'~LLtJ1n~1.:iti'tJei~1.:imn 1 ~"'lilri.:i Llilti 1-B°G'fl.lrn~~.:iil 
" 

Function: s = clog (1 +r) (8) 

Lde:i r Fiei m'V'I input LLn~ s Fie:i m'V'I output 
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..i • i ., r 1" ' "' fl1Yf\ll 17 nTrnu".:i'llm.J"bvltl -UFnmm (Gonzalez, R.C. & Woods R.E., 1992) 
" 

2.2.5 nT':iVflfl1111fl11'tifl (Contrast Stretching) 'Vf~vm-stJ{U'HW1U~L'Vl1'lleJ.:J 

m'V'l LthJfl1'S'llt11t1'll'U1vlf'l111Jf'l1J'l!vl 'Vf~v'llt11t1f'l1111L 'll1l'llm L 'Vl'U~L'\1111 ~v~"l 'U-d1.:i~~v.:in1-s Lvltl 

F11'U1rur11f'l1111a11.:i,nnr111'l1111L -u11a.:iavl LLmir11m111 L -u11~1'1vl'llv.:Jf11'V'l Lvlti 1 -Ha11n1-s~.:id " , , 

a(m,n)-Min(m,n) 
b(m,n)=255 -----­

Max(m,n)-Min(m,n) 

L~v b(m,n) fivr11m111a11.:iV1"'.:in1-stJ1'utJ-s.:i , 
a(m,n) fivr11m111a11.:i 

Max(m ,n) Rell'11f'l111J L 'U1l'1.:J'1vl'llel.:Jf11'V'l " , 
Min(m,n) Rvl'11f'l111Jb'U1JJ1afl'llv.:Jf11'V'l , 

(9) 

3. nT':iLLVmhu,ie:i.:if11'Vi (Image Segmentation) fl1'Sbbt1rn'f1'U'llv.:Jfl1'V'l'1t\'111 ~ 

a1111-s'1 LLt1n'llm.J"fl1'V'l'llv.:i~1'U1~~~~v.:i n1-svvn111'11 n~'U'Vf"'.:J'll v.:im'V'l 1~'1tV111~'Vl-s1u111 'Ufl1'V'l 
.. OI 1cl.:' .. 1 !'1 _, _:' 1 ..J OI I .. !'1 _J' 
111~~v~n-umL"t'V'lm'lm vlb u'U'llv.:J1~~-U'U vl 'l!.:imtU1'Ufl1'Svl.:Jnm1'1m u'U'V'l'U!1'U'trn.:im-s 

'U'St1J1at,m.fr'Ua.:J~'1ttl11 'U~fl1'S~vli:;'U h b~tl1fl'Uf'l'1Jfl1'V'l'lJe),:j.fl1'V'lm "tl.:J1'U~e) 1 tJ " " , 
I r 1 " I r ' !'1 .. cl I ..I 1 I fl1'SbbEJn'11'U.fl1'V'l bvltl "Uf'l1b'Vl'S"Ub©'"1vl (Threshold) b u'Ub'Vlf'l'Uf'l'Vl.:J1tl'Vl'1vl 'Ufl11m.J-mtin , 

I r _, • 4 ..f IJ ..f _, 
'11'U'llel.:Jfl1'V'l bv'ltlfl11bbtln1~~ (ob1ect) mv'V'l'U'Vf'U1 (foreground) vvn'11n'V'l'U'Vf".:i 

(background) 1v1 tl'Yi'11'S'1J1'11nfl'11 'Vl LL ml.I (Histogram) 'llv.:Jfl1'V'l 1v1 t1tl1m'V'l~1J1\'11 m-s Lb tJ".:i b U'U 

fl1'V'l~b 'Vl1bb"ttl11J1bb'U".:JL U'Ufl1'V'l'll11iii1 ijn,-sn1'Vf'Uvll'11b'Vl'S"U L©'"~~'U1J1 21'11 ?iv high threshold 

(Tl) LL"t low threshold (T2) 1v1t1~m'l!"~iir11111nn11 Tl '1t~ntJ1'rntJ'U 1 (~'ll11LU'U~m'l!"~ 

LU'U'llvu) LL~'11'1vt1n11 T2 -..it~mJ1'uLU'U o (~iii1) ~1'Ur11~vtj-stV111.:ir11L'Vl-s-u1~m~i.:iav.:i m-s 

tJfoLU'Ul'11 o 'Vf~v l '1'U~'Uvvnu'Yim'l!"~vv-svui1.:i V11n'V'lu11~m'l!"~vv-svu-u'1.:i'llm~m'l!"~ 
" " " 

LU'U'llvU (r11 > Tl) iir11111nn11 T2 LL"'1 '1ttJ1'ur11'Yim'lm~.:in~111~iir11LU'U 1 LL"t~mtJ'Ua111:Sn 

'Vf~.:i L 'Ufl1'V'l'llvu~1 ti L -d'Un'UiY'U~v'U'il-..it L U'U16n1-s LL ,J.:im'V'l'll11-iii1 ;.:i-..it~.:i~-mviv n1-s-..iv1~1m'V'l'Vf~v 

'SttltL1"11'Ufl1'S'U'St1J1mmm'V'llflt1~-s.:i (Otsu, N., 1979, Ankit Aggarwal, R.S. Chauhan & 
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Kamaljeet Kaur, 2013) rn1vi1Lm"!!Lfl"11iii1L'Vlf1Ufl"v1'1fl 'l 'el~ 2 L'VlflUfl fitJ rn1vi1L'Vli'!lLfl"11ii 

LL\J\Jl'l1L~EJ'n~-un·,1 (Global Thresholding) LLm:rn1vi1L'Vli"!!Lfl"1liiLL\JtJ'U~tJ1Jrn.Jf1111JL'!Jl..lLUV'l1t 

'11'U'lltl.:Jfl1V'I (LocaVAdaptive Thresholding) (Garg, N.K., Kaur, L., & Jindal, M.K., 2010) 

0 ,. ~ I c:I t, ~ 
3.1 fl1''aVl1LVl'a'tl~0~'1LL\J\Jfl1LVl'-11Vl.:Jll1'W (Global Thresholding) fltlfl1i 

\-11 L 'Vli'!l Lfl"11iil'l1L~EJ'JLL~'J 1 inumV'li.:imV'I LVIEJfl1iL~'elfll'l1 L 'Vli'llLfl"11ii'1tt'U'el~fltJij'11 'Vl LLml..l 
4 ••-r cl ~ _JI I '1 .J1,1 

"U'el.:Jfl1V'I fl'Ji L"1'el flf11 fl'1 ~ 'Vl LLml..l'Vl~~\Jl1~~'Vltl ~W\-111.:J~ ~~,:i~ ~ L "v11J1 t fl\J.:i1'U'Vl \Jl'el.:J fl1 i f1111J 

11~L ~1 L V'li1ti:irn1Fi1tJ1ruR1 L 'Vli'!l Lfl'11'i L YiEJ.:iflf .:i L~EJ11 -&i.~~numV'l~i:ifl111J'111.:i'1J1L'11Jtl 

rn1thtm"1~"1fl1V'l':ilt 1 iR1 Lflru'f11 'Ufl1if11\JfJl..l ~1 LL -v,,1.:i~'11 Fi'qi 1 'Ufl1i LLEJ nmV'lzj-:Jt:-J"1'1V'lfi 

.:'1'\J ., .. ~., ... .:'1"'\J .. ... 1 ':iltLu'U itL.f1'Vl1\Jl~ "v11tl V'l'U"v1"1-:J'11l..11i'1L'lJEJ'ULu'U\Jl'JLL iLL\J\J\j"1'U (boolean) "1" "v11tl "0" ~EJ 

L'VlflUflvl'l m 'Ufl1iLL U-:JG'l'J'Ufl1V'l,r'U ':iltL 'U'Ufl1iLLU-:JG'l'J'Ufl1V'l'lJ11~1 (binary) L~EJ':iltL~'elfll'l1L'Vli'!l 

Lfl"11'i zj.:i':ilt'Vi':il11ru111~~ 1~m1':ilt L 'U'U~'1J11~i:i!'l1L v,1 nu 1 'Vl~tl~~ 1~m1':ilt L tl'U~~1~i:i!'l1 L v,1nu 

o L~EJ':iltFi1tJ1ru':i11 fl'ViflL'lf"1 fltJl'l1i'l.:J~L m'!l Lfl'11ii 'Vl1 ni1R1m11J L '!J1J'UtJEJn11 L 'Vli'!l Lfl"11'i ':ilt 1 ~1'11 

LV11nu 1 V11ni1R1m11JL'!l1Jmnn11L'Vli"!!Lfl"1lii ':ilt 1 ~l'l1LV11nu o 'Vl"'-:J':il1n~1'UmttJ1'Ufl1iLL\J"1.:i 

fl1V'I LL~'J':il tvi11 ~'111J1 ifl LLEJ flfl1V'I fl\J~'U'Vl'1-:J'el'el n '11 n fl'U L~'el v1.:i-B' ~ L ':il'U ~.:i '111J1 ifl L ~ EJ'U L 'U'U'11J fl1i 

1~~.:id 

{ 

1, if f(x, y) > T 

g(x,y) = 

0, if f(x, y) ~T 

.,I ( ) f1 " 0 
' .J Ll.J'el f X, y Lu'U'1J'el~"1fl1V'I ru \Jl1LL'Vl'U-:J'Vl X, y 

T L'U'Ul'l1L'Vli"!!Lfl"11'i 

T 
.I ... 1 

fl1V'l'Vl 18 fl'1 'VlLLflil..1'1J'el-:Jfl1V'I 

(10) 



3.2 m-avh L 'Vl"a'tl 1u~ '1LL uu\Ji'u,m.Jf11113.J L 'V3.JLil'W1::i'11'U1JeH111-w 

(LocaVAdaptive Thresholding) f1elf11i'Vl1Fl1 b 'Vl'S'll Lm'lvlbb uuu-r'Ul'l1~1:U'Vtll.J"1Vlel.:!~'U 

19 

L 'Vl:1.11 tJ1V1-ruml'l~i1m1:ua11.:i hl atl1 LG'l:U e:i~i1 rn-s 1 il'l 1 b 'Vli'll Lfl"1vimn Vl'l1 L ~ e:i.:i '11 n Lb\Jl"1 t'11°LJ 

,e:i.:iml'l'1t 1-ff F11 b vi -S'll Lfl"1 ~1lJ L vh n'U 1~ V'Vl1 Fl 1 b 'Vli'll Lfl"1 v1'11 n rn-sV11F11 LO~ v, e:i.:ivi nvl n L "ll"1 

mv11XV1i!11J11.:i~i1,m~ N*N 1~v'V11hJ'1'Umuvinvlrn"ll"1 
' 

3.3 n1"aLU~'-l'lJLLU~.:Jan'~N::iu~1.:i\-,~e) 1fl"a.:!~1.:J1Je).:!ll1'W (Morphology 

Image Processing) b'U'Uf11i'U,r'U'U1.:!f11'SLb U.:!'11'Ufl1l'I 1 'l-1~t'U b ~el.:!'11f1f11'SLLtl.:ici1'Ufl1V'l~1vrn-s 

vi1 L 'Vli'll Lfl"1vlel1'1i1ci1'U"!Jt1.:i1~~m:u"l. 'll~.:i~IXe:i.:irn-s 'Vl~el"'filriJ1ru-su mtJ ~\Jvi-s.:i~-s1ub~ vu L~°LJ"llel'U 

~u1.:iV1~'VltJ1bntJ 1 \J mttJ1'Uf11-S~uv:utl1:u1 Hiiae:i.:ii5f1el rn-s,v1vmV'l (Dilation) bb"1tf11i"1~ 

fl1V'l (Erosion) 

a~-srn-svh Dilation 
'IJ 

Affi B = { Zl(B)2 nA .t¢} (11) 

B Mirror B 

Reflection B fl1l'l~°LJO'\J'U (A) 

fl1l'I~ 19 ~1e:i~1.:irn-svi1 Dilation 
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(2) m::u1'UnT"rnfl111~ (Erosion) ~ei nTHlvtL'1!1~1~1\Jl~ij'll'U1VILLfllm.:i LU'U 

nT~n1~vi'Vi n L'1!'1'll'U1VI L~ n~ L tl'U~'U'Vl"'.:i'lm.:imvi LL'1~ L ~eJ'1vt'U'U1vt'UeJ.:J1\Jl~'Vl~eJ L'1'U'UeJ'Umvi 1 ~L~ n 
V ' 

'1.:i 1V1t11im.m1i~.:iil 

~\Jlin1i'Vl1 Erosion 

A 8 B = { Zl(B)
2 

C A } 

B 

fl1Vl\,l'UQ'U'U(A) 
d ct.I I O • 

mwv1 20 meim.:imwn Erosion 

mvi~ 21 1111mh.:im1'!Jt11t1mY11vit1m1 L ~l.l'U'U1Vl'UeJ.:J L'1'U1111eYm~11 ~'Vl'U1:.nnt'U 

(DSPStackExchange, 2011) 

(12) 



... "' d d II 
~1'lJ1':iltl'VlbmJ1'lJel.:I 

1Pli;6 ~V1'51.f1'H\JVitl"oJ (2553) ~fl"c11fl1'~bbtlfl\Jl1eJfl"cli6ii:I.J~,'11'UU'UVl'U.:J~el 1 U"1'U~1tJ 

m::m'Um1tl1:::1.J1"~mmY'l t1-ruth.:iF1rumw1rn.:imY'l~1tJ1fim1t1-rut11.:im1:1.Jb'U~tJui1.:i 
' ' ' 

( Contrast Improvement) ~1tJfl1i\JllilA1'U"1ti~.:iv1't~m::viuieli1ti":: b~tllil'11RqJv1.:i 1 ti -..i1m!'U 

bbtlfl\Jl1eJfl"cliele)fl'oJ1fl~'UVl~.:i LliltJfl11bmtiubvitiubV1Fl'UFl 4 1ti ~mVlFl'UFlbVli"ilLfl"~ m1V11 

"tJe)Ufl1Y'l~1tl1fibbFl'U'U fl1i~lil\Pl1:I.J"tle)U1\J1t:l bb"t fl1iV11b Vli"il Lfl"~ bb UUbQY'l1::~ LliltJVl\il"e).:JflU 
' 

fl1Y'l~1tJLU"1'U"i11'U1'U 10 fl1Y'l nm1bbD.:Jfl1Y'lelelflb'U'U~1'WEieltJ "l "tl'U1\il 100x100 vlm'lm byjel 
o I .J .J I I/ A<Cli q 4 I/ 

Fl1'U1 ru Fl 1Vl b Vl:I.J1 tG'l:1.J bQY'l1 tVl e,m fl 1iVl lil"el.:JY'lU11 fl1i'Vl1"tl elU fl 1Y'llil1 tl1'5 bbFl'U'U t:l.:J bb:I.J 'oJ ::" Ii\ 

iqiqi 1ru1um'U 1~tl'elti fl111fi"tlel.:J L'l!b u" Lb\J1 '1. ~mmi'U\Jl1eJfl"cl1~G't:1.J\jit:1Jfl11 ?i1'U1tim1~lil1J11:1.J 

"tlelU1~m 1~G't1:I.J1it:l 1 m 'Ufl1i bbtlfl\Jl1eJfl"cli'oJ1fl~'UVl"".:J 1~ fl1iV11 b Vli"ilLfl"~ Lb UULQY'l1tvfl ~em~fl11 
' 

fl1iV11bVli"ilLfl"iibbUU~.:imY'l V11flzj:1.Jvlflb'll"~b~el:1.JLti.:iim~el.:Jt1'U (connected component) 
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r\'1mruV111-1ruG"t:1.Ju~i1.:i "l "tlel.:J1\J1~byjmLtirn=nmi'U\Jl1eJfl"clielelfl"oJ1fliqiqi1ru1um'U b-ii'U ilil~1'U 

Fl11:I.Jtl11 (eccentricity) '11A1-rl'b'U1Lfli 1 bbG'tlil.:J11b'U'Ubi'U bb'°'t ~'U~ (area) Lm'Ufl1i'°'U11)lt:l~ij , 
1 I I ,di Q I Jf d" .., ,. 0 111J/ d Q,I V ,=,I I A II CV do::a1 

"tl'U1\il Vlqjfl11Vlie)b"flfl11Y'l'UVlmelfl"cli bliltlfl1Vl'Ulil VIY'l'UVlmelfl"cli:I.Jfl1 5 V'lflb'l!" t:l111)l~Vl:I.J"tl'U1\il 

L'Vlqj 340 vlrn'll" LL"t 11J1~~ij"tl'U11ilb~flfl11 5 vlrn'l!"-..i::vl-..i11ru1Ltl'Uiqiqi1ru1um'ULL"::~fl"u 

e:Jelfl -..i1m!'U1"HLVlfl'Ufl 1 'Uib-..Jfl-ii'U 1 tl1v-hti"1 'ULb'U1'Ue:J'Ub~mLtiflUii'Vllil bL"t 1 tl1L"oJFl-!i'UL tl1v-hti'U1 'U 

bb'U1~.:ibvlmmfl\Jl1eJfl"cl1 1-111-111:1.Jt:1fl1J1el.:J"tlel-:J\Jl1eJfl"cl1~bLtJfl 1~t:1fl1J1el.:JbV11nu 67.41 % 
\I \I 

e)'oJQ~'UVli miel:I.JbbG'ti (2555) Pifl"cl1fl1iG'tf11ilflt1J""fl"clt1J::fl1Y'lLyje)fl11{'11\Jl1b;tJ'Ue)fl"cli 
, \I 

'5ii:I.Ji1'U'U1 nm1L 'U~tJUL vitiu fl1iG't°"'lilflt1J°"'fl"clt)Jt~1tJ1fli1.:J "l L~:I.J\J1'U~1tl fl1iti1fl1Y'l 1:I.J LFlivl~:I.J 

R:l.ltH1 um'Ub oif 1?i1::uu LliltJ\Jllil Lwm U'U 1 um'U b~ti1 m1vi'lilbbtlfl 1 "Hb vi1-1il1-1m1v\'11 tl1b "oJFl-U'U 1tl11 vM 
" 

1'ULL'U1'Ue:J'U LLi1Vl1A1G't.:JG'tlili:1.JiV15 (Local Maxima) LLi1LL'U".:JI11Y'lLU'UG'tel.:Jit~u eJIJ1i1f111:I.Jt:lfl 
\I ' \I 

\J1el.:i1 'Ufl1i\JllilbLtJfl 1 um'UL~ti1bV11nu 7 4.81 % -..i1fli!'U 1iLvi1-1u1-1m1n1~liliqiqi1ru1um'ULbUU 

Y'l"11)1 (Dynamic Programming) Lyje:J\Jllil"tlelUL.:J1"tlel.:JmY'l t1-rum1:1.JL~tJ.:JLliltJ1fifl11tl-ru1~L~tiu 

~1tJfl1i'UUf111:1.JtJ11bLUULLmimLm \JllilbbtlflUii'Vllil 1Lfli1tvi'flru~fl"clruti1.:i -i 1~LLfl L:I.Jb:1.J'U\11 

~P1V11.:J fl1i LL tl".:ivl~ Ltii bb":: fl1iLb tl".:invl L~IJ11 "HL Vlfl'Ufl Lfl-b iltii b iG't b 'UL Uelib 'U'U\Jl1'11LL 'Ufl 
\I 

LLUUVllilG'te:JULLUU"U1:1.J"!l\11 10 "lll111~i:,i"~~~'11il'oJ1flfl1iL"tlfl1ibb'U"ilb1'V-lb~l)lbbUU 2 SJ~ bbmi 1 SJ~ , , , 
I Q.I QJ c:,,, JI ,d I/ CV 11/Q,I ll 1,1 Q.I 1" 

i1:1.JflUflt1J"fl"clitb"il.:JY'l'UVl "lf\il"tJe:J:I.J"'1tlilUU'U lilel\J1i1f111:I.Jt:lfl\flel.:J 93.22% '1f\11"tJel:1.J"i::lilUfl"1.:J Ii\ 
'I , \I " , " 

eJ\J1i1f111:I.Jrlfl\J1elil 95.48% bb'°'t "illil'Uel:I.J'°'i::~U~1.:J 1~eJ\J1i1f111:1.Jt:lfl\J1el.:i 97. 77% 'Uellij1f11il"tlelil " , " " A Q.I ,%,di Ct.I -=::ii Q.I II' d O Q.I odil CV Q.I d dd QJ 

.:J1'U1'oJ tl'U fl el \J11 L "ti tl'U el fl"cli'5ii:I.J" 1'U'U1Vl'U1:I.J 1Vl lilG'telU fllil L"el fl:I.J1 bQY'l 1t mel fl"cli Llil tl1Vl:I.J" fl"clt)Jt 

1-1 el'U'U 1.:JG't:I.J\j i cl Vl1 fl 1 "ij.f)1y.j~ij \Jl1 L ,i tl'U ~Ii\ f1'U:I.J 1 fl'oJ:: bn lil'U el ~li\Y'l"1\il A el'U'U1.:J:I.J1 fl ~ fl~.:il-1 ru ~ fl"clru:: 

~1.:J "l ~\J1:I.J11 "tliJ.:Jijlij1'U1'U:I.J1flG't1:I.J1it:lb ~:I.J L~:I.J L yjel L ~:I.JeJ\?li1f111:I.J~fl \Jle).:J 1~ 

Surinta, 0. & Chamchong, R. (2008) iinJ'U1L'Uibbfli:I.Jb~elRlilbbtlfl\Jl1eJfl"cli'oJ1flfl1Y'lrl1ti 

19:1.Jfifl U"1'U L\11tJfl1iLb'U".:J.f)1'ViITT 'U 1 Vl:I.Jlil RGB 1 ~b'U'Ufl1Y'l 1 'U 1 Vl:I.Jlil~LV11 "lil'1qjq/1t1JiUfl1'U~1tJ1fi 

Lfl1b~tJ'U ~m1J1eli (Gaussian Filtering) "um~~'UVl~.:J~1tl16ele:JV1~ (Otsu's) Llilti1"tlA1L'Vli"!lLfl"~ 

vi1~-..i1 fl fl1i'Vl1ijG't 1 Vlbbfli:I.J'oJ1fli!'UV11fl1i Lbtl flUii'Vl lil'Uelf111:I.J LliltJfl1iV111 'Ui L "oJfl 1 vi~ij"' 1 Vl LLfli:I.J 

LL 'U1'Uel'U Lrlel 1~1Jl1e)fl"cli Lbi"tUii'Vllil LLi1tJ1:I.J1'oJ1fl L 'U'Ue)fl"tli:: Lbi"::\Jl1 Llilti1 "HA1L Vli"!l Lfl"~ L yjel'Vl1 
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"lie.J.:i11-r~:a-'111.:i1J11eJn'lj1 Lde:i 1~i1LL V1il.:i"lie:i.:i11.:i LL~1~.:i'11ln1ri LLcJn\,\1eJn'lJ1:; LL\Jl'1:;\,\11~ 1~uv11n11 

'Vl~'1e:i.:in'UmY1cl1ui1trn.J 227 m'V-1 '11m1ri'1'\.J.fl1Y-1,'UV16".:i1~e:i~1.:imJ\j1cl 138 mYt R~Ltl'U 

61 % hl'11lJ11r1'1'\.Jfl1'V'l,'UV16".:i1~'1lJ'U1ru i1'U1'U 89 fl1'V'I R~Ltl'U 39% ~-mrn1LLUn'U11i~rin~e:i-:i 
~ ~ 

4 'U11i~ R~Ltl'U 78% LLUn'\.J11i~rirnie:i-:i s 'U11i~ R~Ltl'U 87% lil1LO~u 82.5% ~rnn11'Vl~'1e:i.:i 
~ 

m~'11lJ11rl'W11 ,Jl 'tl\Jle) 1'Un1t'\.J1'Ufl1)~1ij1\,\1e)n'lj11~ 
~ 

Chamchong, R. & Chun Che F. (2012) v'i1rn1LLUn'\.J11'Vl~\,\1eJn'lj1~1nm'V'lrl1u1'1.Jm'U 

~1cJL'Vlfl'UFl 1thL~fl°ll'ULL'U'Utl-S'UL~L'U'U'U1.:1"11'U (Adaptive Partial Projection: APP) Lb'1tb'V1Fl'UFl 

L'UWJFl°ll'Ubb 'U'\.JLLm'll 1~L U'U'U1-!l"11'U (Modified Partial Projection: MPP) fl11'V1~'1e)-:J'V'l'U'J1b'V1Fl'UF\ 

APP 1'\X~.m6"Y16~~n11 MPP lil1fl11lJ~rnne:i-:iwhn'U 67.05%-u eJlij1fl~fie:imru~'11:;e:i~"ln~n'U 

'\.J))'V]~ f1eJ'UVl'U1lJ1 n n11'1.J11'Vl ~ \Jl1 L e),!j Vl~e) m ril~iim cJ Li'U'll e),:j'\.J))'V] ~ n eJ'UVl'U1~1 ~lJ1 L~'U'\.J ))'VJ~ 

\,\1beJ.:l~t~nbbcJn~~ 

Rajeev M., Prasad N,V.G. & Venkata Rao N. (2013) 'U1L'1'UeJL'V1Fl'UFlfl11'UfoiJ1.:i 

LeJn'1111 'Um'U 1~cJ1fifl11V11'UeJ{l1'11m'll°ll'U (Normalization) ~1lJfl'\.Jfl11v'i11'U'U111 L'll°ll'U 

(Binarization) .ff'U~tl'ULL1m'U'Ufl11'1'\.J.fl1Y-1,'UV16"-:i~1m'VlF1'UFl'Vi6llh~ ~L-wui (Piece-wise Linear) 

LL'1:; bb'U'U1lJLU'U~b'UcJ{ (Non Linear) bbtl'1.:!fl1'V'la~'UO'U'U1~LU'Ufl1'V'l'll11~1~1cJ1fifl11Vl1b'V11'!1 

1~"i;i ~1m!'U'1'\.J,'UV16"-:iLL'1tv'i11 ~1J11eJn'lj1L~'U°ll~('U ~.mn11'Vl~'1e.J.:J LL'1~-:i 1 ~ L ~'U11a1lJ11riv'i11 ~ 
., 

~ ~ - I V ~ 
~1e.Jn'lj1lJF111lJL~'U'!l~lJ1n'll'U 

S. Phattarachairawee & M. Ketcham (2017) 'U1L'1'UeJL'Vlfl'Uflfl11'U-r'Uu1.:iF1rumY-11~u 
' ' 

b 'Vlfl'Ufl~~F\11lJ b "UlJa'lJtl-!lfl1'V'lrl1u b~lJ~1 nn11 LL 'U'1-!lfl1Y-1ci1u~1 n.flTV'la RGB L U'U.fl1'V-I 1 VllJ~aL 'V11 

b'VlFl'UFl 1 'Ufl11tl-r'U'U1-!lfl1'V'lci1uvl'l -ffii-X.:i'VllJ~ 4 b'VlFl'UFl Fi0 fl11'U'S'U!il1Fl'"J1lJ~lJ\,\1'lJ0-!la fl11V~ 
' 

fl11lJ b "UlJa fl11 Lb 'U'1-!lfl11lJb 'UlJ L VllJ~a b 'V11 bb'1t b 'V1Fl'Uflfl'1 L 'Vlbbn1lJBfl1'11m61l°ll'U 1 'Ufl11LLcJn.fl1'V'l''U 

V16".:!bb'1t(;l'Je)n'lj11~u'Vl~'1e)-!lfl'Ufl1'V'1ci1t1 JPG fl11lJ'1tb~cJ~~ 300 ~~\Jl0-Q1 'll'U1~ 4*2 -d'1 
' 

lij1'U1'U 30 fl1'V'I ~mrn1'Vl~'10-:i1~m'V'l(;l1eJn'lj1~-B'~L~'UlJ1n('U a1lJ11r1'1~6"qiqi1ru1'\.Jm'U'lltJ-:Jm'V'I 

L~.:11'U1iuilii-u0i1 fl~ 1 'Ufl11 Lb 'U'1-!lfl1'V-I~ ~1'Ufl11'U'S'\.J'U1-!lbL~11 'U 1 VllJ~a b 'V11n~'U 1 ,Jl 'U 1 VllJ~.fl1'V'la 
' 

RGB 

~1 n fl11 Pi n'lj1-:J1'U1~ cJ~ LM u1-ue:i-:J'V'l'U11 -rr'IJ \j] m.m1-stlf utl -s..:ii'1 rum'V'lmYI cl1 v iir111lJ ?h~ n 1 ' . ·~ 
bb'1:; L tl'IJ.ff 'IJl,le)'W~ii Fl11lJ lij1 L U'U~e)-:JV11 f1'e)'U b ~0'1 ~a qi qi1ru11'\.J n'J'U'lJ 0.:lfl1V'I bb'1t 1~fl1V'I\Jl1 e) n'lj-1~ 

i ~ L ~'Ul.11 n~'U .:i1'U1i ud~.:ilJ-:i L 'U'U'Vl ~'10-:im.ff 'U~ 0'U1fil. 'U rn1u-r'\.Ju1-:i Fl rumYtm'V'I cl 1 u~ii 
' ' ' 

'U)t ~'Vlfifl1'V'I b ~'e) b ~lJt:-J'1 Fl11lJ ~1L~~1'Ufl11tl1tl.11'1 t:-l'1.fl1'V'l.ff 'U '1-!l bbm:: mt'\.J1'U fl1)~lij1 (;l'Je) n'lj-1 
~ ~ 

(,l'e) 1 tl 



o CV 4 

ffl'l-HllHHflj~ lJl11Tl1tJ7'tltJ\j1W1 
,;;,/ ,!! '"' ~.HL1't.H]'6ll 0.!110.:1 'il.G!f'11Jj 20131 

..,j 
'U'Vl'VI 3 

...... 0 ... ... Q,/ 

15fl1 L 'U'Ufl1'j1'i\lV 

-:i 1'U1 ':ij clil L U'U rn 11 ':ij cl L :n-:i'Vl i;rn el-:! rn11 off L 'V1 fl'U fl fl 11\J 1 ::in"'~"' m'V'l L ~ el rn1 el'U ,r fl~fl rum'V'l 

m'V'lci1cl~11.nfltJm'U i]~1~tJ.ff'Ul,m'U~1Lil'Um11':ijcl LLG'!t1::cl::nmvt1rn11':ijcl~-:id 
' ' 

~ u -=:ii1 ci.Q.I d d .., t'I .d " ci~ • 

1. l'lfl'1!11VIG'lflf11i '1'1(1'1!1!) LLG'lt-:11'U11ilcl'V1Lflcl1"!Jel-:I 'Vl-:1 b 'UL iel-:lfl1lm b tJ6'11'U LLG'ltL 'Vlfl'Uflfl11 

\J1t1l16'1~6'1.f11'V'lci1cl 

2. LfltJ11111111i el1l6'1 LLG'I ::1 Lm1 :;i,;m'V'lci1 clf'i'11.n fl tJ"'1'U ~1~-rtJ m111 el'U Lm1::i,;lil 1 fl 
'U ' 

3. 'Vl\;JG'lel-:1 L 'Vlfl'Uflfl11\J1::1J16'1~6'1.f11V'l 

4. L \J~cl'lJ L 'VlcltJ\J1::~'V16.f11V'l~G'lfl11'Vli;JG'leJ-:i LLG'lt\fl11WleltJf1111l~fl~el-:I ntJ~ L ;jcl1'!J1fl 1~1'U 
'U 'U -~ 

~11.nfl tJ6'11'U LLG'ltfl11\J1t1J16'1~6'1.f11'V'l 

s. "11U~6'11':ijcl 

6. ii;ivt111cl-:i1'Uuuu"111\J1ru 

7. '\.J1L"1'Uel~G'l-:11'U1icl 

11clfl11fililfl111J 

Pifl'1!11Vl~flfl1i '1'1']'1!/fl 
.. ., cl cl II 

LLG'I :l-:11'U11il cl'Vl Lfl cl1"!Jel -:I 

" ., 
LfltJ11\J111J"!Jel1JG'I 

'U .. ~ I 

LLG'l:11Lfl11::Vlm'V'lm cl 

'V1 \;1'1 €l-:I L 'Vlfl'U fl f111\J1::1l'.l'1 ~'1.fl1V'l 

L ,J~ cltJ L vi cl tJU 1::~'V16 .fl 1 'V'l ~"' fl 11 
II 

'Vll'IG'lel-:1 LL1;'1tm11il'G'leltJFl111l~fl\flel-:I 
., ., cl 
fltJ~L'ilcJ1'il1qJ 

"11\J~G'!iicl 
V o ~Q.I Ct/ ' 

li)i;)'Vl1i1cl-:11'U11ilclQtJtJ"11l\jiUJ 

~Vh.J~ I L~cJLL'V'l~~'1-:11'lJ1':ijcl 

Oq1.o9'5'~ :> 

~ 4i<3 n 

.. .J 
L\;lel'U'Vl 

1 2 3 4 5 6 7 

I-+ 

---
~ 

378710 

8 9 10 11 12 

. ,. 

~ 

~ 

. ,. 
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1u-rr'U!Jlel'I.Jn11'Vli;l"1el.:JL'V1Fl'UFln1'l'U1:::l.11"1~"1fl1YHb'U.:!L'U'U-rr'U\,\el'UVl""n 3 .fft.1\Jlel'U~el .ffu~ 1 

it.11Jlel'Um1'\J1:::l.11"1~"1fl1'V'ILdeJ.:i1J1'U .ffu~ 2 m1LLEJn11herm~1elelffil1n'~,'UVl"".:J LL"1:::.ff'U~ 3 m1Lvll.l 

Fl11l.l"ili;lL':il'U"lleJ.:i~1eYn~1 ~.:i LL'1\1l.:J1 'Ufl1'V'I 

' ,, 

Ln1.Jl"l1.JmJ111Yill1!JRi.Jiiflrnmi 

7~a,i°fiml1~flmm~fl~~ 

1'11ci1~1S~nfl1.Jfl1U~1~1 

!111'l'll'l'lll.JCJfli\'Yifl~!.JijL~m'D1qj 

m'V'lvi 22 -U'U1J1emm:::u1tJm1Y1i;imM 
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'tiv\ji'lm 'UL 'Un1':i1~tl 

Lim'V'l'11cJ~lJ.nfl\J"11'U~1fl1\j)'VleJ.:J~1 v11\J"1fl"1el.:J'U111cJ'1J el1Lflmijei,:i ~.:J'Vf1\j)~'U'Vl~~ 

vTl~{\J m1eJ'4 Lm1t °f1~ 1 fl'1TU fl'VleJ'1~ \j) l.l'Vl11'Vl cJ1"' cJ\j1'V'l1 1\j) cJ&11'U fl'VleJ'1~ \j) 1~ cl1 cJ~ 1 fl fliei.:i~~vi' n 

L'U'Ufl1'V'l'11cJ\11lJ'1fl"1 JPG 'lJ\11\j) 1280 x 960 'ViflL'll"1 '11'U1'U 50 1tl L~el.:J~1flL'U'U~lJ.fifl\J"11'U ' ~ 

1 \J11ru ~.:iiim1m~cJV11cJ\fl1l.lfl1"1L 1m vh 1-X~LL"1tfl111l'111.:J'lleJ.:Jfl1'V'I 1~mi1L'1l.leJ ii1tcJt'l-h.:i1 'U 

fl 11cl1 cJfl1'V'I LL\fl fl ~1.:J fl'U LLn tlJ'1 f1! f1!1 ru1\J fl1'U'11'U1'UlJ1 fl 



~ ~u~vun1,tj,~~1~~~n1~ 
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flT~U'Stl..116'1 e-Jrlil1'Vi ii.ff 'U \,l e)'U fl1'Sl'11·:n'U bb tl-:ie:ie:i m 'U'U 6 .ff 'U \,le)'U 1111 mb!Jirt ~-rr'U \,l e:J'Uii b Vl fl,'.j fl 
...... ..i ., '.:'1 ,., ., ,.J .. .J ., .:: 
15fl1'SV111lrle:J\J b Viel~ VI ~11le-Jrlrl'Vii5Vl111Vl?l\1111l\J'U 

' 

1. n1·n,iiai.1n1~f\'3.1i,fl ur11'U 

2. fl1'aLilelfl L'V13J,iilvlL'V13J1::fl3J 

2.1 L'\1111~~ RGB 

2.2 L '\1111~~ HSI 

3. n1-au~uF1113Jfl3Ji,i~e1~n1~ 

3.1 ij?ILVlbLfl'SlJBf11e:J1m'll-U'U (Histogram Equalization: HE) 

3 .2 fl7'SU -ru Fl 7 fl1711 bb\,l n !Ji 7-:J 1111v1-ii'Fl7ij'11 Vl bb n 'S11 a fl1 e) 1ri b'l!-U'U bb uuu-ru1~ 

(Contrast Limited Adaptive Histogram Equalization: CLAHE) 

3.3fl1-Sbb \Jri-:i-ue:i~ri 1~rn1 "ilA7fl17lJb -UlJL Vl7 (Gray-Level Transformation) 

3.4 fl1'S~vlfl17lJfllJ-Uvl (Contrast Stretching) 

4. n1":it=i,iiltyty1tu":i\Jn1'U 

4.1 m-st-ii'~1me:i-:ibbUUA7LU~V (Averaging Filter) 

4.2 m-s1-ii'~1me:i-:iLLUUA7ii'5V\i7'U (Median Filter) ... 
., ., .r ., 

5. ~an~1e1n~":i~1n~'U'Vlil~ 

5.1 fl1'Sl'17LVl'S"llLflrl~LbUUF11L~V1~-!lil1'Vi (Global Thresholding) 

5.2 fl1'Sl'17b Vl'S"ll Lflrl~ bb uuu-rU\,l7lJfl17lJ b "UlJbQ'Vi1~~"()e)-!lfl1'V'I (Loca VAdaptive 

Thresholding) 

6. L~3Jfl113Ji,iL~'ULi\Ji'1e1n~":i 

6.1 fl1'Sb~lJ"ll'U711li1eYni.;-s (Dilation) 

6.2 fl1'SrlU1\,l'1ffilJL'tl\911eJfl'l;'S (Erosion) 
' 
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~ .,j .. I _, .. !"} 
~'Ufltl'U'VI 1 n1'H'1 ~V3.Jfl1'VU11V IUJ/1 'h \J~1'U 

,nn1'V'l~m~~~~~~'UQ1J'\J"ll'U1vl 1280x960 ~m61m L\U.Jvl~bbvl-:J b:UEJ1 tl1b1'U iinTmu-:i 

.fl1~tltlnb'U'U'1tl-:Ji:b'U~ii"ll'U1vlb'Vl1tl'U "ll'U1vl 640x480 ~m'if~ m·mu-:im~tltlnb'U'U~1'U 'l ilbV!1J1t 

'11'!,1f'\Jm~~fl1~1-:J -i 1 'Ubb~~t~1'U"lltl-:J.fl1~bb1Jlfl~1-:Jtl'U i1'1m~bb'1-:J1~'1l11b'11Jtl~-:J~-:im~ m1LL ,J,:i 
1 •'IV I I c,I .,I J ,S iJd 1" V 1 al c,1,S 

'11'U.fl1~'Vl1 ~'!,1bb1Jl~t'11'U1J'1f11~bb'1-:i'Y1'11J1b'11Jtl"ll'U L 'U~~ '\,1fl111J'1f11Jltl-:J 'Uf111 u1t1J1~~~vl"ll'U 
'U 

bb"1tm1 bb u-:im~ b 'U'U~1mltJ m 'U'U m1~v1"ll'U1vl"lltJ-:J"LJtJ1l"1~-:ivi11 ~m1'\J1t111~~~vh 1~ b ~1111n ~-:i~'U 
'U 

.J II I.I Q 

m~'Vl 24 m~l1l'UO'\J'\J"ll'U1vl 1280x960 ~m'if"1 

cal ~ II I I I d ,Q, 

m~'Vl 25 m~'Vl bvl'11nm1LL'\J-:i'11'\J.fl1Vi '11'U'Yl 1 "ll'U1vl 640x480 ~m'if"1 



~ ..i ... ,. :=I 
'tl'Uflel'U\11 2 nT~Li'leln L'Vl11flti 

L U~EJUL 'VlEJ'U L Vl:Ulll~m ~fn7:Ufl:U'Olll'llel-!l.fl1Yf~~Vl17-!I L Vl:Ulil~LLlil-!I L:fiEJ, tl1L1'U (RGB) Lm~ 

1 Vl:UlilU'rnLfl'Vl'(Jel-:J~m1:u~:u~1'1JeJ-!I~ LL'1~ fn7:UL'!J:U'llel-!I~ (HSI) 

2.1 L'Vl1Jfli!u,i.:i L;iv1 111L~'U (Red Green Blue: RGB) 

(fl) 

('ll) 

28 



2.2 tV1iJ~~fi1th~1J1'Vl"Uu.:l~fl1111~11i1"Uu.:I~ LL~~ fl1111L'U1l"Uu.:I~ (Hue 

Saturation Intensity: HSI) 

(n) 

('!J) 

(ri) 

29 

'11 nm·rv11n'1B-:JY'ltJ11mY11 'U hn.11n~m1l.l L 'Ul.J'!J'el-:J~ (Intensity) 1J11eJmr~iim1l.l-&'1n L 'iil'U LL'1t 

~'U'Vl"'-:iilm1l.J'111-:Jl.J1n=i1'U '11l.J1'Hl'U1l.J11 'UL 'U.ff 'U~B'Ul>iB 1 tJ 
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~ ..i .1., ., 
111.JVlel\JVl 3 n1'au'a\Jfl1111fl111ffl'tlel-:lil1'W 

L ~t1-1:v1nm'V'l~1 tivfl~111ijm11J'1'U L~m.mm: 1lJRlJ"n~"1-1mn 1 t1m1V1~'1t1-1d~-11~'Vl1.ff t11J1m.J 
'U 

n11tJ{u Fl11lJ Rl.Ji ~'!J eJ -!l.fl1 'V'I f1 tl'U~:V ::m ~ '1 qJ qJ 1 ru 1'U ff'J'U L ~ti 11! L ~ n11'1 ~'1 qJ qj1 N1'U ff'J'U'1 ~'Vl tl'U 

"" c1 • ., 1u 11tl'1~ Ltltl~'Vl"11Rqj'!Jtl-!l.fl1'V'ltltl n 

n11tJ{'UF111lJRlli~'!JeJ-!l.fl1'V'I L Ut1.ff t1\JleJ'U 1 t1m1L 1J'U1\Jl'1~'1'U 1 :V~ m~1V1~'1tl-!1~1 tln11U{'U 
' 

Fl11lJL'lllJ'!JeJ-!ILL'1-!I L~ti1 'U.fl1'V'l1 'U 1 VllJ~~Fl11lJL'lllJ~LU'Ufl1'V'li-!l~'U 1~m mtirnvitiu 3 L'V1Ri1Ri6 Rt! 

1. ij'1LVlLLmlJBmt11'1L'll-B't1 (Histogram Equalization: HE) 

2. m1tJ~uFi1m11.1LL1J1n~1-!I 1~ti 1-ufi1ijG11 'VlLLmlJBFneJ 1'1L'llit1LL'U'Utl~u 1~ 

(Contrast Limited Adaptive Histogram Equalization: CLAHE) 

3. n11LLtl'1-!!'lltll.j'1 L~t11-u'Fi1m1lJL'lllJL'Vl1 (Gray-Level Transformation) 

1600 

1400 

1000 

800 

400 

200 
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1. UflLVIUff'a1JBfll1el1~L~'U'U (Histogram Equalization: HE) LtJ'Un1'm'l't'11tlfl1111L"ll11 

'11nm1vm'1 L YlLLn'l'11'1t L ~'U11ijfl1'l'n'l't'11tl L~'Ufl1111~ LL U't1'1J1 L'1110n11i11Y'li-:i~'U 

mt'11t1m1mt~n~1,m-:im1~~·1b-:i 0.5-0. 71~mt'11t1i-:iLL~ o - 1 i11Y'1'11'U~ijfl1111L-u11'1tij 

~1'U1'U~ n L l/5"1~111 n:ff 'U mY'l ~"1"'Y'lfiv11(;1~ tJ'11'U ~1erm!t1ijfl11111-111i~111 n:fi'ULL~ ihi11 ~'11'U'lJ0-:i:'U 

'Vl"'-:ivl1~~0-:in111-111i~111 n:ff 'U(;11 t1 :'U'Vl"'-:iilfl11111~'1J1 L'111tJ'lJtJ-:i LL'1-:i L ~11111n:ff 'U ilJ-:i'1tVi11 ~mn 1 'U 
I.,., .,J'., .3., 

fl1 'l' LLtl fl'11'U\Jl1 cl fl~'l' fl'UY'l'U'Vf '1,:j1J1 fl'lJ'U~1 ti 
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2. n1'atli'rnhfl113.Jbb'1n~1.:i LflVLiri1nflL'Vlbbff'a3.J~fl1el1~b'il'ti'ULL'U'Utli'u1'1 (Contrast 

Limited Adaptive Histogram Equalization: CLAHE) L'U'UflT'HO~cJm1m-v~'Ve:J-m"1-m~"1::: 

~mt"11 ~L'Vl1fl'U 

fl1Yl~ 31 ~"1f111i.Jfum1~f1~'tlvlLL'UUUfu~1m1~LL\,lf1~1.:J 1vrn1 'tl~1ij"11 VlLLm~~Fne) 1mt'tl'ULL'U'U 

\J~u1~ Lrn:::m1'V'lij"1LV1LLm~ 

'iii 1nm1'V'lij"11 'VI LLm~ m1~ L-V~'V e:i-:imYl ~-:i m::: 'iii n e:i ~u~ L 1 ru'll'N nm-:i LL~'ll1-:i'iil::: n11.:i ffl1 
' " 

'Ve:J.:Jfl1YllJY-:J\Jl'U ~elelcJL'U'01.:J 0.5-0.8 'Vl11 ~fl1Yl~"16"Yl5ffi~ ~TeJf1'\!t1'tlvlL'iil'U('U LL~fl1Yl~'UV16"-:in 
" 

'ijvJL'iil'U~'UL'!!'UL~cJ1fl'U ~°l)e).:J~'UV16".:iilm1~1n~LficJ.:Jfl'U~°!Je).:J(;l'Je)f1'\!t1 
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3. n1'aLLUi'Hlfl113.IL'V3.1ll'lv1-vfli1fl113.1L,i'3JL'Vl1 (Gray-Level Transformation) LU'ULii'U 

f-111:I-IL "U:1-l"!JeN LL'1-:J LL~"~vi n L~m 1 ~:1-11 n f111 L~:1-1 L ~cl L ii'U1\11~~'1'U 1 ';;J LQ'Vl1~~~ 

Vl1'Vl~"e:i-:i 1~Vf11'Sf11'1-1'Ul'lr11LLtJtJf111-:J ~ ';;J1f1f1'S1~fl'1L 'VlLLf1'S:l-li-:i~'U 1 ~f1';j~';;J1Vrl'J1:I-IL-U:I-I 

-;;i1ni1-:i 0.2-0.8 "!JcJ1cJe:J~L'Ui1-:i 0-1 LL"~f11'1-1'U~A1LLf1:l-l:1-11 (gamma) LVl1fltJ 0.8 

1500 ,, 

1000 

500 '! . . 

0.1 ; 0'.2 0.4 0.8 1. 

""'i •• 1"" .,., 11.,, .,, 
-;;i1nm1~~'1 b 'VlLLm:1-1m1n-;;i~:1-1m-sm~-;;i1vmm1-:i:1-11n"!J'U b'U'lll-:J 0.5-0. 9 .rn'Vl~""'Vlfi 

\Jl1elf1'1!f'S-a'~L';;J'U:1-11f1~-:J~'U LL~n~,:iij~ffin~LficJ-:JfltJ~~'Ul-1'1-:J 

f11'S'Vl~"e:i-:itJ·for11i1-:ir111:1-1L-U:I-I~ LL"~ r11LLm.J:1-11 LLtJtJ"~L~cJ~L~e:Jm.rn'Vl~""''Vlfi~~~~~ 

1~ vvl-;;i1-s n.n m-stJ1'tJ-;;i 1 n m1~ fl'11 'Vl LLm:1-l"!J e:i-:im'Vl i-:i ~'ULL'1 ~ ~" '1Ylfiffi~ vl-:id 

1. i1-:i 0.2-0. 7 r11LLf1:l-l:1-11LVl1fltJ 0. 7 

2. i1-:i 0.2-0.9 r11LLf1:l-l:1-11LV11fltJ 0.9 

3. i1-:i 0.3-0.7 r11LLf1:l-l:1-11LV11fltJ 0.7 

4. i1-:i 0.3-0.9 r11LLf1:l-l:1-11bVl1fltJ 0.9 



(n) 

("tl) 

, ~. ,,.. 
IV Jl1t /({'I 

. 9,r,il~AII 
pl,,/( • 

• U U N M U M ~ N U o 

.,. .-
l/;11/1(/I/JW/, 

'I ·,1,ui/y;o/, 

·•,,f(,i,16,111: tl/11~!1/I) • ., ., ., •• .. •• " •• •• ' 

(Fl) 

mVl~ 33 L tJ~m.JL vivu~'1nT~tJ-ruF111lJF1lJ'U111 LL uunT~LLU'1~-VtllJ'11111v 1-ff R1fl11lJL-VlJL'Y11 ~-d-N 
" ., ~ I ..I I ., ., •• I'°' 'i 

1'111l.JL'Ul.J'1LL"1~1'11LLm.Jl.J1'Vll,l1.:ln'U 'YfS'Ell.Jfl'S1TI~"1 WlLLfl'Sl.J 

(fl) "1!1~ 0.2-0.7 R1LLfll.Jl.rnvhnu 0.7 

("tl) "l!'N 0.2-0.9 R1LLm..1mLV11nu 0.9 

(fl) -d1~ 0.3-0.7 R1LLm.Jl.l1LV11nu 0.7 

(~) -d1~ 0.3-0.9 R1LLniiii1LV11nu 0.9 

'iil1 n n1i'Yl\11'1tl~VlU11n1i 1 mumiLL U'1~-Vtll.l'11111 EJ 1 -UR1fl11l.l L -Ul.l L 'Y11 ( Gray-Level 
" 

Transformation) 1111vn1'Vl'U\11R1fl11l.JL'!ll.l~-d1~ 0.2-0.8 R1LLnl.ll.l1L'V11flU 0.81\1~'1~~~\11 

34 



4. n1'aVflfl111lfl1lifl (Contrast Stretching) L'U'Ufl7~"l.ltntl'VITIJEMi'l111lL'U1lITT'Vl'UL'Vl1 

1 ~ei~"l 'U·1b.:i~t11V1'U~ 

1600 

1400 

1200 

10CIO 

800 

600 

l40Cl 

.200 

0 

0 

35 



(n) 

... 

('ll) 

(fl) 

-
(-:i) 

fl1'V'l~ 35 L\J~m.JLvitJ'Ue.Jam11-ffL'Vlfl'UflnTaff'Ufl11l.Jfll.Ji~ 4 16 (n) ij?fL'VlLLml.lam€l1m"lliu 

( 'lJ) m~tlf'Ur11m1ii bb111r111h-:i 1~ tJ 1-vr11u"' 1 'Vl bbmii~m'€l 1a b"tf-U'Ubb 'U'Utlf'U 1~ 
(fl) m1LL\Ja-:im1iiL-ul.l 1~v1-ff1-11m1iiL-um'Vl1 (-:i) m1v~m1l.lfll.li~ 

36 

,nne.ia m1'Vl~a€l-:i'V'l'IJ1115ij?f 1 'Vl LLml.l~fl1€l 1m"lliu Lbmm11\Jr'U1-11m1l.l bbl,) n~1-:i 1~ti 1 -ff 1-11 

ij?j 1 'Vl LLml.Jafl1€l 1a L'lli'UbL 'IJ'IJ\Jr'U 1\11'4€) mn m1~vh 1 ~~le)ffl~'afll.Ji~~u V-:J°t'111 ~~lU~U'Vl"'-:J LLa~ 

'1qiqi1ru1'1.Jmui~(u~n\11,t1 ~1u16m1LL \Ja-:im1l.l L -Ul.l 1~ti 1 i1-11m1l.l L -Ul.l L 'Vl7 bLa~m1v~m1l.l 
I I II I 

fll.Ji~ i1e.iam~~1erm~1vii~L'iilU;u1u1~~'1.Jvi1niLRtJ-:JflU m1vrn?11'VlLLmiii1m1m~'iil1tJ~ll.J7n 

€l~1-:i?11l.l11'1 Lbt1n'iil1 n~u'Vl"'-:i 1~ '\117 nl.l€l-:J'iil7n e.ia"''V'lfib viti'IJ?1€l-:i15d 16m1v~m1l.lfll.li~'iil~ 1 ~e.ia~ 

l.l1nn-i1 LL~ L ~€J1,111'iil?1€l'Ufl17l.l'1n~eJ-:i ~-:ii.!1m'V'le.ia"''V'lfi'iil7nJ-:i~15ffi \J°t'i'1m1'Vl~aeJ-:i 1 u«rru1,1€lu ., 
~€) 1\J 
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~ ...a ., 
'tl'Uflv'U'Vl 4 nTrnfl~'l!'l!1W"a'Un".l'U 

'11 n-&'U (,1 eJ'U n11 L ~l.J m11J Fll.J'il (j}'!J v-:imi'i ~avtlv1'U eJ n '11 fl'1t L ~l.J 1'1111J Fll.J'il(jl'!J v-:i \Jl1B n,;1 

LLi1 ei-:i L ~l.J m11J F11J'il(jl'!JeJ -:i i qi qi1ru1u m'UB nv11 v -&w,1 v'Ud~ -:i L U'U m 1a(jli qiqi1ru1u m'U ~-:i n~11 

v11v1t fl1i"1(jliqiqi1ru1um'U~ilel~"l 'Ufl1i'iv11V n11meJ-:i'LJeJ\jafl1i'i L\j}EJ 1 iFi1 LU~V (Averaging 

Filter) LL"1tfl1lJfiVt1'U (Median Filter) ~-:in111i1J11mv-:iJ-:i?teJ-:iLL\J\JLvlmtl~vuLvivum11J .. 
LL(Jln\Ji1-:i'!Jv-:in11auiruru1ru1um'Ui11 tl~ffi 'Ufl1i'i LvJeJ 1 "1LV1~mui'i1t1(,lfl~?t'U h 1 'Umi'i L{J'Umi ., ., ' 
a(jluqim 1 'Um1tl1tmat.Jami'i1 'U-&'U(,leJ'U~ei '11 tl 

4. tn1"al-6i1mv.:iLL'U'Ufl1LQ~V (Averaging Filter) 

(fl) ('!J) 

d .., ti ,Q,~ I.I I .,J 1,1 ~ 
fl1i'iVl 36 fl1i"1(jl?lqjqJ1'1Ji\Jn1'UmV1fi~'1!1'11LU"1V mm.J1?11'1'lJ'\J1(j} 3 

(n) '11n~an11vi1i;?11VlLLm1JBmv1aL"l!'il'U 

( 'll) '11n~an11t1-ruFi1m11J LLv1n~1-:i L\j}EJ 1 iFi1i;?t 1 VlLLml.lBmeJ 1a L"l!'il'ULL uutl-ru 1v1 

(Fl) -;;i1n~am1LL tla-:im11JL 'LJl.J 1\j}v HFi1m11JL'LJ1JLV11 

(-:i) '11n~an11v\1lm11JF11Ji\11 



4.2 nT~l'tii1n'aeNLL\J\Jf'1lJ5VJ1'1J (Median Filter) 

fl1Y'I~ 3 7 fl1'HWliqJqJ1N'l\Jn1'Uli71 EJ1ITT 'llfl1lJ5EJ~1'Uli71EJ1J1ifl'll'U11i1 3 

(n) '11n~am'lvi1fl'1L 'V1LLml.lBl'l1v 1m'll"n'U 

('ll) '11n~am'li.J-StJfl11'111l.JLL~n~1.:i LlilEJL 'llfl1fl'1L 'VlLLn'll.JBl'l1v 1aL'll'll'ULLtJtJU-StJ 11ii' 

(Fl) '11n~amiLLi.Ja.:im11JL-Ul.l LlilEJL 'llfl1Fl11l.JL 'LJl.JL'V11 

( .:i) '11n~afl1'lVli1Fl11l.JFll.l'llli1 

38 

fl1Y'I~ 38 fl1Y'l'llEJ1EJfl1Wli1'1fllfll1NTUm'Uli71EJ1ITT'll (n) fl1Ltl~mLmi (-u) fl1lJfiEJ11'U'11n~"1fl1'l~li1 

Fl11l.Jfll.J'Hli1 

'11flfl1'l'Vllilav.:iY'ltJ11fl1'lali1'1fllfll1NTUm'Uli71EJfl1lJfiEJ~1'U 11ii'~miY'l5~'111J1'l'1alil 

iqJqJ1NitJfl1'U Y'livllfl.:J m11J-B'lil L '1'U'llv.:imY'l 1 illii'm n n11mi 1 'llfl1 LU~ EJ fl1i'Vllilav.:i 1 imifl 

L~l.J(;l'U'lJ'U11i1 3 Y'ltJ11vi11 ~mY1i1m11JL i.mm ~l.J:ff 'U vi1n'1:::'Vllilav.:i Lli1EJfl1iL~1Jfl11.11iF1'1:::~.:ivh 1 ~ 
""' 340 I t.J 

f11Y'll.Jl'l11l.JL tJavl.J1fl'll'U '1.:!fl1Vl'Uli1Fl11J1'1Fl'Vl 3 
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~ .,j .,., ,g ., 
'tl'U'1u'U'VI s n1-sLLvn,i1an"tt-saam11n't'4'U'VI~~ 

L thJ.ff 'l.J~e)'U~~e),:J n1'~~-:J~1el n~1e)e)fY;,)1 nm'Vi~'l.J'Vl"'-:J n1Wl~"1e)-:J L ,J~EJUL 'VI E.l'U L 'Vll'1ilFln11 

"11L'Vl1'llLtmt-i'LL'U'UF11L~E.11~-:!Il1Yi (Global Thresholding) LL"1t n11"11L'Vl1'llLtrnt-i'LL'U'UUf'Um2.J 

Fl11i!L-Ul.JLU'Vi1t~'lJel-:Jil1'Vi (Adaptive Thresholding) 1~EJ"11n11'Vl~"1el-:Jfl'Uil1'Vi~"1"''V'lfiv11~'11n 

n11,Jfor111l.Jl'12.J'U~ ~,:i 4 15 LL"1t"1~iqJqJ1f111'Un1'l.J~1E.IFl1lJfiE.1~1'U L~mmEJ'UL'VlE.l'Ufl112.J~rn,1v-:i 

0 'i' ~ • .. ~ ) 5.1 n14i'Vl1L'Vl~'tl~lrn~LL\J\Jfl1L~V1'Vl~ll1'r4 (Global Thresholding 

(n) 

m'V'l~ 39 ~"1n11"11L'Vl1'll1tmt-i'LLuuFi1L~E.11~-:im'V'l 

(n) '11nm1n11"11ij&'f 1 'VlLLmll~fl1v 1mfll-U'l.J 

.~,;; 
. f&:,.v 

)IJ.,(_ 
.... 

. ~.., 
IIIVl,N JNJJI 

(-u) '11n~"1m1tlf'UFi1r1112.1LL~n11h-:i1~v1-ffFi1ijG'f1'VlLLmll~fl1v1"1L'lf'U'l.JLL'UUtlfu1~ 

(1'1) '11n~"1n11LL U"1-:Jf111l.JL'Ul.J 1~v1 "UF11fl112.JL 'LJ2.JL 'Vl1 

( -:i) '11mmn11v~m12JF1ll-V~ 



,,.,',/t,,r, 

-~ ·_ll_.,,,.. • 
7,1,J~IIJ/ . .. 

• Jt,. . .,, 
. , 

. , HNl/lfl,',i II. 
(Fl) 

; ~':.~·--;.: • . .-1#:Nlii, 
' ,;. . ~L/ . ,. 
~ •. . 

I 

• ·~ . 
•· . :· r.' J ..JJ. • 
~: ~ ;··. 1JP.Jl.(llfJlr,II, 

• f'lla • 

mvi~ 39 e-J'1n1"fVhLY11'llLfl'1111LLtJtJFl1L~v1~~mvi (~B) 

(n) '11 n e-J'1m-svh B"11 Yl LLmiiBmB 1m'll'tl'U 

40 

" .,✓,.'t,.. 

., .. 
ftl'J. ~·f \!I/'.'• 

I.I 

1"1~v,l, 

tP11,11,, 

~· 
Mlt/111 

"' ~ · 
/l,11/lilJ/J'1!JI 

;r,,,~~r, 
1'11S1111, 

( 'll) '11ne-J'1 m-siJ.YtJF11m1iiLL1,1 n~1~ 1i;iv 1iF11B"11 Yl LLmiiBmB 1m'll'tl'ULL tJtJ,j•fo 1~ 

(Fl) ,:nne-1'1 m-sLL \J'1~m1m -uii 1i;i v H'Fl1m1iiL iiiL m 

( ~) '11ne-1'1m-svi;im1i1F1iiii;i 

,nnm'V'li:hvi.:i~'U~'\.J~L 1ru~1'U61!1V'llB~m'V'lilm1iiij(,)ii,nn11tJ~ L 1ru~1'U"il11 m-s 1-B'L Yl-S'll 

Lfl'1 ~ LL lJlJF11 L~ VT~~mvi vh 1 ~lJ~ L 1ru-&'1 V'UB-1 mvi~~ii m1iii1 (,\ n'11 V L 'U'U~ ~1J~~'U'\•1"'~ LL'1:; 
.., Q.I er c1 _ II d.c:i1 • , ,r QI QI "' 1" 

\Jl1 B m~-s ~ 'U'U ru:;Yll)"a L 1 ru i;J 1'U'U11'UB~.f11'V'IYll.J Fl11l.J"111~ n11"11l.J1-S'1 LbV n'V'l'U~'1~ bL'1:; \JnB fl~'S i;J 

tJ1~G'i1'U 
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5.2 n14iV11 L Vl"i'Ulnai LL uut1i\J,i111f11111 L -us.i LU'Vi1::vf 'Ue1.:i111Vi (LocaVAdaptive 

Thresholding) 

• ·,1,,S 
,t1'tmt ·: 

. .. ,,,;,,, .. 
.. . 

• 
. 

I"""" 
• ,, .. 

ft11/f'IJI 

Juli· 

.. 
(n) 

rtr./11l1 
"/ 

('tl) 

II t'tN,111/1 

,;;t},., . 

., . 
,,f,i'J;,F, 

• . 
-•. 9'Mi~,v 

)tJ " • • J 'k'lt 
. . 

11lv11tri:tl11. 

.J o 'i° ~ .I" II .J 
I11YiV1 40 ~mn1'~V11LV11'll~fl'11'1LL'U\h.J1'U\J111Jf1111JL'tl1JLO'Vi1~Vl'tlel..:JI11Yi 

(n) ,nn~mm1vi1i3'11 V1LLm1.1~mei Lm'l!-&''1.J 

-~, 
• .,, ... 

/1,1 I/I {I Ii J t,J) JI 

-,,,,1-1, 
1'1S11• 

, ... 
,,",. ... ,, "N,/' ,. 

( 'tl) ,11n~'1 m1,J-suR1m11J LL\Jln~1..:i L(;)cJ 1'llfl1i3"11 vi LLm1JBmei 1mflli'I.JLL uu,J-su 1~ 

(fl) ,11 n~'1n11LL i.J'1..:im11J L 'Dl.l Ll'lcJ 1 'llfl1m11J L <ff 1.1 L vi1 

(..:i) ,11n~'1m1~l'!m11.1fl1Jil'l 



• • • ,,fp);,/i· . . 
,."'), 

I;! DIii/ • J/ IHNf 1111, (j,tJ/1-111 
-•; ·-_ · ,fiip;,i• . ,lit'lv1 ),fj,,f' 
-~ , . . ,: .,. 

. . :IJ1/flll 
. 

. 6,,,,i?I(' ; 
... 

.J • 'i ~ .1" ., .J (') il1'WY1 40 ~'1f111Y11LY11'l! bfl'11'1LL tJtJu1tJIJ11lJfl11lJL'!JlJLU'V'l1tYl'!Jel.:Jil1'V'I IJlel 

(n) ~1n~'1m1vhij~1YILLml.l~mv1m'l!'tl'U 

; .,,,--
/1'11/lf/N/'1/I/ 

~,~i11, 
.1! I 
m/1,NJ/I 

( '!J) ~1n ~'1m1tl-rtJ~1m1l.l LLIJl n\Ji1-:i Ll'ltl 1-0~1~~ 1 YILLml.l8fl1eJ 1m'll'ti'ULL tJtJtl-rtJ 11)7 

(Fl) ~1n~'1f111LL'll'1-:im11JL"Ul.l Ll'ltl 1-0~1F111l.JL "Ul.JLYl1 

(.:J) ~1n~'1f111~1'1Fl11lJFllJ'til'l 
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m1vi1 L Y11'l! Lfl'1vl LL tJtJtl-rtJ(J11lJFl11l.l L "Ul.l LU'V'11t~'!Jv-:im'V'l 1-u~1-um'V'l~i1m11J~l'l LL'1tFl11l.l 
I 1 t I V ._, Cl.I JI V 1" .,j q 1" I 4i' f'.J I ._, 1 

~11-:i lJLYl1n'U~1lJ11mLt1n1J11eJm!t1LL'1t'V'l'U'Vl'1.:J l'1 L 'Uel.:J~1nlJf11) 'l!Fl1LY11'l! ~fl'11'1YILL1J1n1J11.:Jn'U 'U 

f111tJ-rtJ F\11:l.J FllJ'ti l'1 LLIJi'1t~1'U'!Jel.:Jil1'V'I 

~1nf111L'U~tl'IJLvit1tJ~'1f111Y11'1'1el.:J'V'l'\J'J1'11il1'V'l'\J~L1ru~i1Fl11lJLLIJln\Ji1.:i1t'Vl'J1.:Jt'U'Vl'U1 
,¥ ._, 1 II'-., O 4i° f' I .c:i1 t 1 ' IV II.I .f 4.1 1" 

LL'1t'V'l'U'Vl'1.:J n'1 n'Uf111Y11 L Y11'l! bfl'11'1LL '\J'\JF\1Ll'ltl1Yl.:Jil1'V'l~t lJ~1lJ11mLt1nmvmi1LL'1t'V'l'U'Vl'1.:J l'1 

L'1 v ~1-u m1vi1 L Y11'l! Lfl'1 vi LL uuu-ruml.lm1lJL -UlJ LU'V'11t~'!Jv-:im'V'l~1l.l1'1 LL tin 11)l~n11 LL'1t~1n n11 

L tl~ti'\JL vivum'V'l~-:iuuuffil)l~1nm1tl-ruF111lJF1l.l'til'l~-:i 4 15 mm tl~titJ L vit1tJm'V'l~'1"''V'l5v11 ~ 
mt1Li-u~1ti'm!t1i1m1l.l~lJ\j1cl~~l'l m11-om'V'l~'UUU'IJ~1nm1'll-rum1l.lF1l.l'til'l~1t116n11~1'1Fl11lJ 

.., 1" .., f'.Jc:111 .J 1 d<1C1t..c:i1d I/ .., .., c::il 1 ' ~ I 

FllJ'l!l'l 1'1~'1'1'Y'lt'iYll'JYl~l'l 'U'!JC\JtYl1t'iel'U 'l mm~'UIJ11eln'\~J1l.J1eltl'!J11'1 l.J~l.J\j)C\J LL'1tt11n1Jlelf111 

'1°1LL 'Un LLl1im'V'I ~""''V'l5vhl)lv.:J'V'l'\J11Jl'1vtllJ1 i~1ti' m!t1'1n1J111~'V'ltJ8n'1°1'U1'U'Vl~.:i LL'1t'11tl Li-um.:i 
' " 

~1eJm!t1i'.im1l.ltJ1-:ilJ1n ~-:i~v-:i L ~lJFl11lJFll.l'til'l Lrn~'ll~1'111Jl'1ffil.l 1 'lli1eJni!t1eJeJn 1-u"l1-u11m-u\Jiv 1 tl , 
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~ .J C: .., "" 
'tl'IJfleJ'IJ'VI 6 nT'HVUJfl111.l'tl'1L,l'IJ'tle).:Jf11vn'tt'a 

1 'IJ~'IJ\Jle)'IJ;j' vt G'li.J11Jl()~hn 'll~Tel n'li1 ~-:J11Jl()~ii'1J'IJ1~ b~ n n'J1 ~1 e) f1'1;1 LL'1::11Jl()~ii'1J'IJ1~ 
' ' ' 

1n~ LA v-:i fl'U ~1 e)f1'\;1 LL~hn 'll~1el f1't;i LL'1t L ~l.J Fl111Jf'l1J'tl~ b v'IJ'1Je)-:J ~1el f1'\;1 vl1 V m11-ii' b 'Vlf'lUf'l f111 

L 'U~V'IJLL 'U'1-:J"'f1'\;()Jt~'U~1-:JVl~e) 1m-:i~1-:J'1Je)-:Jfl1'\"l (Morphology) 1~ vii~'IJIJle)'IJ~-:J;j' 

6.1 n1-aniufi1~ ll1Vi'tl11-fl1LLil::il\J'l(JICl'tl'IJ1'1Lan • 
fleJ'IJv::L ~1JF1111J'tl~ Lv'IJ'1JeJ-:J~1elf1'\;1v1f1fl1"r'l~-:JIJ1'1J~1elf1'\;1~~1 LL'1::~'IJV!a-:J~'ll11 L ~eJ 1 ~ 

L~'IJ~'1a'\"l6~-U~Lv'IJ~'IJ~-:Jiif111f1aUm~~1elf1'\;ii'.i~'1J11LL'1t~'IJVla-:Jii~~1 '1'U11Jl'1~ii'1J'IJ1~L~f1f111 
' 

• I ; 

I?• ~- -....' ·,~i.& .• 
rl/:li!lfl -.e ,VJ/ ~-11~) P./11/N/ 

. ,, . 

o/!fM1~-n11 
.. 

; .--1'1Dllfl II UtNf!l/1. /!11 /./Ifill J 1/J II 

,,,;,,;,;-• t?' I 

},fulf' ,Jj., ~~ Gl - e .. ,;; ~,/ . . , 

f}/, y;,f 
. - I' . ~ . 

. . 

... . ·IJ1lrli" . 111,u,j;-;,t~ ~ 

11Ju11.1t1li11~ fNI I 

'"'"'' 

•• :J~~-:i,J- rlt:ll!At1 
I?• ~ 

,VJ/ ~'#fl -..,l . dv1 '1/f!I 
·' 

o/!fM,~n11 • ; .--1'1/J/111 1/UtNf!lll /!111./lfi// J1lJ II . .. ful. l 

,Jj, ~~ Gl e ttfNvi11 ,;; u· • },f111f fJI, f/hf 
I' ~ 

. 
111,u,j;-;,t' • ) 

I 1, 

fNI I IJl/@ /J J/l/;,1l./l4f/ 1',IIJ/1 

.J -., Q I U U 

m"r'l'VI 42 m1'1'U11Jlfl'll'IJ11'1L"nm1meJn~1 • 

~'1f11iVll'l'1eJ-:J V-:J"r'l'U11Jl()vft1J"l 'll~1e)f1'\;1 b Vl~eJeJV LL~ii'1J'IJ1~ 1 Vlfl I ~-:JVl1 n 1 mumi L ~1J'1J'IJ1~ 
' " ·~ 

11Jl()~'1'U~f1 vt'Vi11 ~'1'U1 \Jlm vici1ffivi' LL~'LJfl 1Vf1~'\"l'U~m'1it'U1-:J~1vtVl1V 1 \Jv11 V 
' ' ·~ 



£ ~LM.ll.M.B11~Vl.n.1ile!~Ll-mt-Jfti;'bUJt,~n,fir)UMl.Bll.~~tLU S-17 ~MLLJ 

L ~Ln.ll.n.Brt~i n.m,le!~Lrtr)t,,1Pti;'bUJt-~n.fmL~n.Bll.l1~ it LU 1717 ~MLLJ 

1 ~LM.ll.M.(311~in.m,le!~Ll11')t,,lfti;'bUJt,~n,fmL~n.Bll.11~,tLU £17 ~MLU' 

n.uuL~UBBtRUBUil ,. ,. ,. 
• p.1111;:~,, ti;'bUJt-~n.1;,~mii1ur),m~it-o,v1.t-_t,le!U~UBBMLU'n.Bll.n.~tLU~t-B~t-~ tRUJt-~rut-,~n. 

rl.,V~~tRUJt-~P.111~Ulj)1~ L ~~~Ut iit-ile!~ttR~Jt,~n,fmLl')ll.tLU UBB ls n.~Ulj)krl.~LrutL~M,t-~ii 

n._v~~ ;:n.p.fu13Mn._v;:t~ruu &_n.~ t B~, tuv1. w,n.~n.i; m_v ~~L);!!~ t tRUQt-~n.f, r)Lr) ll.tLU~~ t 

tA.U_t! t~p. t,rtt,ld11tA.U_t! e,~ n.i, t-~ ~1jUl ~Lnll.uld1,n.~t1.,u l"9 

1717 
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.J ,¥ .J.J-., it I U ., 

.flTV'fVl 46 fl11"1'\.J'V'fU'Vl'Vl bl.I 'l!\Jl'Jelfl~1 

tl1G11'U.fl1'V'l~'U'Vla.:i LO'V'11~~~1ffilJL 'lli1i fl~11 th1lJ fl'U.fl1'V'l~-ma'V'lfiffi~ne:i'U'VliJ1 L ~e) 1 w.~ 
m'V'I i1 er fl~1vi'bJil! \Pl '1vfllJ 1 'll i1 er m!t1 , 

6.3 L~2Jfl112J\.'l'U1~1VL~'Ui1Bfl~'a 

~ma'V'lfii'leJ fl'l!f1~ LLV fl el el fllJ11~i!'Ui1 i1 eJ fl~1'\.J1.:1~1'U~"11 El L~Wil1.:i'Vl~el'll11'1'\.11 El 1 D'\.J1.:1~1'U 

L tia.:i,:nflm'1~ fl~'111ru1"1'\.Je:Je:i fl 1 'LI.ff 'U\Ple:J'Ufl11"11'1'1fl!f1!7ru1'\.Jm'U 'Vl~e:iilm11J L "LJlJ~ffifl~ Lfiv.:i n'U 

.fl1'V'l~'U'Vla.:llJ1fl .ff 'U\Ple:J'U-d'~.:i L 'U'Ufl11L ~lJF11111'Vl'U11 ~i1i fl'l!f1ilm111-a'l'1 L '1'UlJ1fl t.:i~'U Ll'l V'Vll'lflel-:J 

~1Vfl11L~lJ'Ue)'\.J~1VlJ1'1rlitJ11'11lel'U 'U'\.111'1 1 fl11L ~lJ'U'U11'1lJ1'1rl 1~lJ1flt'U'1~Vl11 ~i1eJfl'\!f1'Vl'U1 
J ,-, 1" I o 1" J IJ lJ1fl'lJ'U LL\PllJe.J"1 'Vlfl11el1'U'V11 1'1V1fllJ1fl'lJ'Ul'1':IV 

I • 

I?• .,-
Pl/1/111 1)i.11il rlt:l/!av tVJ/ -.'l(M 

• 1'»ilt1111 ~ -/t,Mfl /l!lfN/)!Jll /J ;11./1 £-ill In J . 
0 / 

,!,, ~~ 6' tthlvh, ,Ii~ .. V p,f11ff f}/. y;/f 

J' - f ' ,r.l 
/1 J JI I /;,1 £, ,i fl &

I I JJT/rlir IN1ll!Jllf' 1n,11. 
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.., ., ., 
Jl1'V'IVI 49 fl1'~'V!1'llelUIJl1elfl~~ 

I 

/1,J/P rlt111J, ,,;,/i,/i Mt/HJ 
, 

~ 
~) ,,, ,;,"' 

lfllJ/111 111/tNftl/1 1llPIIII/ 1/IIVl({l/>NJII 

18'tti11 ,r,t;,I i,r,m ,r,,f,1, 
"'Ii .. 6,,,,,nf nl1111.111/J11 ll11S1111, 



,d 
'U'Vl'VI 4 

,nnn11~1LilunT~1~v1 U'UVl~ 3 '1i\J~mm11~v1 ULL~mi'l1'1.J\Jlem1~~-:id • 
1. .g'IJ\Jlel'1Jn1"aij1'1Jl'l1'W fl1i LL U-:Jfn'V'IL 'U'IJ'1e)-:Ja1'1.J 'ilt 1 ~~'1~~ffJ1fl1iL 'Ufn'V'I L~v1\JY-:JLL~~'IJ 

~ ... ,. !:t 'i ~.J " ., ., 1 "'" .x ., .. 'i 2. 'tl'IJ\Jlel'IJn1"aLavn b'Vl3J\JITI b'Vl:I.J\Jl'1V1L'Vl:1.J1t'1:I.J L'Vl'I.J\Jl"leln'l!ti \Jl"l!\JIL'il'I.J,J1n'V'l'I.J'Vl'1-:Jflel b'Vl:I.J\JI 

f-i1F111:1.JL'U:1.J~ (Intensity) 
~ tlU I Ill :'. t .JO QJ IV 

3. 'tl'IJ\Jlel'1Jn1"a "a'ULL\Jl.:Jfl113Jfl3J'tlfl'tlel.:ll'l1'WL1J'I.J'!J'1.J\Jlel'IJV1'11flqj:I.J1nn'ULeln'11i 

\Jit'Wlf'11'1\Jl{~L~B:I.J'1fl1'V'I\Jl1:I.Jfl1'1 L1'11 LLG'lt 1~ijfl1i~\Jl'1fl1'V'ILL 1\Jl~e):I.J 1 '1.Jfl1iL~'U.Ymn~'1n~a.:i 

fl1ii.JfoLL~-:JF111:I.J-U\Jl~~'ilt'I.J11i.Jafl1iLLEJn~1eJn'\!ti'il1ff~,'IJ'Vl~-:J~~ 'il1nfl1iV1\JIG'lel-:J'V'l'U11 L~B-:J'il1n 
'II 

'1fl1'V'IV11-:Jfl1Wl1'V'l'!Je)-:!'Vl'IJ-:Jaa L 'U'11'1Jii~m:mJt 1~-:i-:ia LL'1tii~1'1JEJ11:I.J1nn11~1un-!1.:i1.11n L '1.Jfl1i 

cl1EJfl1'V'lfl1i~\JILL'1-:J'Vl~Bfl1'Vl'IJ\Jl'U~L 1ruf1:1.J°U\Jl'Vl11~EJ1n 'Vl1 L 'ITT~fl1'V'lcl1EJ~iiLL'1-:J 1~'1J1L'1:I.JB '1fl1'V'I 

LL'1-:i~hl'1J1 L'G'f:I.Jvd:w~G'l 1 ~mi\J'Y'U LL~-:JF111:I.Jfl1J-U\JI L via LLEJna1'1.J\Jl1Bn'\!tiBBn'il1fft'I.J'Vl~-:J an~,:i 

mma'I.J\Jl1Bn'\!ti 1 '1Jfl1'V'l~'IJQ'U'Uf-iv'IJ'U1-:J'U1-:J 16~~~'1\JIAB fl1i~\Jlfl111Jfl1J-U\JI ( Contrast • 
Stretching) 

4. l'IJ\Jlel'1Jn1"aa\Jlity ty1W"a'Un1'1J 16~~~~\JIAeJ mi 1 -U\Jl1mei-:i LL 'U'UlJ6V-'i1'1J (Median 

filtering) ~-:JL'U'IJfl1i'1\Jl~qJqJ1rui'Un1'1.J'!Jl.11\JIL~n 
~ ,.I ., ., .r ., 0 'i • _,., ., 

5. 'tl'IJ\Jlel'IJ n1"aLLV nTI'J'IJ\111 el n'li"a LLaZ'W'IJ'Vlil.:J fl1iV11 L Vli"l! bflG'l \JI LL 'U'U ui'U\111:1.J Fl111J L '!JlJ 

LO'V'11ta1'1J'!Je)-:Jfl1'V'I (Loca I/ Adaptive Thresholding) '111J1imLVn\Jl1eJn'\!tiBBn'il1n~'I.J'Vl~-:J L '1.J 

fl1'V'lcl1EJ~:W~LLG'ltfl11:I.J'111-:J'!Jel-:J~'IJ'Vl~-:J 1~i1J1 L'1:I.JB 1~ 

6. 'tl'IJ\Jlel'IJn1"aL ~3Jfl113JA3Jil'l'tlel.:J\Jl1am1"a L 'tl16L ,J~ Ell.ILL \JG'!-:i~n'l!trutii.J-J1-:iV1~a LF11-:i-J1-:i 

'!JB-:Jfl1'V'I (Morphology) L\JIV'Vl~-:J'il1n~G'l\Jl~qjqJ1rui'Un1'1J'!Jl.11\JI L~mL~1 V-:J'V'l'Un~ii'!Ja-:i~m"ll'"1~ 

1ii"I. 'll\Jl1Bn'l!ti'V1'"1-:J L 'Vl~eiei,1 ~,:i 1~Vl\JIG'lel-:J'"1'U1\Jlm!uaein 1 ,J~1v 'il1nmiV1\Jl'"1B-:J'V'ltJn11 n~:1.J'!JB-:J v • • 
~m"ll'"1mii"I. 'll\Jl1Bn'l!ti'ilt 1~'!J'IJ1(;11~Ln'IJ 7 ~m"ll'"1 an~-:i'"11miMU\Jl1e) f1'\!ti 1 '1.Jfl1'V'1~'1.JQ'U'Ui'10'1.J"LJ1-:J 

tJ1-:i 1 '1.J'l1'1.J\JIB'I.J'!JB-:Jfl1i'"1\Jl?lqJqJ1ruitJm'I.J uan'iJ1n'ilt'll1vG'l\Jl?lqJqJ1ru1tJm'I.JLL~1v-:i~-:i~"11 ~Ln\JI 

fl1i\Jl\JIV1B'IJ'"11EJ LiM'I.J 1 ~G'l~f1111Ji'1:1.J°U\Jl'"1.:J 1 ,Jan~-:ii1 fl1i L ~:I.J'!Jel'Ufl1'V'I L vla 1 ~mEJ La'I.J\Jl1Bf1~ifl:1.J'ti\Jl1J1f1 
.3 
'!JU 
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N rt n 1W1 "" tJ-:ivfl~~ m111 ti \Jl"J11ili;'I tli.JFl11:W~ n \Jlel-:lfl'lJ ~ b zj E.11"ll1~~1'U fl1"JU"J :::w1r1 Nrlfl1'V'l 
• ,! '• I o 'i 1 "' "Jel-:!Pl1i;'I\Jl"J11il1"JEJ ""J. ~~~']Viti ~EJE.11'U'U11"J:: tl11il1"JE.lu"Jt1iJ1i;'l1"tl1bV11'1 ~'U rteJi;'l1"Ji;'l'UbV1Pl 

l'lel:W'W1 btJleJ1 bbrlt fl1"J~eli;'l1"J i;'lm'U'Ub Vll'l 1'IJ 1rt~'U1'U1"ll1~a~'Ufi"J :W'Vl11VleJ1"'E.lfi"J"J:WP11i;'ltJl1 bbrlt 

e~\ zjeJ1"lf1n1~1'U~:W.nfl. 'lJr\1'U 'V'l"Jtl'l"J1:Wrlfi"J"J:WaVlt ( 'V'l"Jt tl11il1"JV bb"-:1) b-.5'1el111i;'l1"'ilmrt:w 'U1 Ln~el " -~ " 
~-:1V11""l!"u~ 1"e.i 1 m5n1-s1"t1-s::aV15fl1'V'lb :a-:i!'lrum'V'l ~-:ibbi;'l"-:i 1 'Um-s1-:i 

' ' 

\Jl1"J1-:I~ 2 b U~eJUL vieJ'lJNrlfl1"JbbeJn~1eln~"J1il1ff~''U'Vl"'-:lfl1'V'lf;11eJ L 'lJr11'Uvfl~~1'Ui'UtJlel'Ufl1"J 

tl-st:w1r1Nrtfl1'V'l bbrtte.h'U.ff 'UtJ1tl'Ufl1".itlwmr1Nr1m'V'l 

... 0 .J .,., 0 .J .,., 
L 'Vlfl'UFt ~1'U1'Ull1'Vi'VlbbtJn'11eln't!t~ ~1'U1'Ull1'Vi'VILL'-ln'11eln't!t~ 

nui'U'Vli\' {I 1~ ., ., ., 'Wn" nu'Vi'U'Vlfl.:i ,i 

1~~1'U.ff'UtJ1B'Un1-stl-st:w1r1Nr1fl1'V'l 0 50 
' :, 

N1'U"tl'UtJ1B'Un1-stl-st:w1r1Nrtfl1'V'l 45 5 

d ar=I q Cl.I QJ JI QJ I 1 ., . 1 t' I 

\Jl1"J1-:IV1 3 b u"JEJ\Jb VleJ'lJ Nrlfl1"J bbeJnmBn~"J1il1n'V'l'U'Vlrl-:lfl1'V'lmeJ 'lJr11'U"1 E.lfl1"JV11 b Vl"J"ll Ori" bb 'lJ'lJl'l1 

b~ e.i1i.:im'V'l numwh b Vl".i"ll 1orilil bb uut1-rutJ11:wm1:wb i:w bU'V'l1t~"tltl-:lfl1'V'l 

... 0 .J ., 0 .J ., ., 
b 'Vlfl'UFt ~1'U1'Ull1'Vi'VILLVn\Jl1 ~1'U1'Ufl1'Vi'VlbbVn\Jl1eln'let~ 

., ., .r "'1" e>n't!t~n\J'Vi'U'Vlfl.:i ,i ., ., "'1n" nu'Vi'U'VI fl .:i i.i ,i 

n1-sV11LV1".i"l!Lor11ii'bb'lJ'lJ1-11L~mi-:im'V'l 4 46 

m-sv,1 L V1 "J"ll 1or1 li1 bb uuu-ru m:w m1:w 45 5 
II cl 

b "tl:W bU'V'l1tVl"tlB-:lfl1'V'l 

1il1nm'V'lcl1e.i-'1Tu1'U 50 m'V'l n1-svi'1bm"ll1orililbb'lJ'lJF11b~e.i1i.:im'V'l i1m'V'l~i;'l1m-smwn~1 

0n~·rntJn1il1n-~''UV1~.:i1~mh.:i'1:w\J".iru ~1'\.J1'\.J 5 m'V'l A~bU'\.J 10% bb'1tbbE.Jn1i;ibJm..1\J".iill -..\'1'1.J1'\.J 

45 .fl1'V'l R"LU'\.J 90% 

fl1"J'V11 L V1 "J"ll Lfl'1 li1 Lb uutl-ru \Jl1:W Fl11:W b 'LJ:W LU'V'l1 t~"t]e).:] fl1'V'l nm'V'l~i;'l1lJ1"J fl bbeJ n ~1 eJ n~"Jelel n 

1il1fft{'U'Vl"'.:i1~mJ1.:iG'l:W\j"Jill '11'U1'\.J 45 fl1'V'l R"LU'\.J 90% LL'1::LLEJn1m~"1:W\j"Jill '11'U1'\.J 5 .fl1'V'l 

R"LU'U 10% 

fl1'V'lf;)1eJvfl~i;'11:W1"JflbbeJn~1eln~"JBBn1il1mt'UV1"'.:i1~eJV1sli;'l:W'lJ"Jillbn"1il1nfl1'V'lf;)1eJ\11'UU'U'lJ 
" 

ij LbG'l.:ivfl~G'lJ1LG'l:WB~sl:W1n ~"tJB.:ii1in~-snm1:w Ln~ b~ E.lsltl'lJ~'llelsl~'U'Vl"'.:]lJ1 n 'V11 L m 'U,rr'U\Jlel'Ufl1"J 

bLEJn ~1ern~"JflffW1il1"JtlJ1bU'U~'U'Vl"'.:i1tl~1eJ ~1ern~-si1r11m'1'U~'lJ1.:i:w1n 'Vl~B"tl1"'Vl1eJLUbrleJ1il::fln 
" " 

'W1il1"Jru11 ~L U'U'1t\!t\!1tlJ".i'lJm'U6il.:i1ilt~nriu 1 ul 'U.ff 'UtJ1B'Ufl1".irt"'1'Y~1ru-sum'U i1Bv1.:im'V'lcl1e.i~ 
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.,., .1t "'1" 1!'1" 'l .J .J '11lJ11mLvnmt1m~1tltlff'11ffV'l'UVl~-:J ~ Lb~~ LLVn lJ .~ LL'1~-:J l.'U.fl1'V'l'Vl 51 LL~~ .fl1'V'l'Vl 52 

1Jnmhvi\J (~mm1'Vl~'1t1-:i,X-:ivi1J~ LL'1~-:i11l'Umflt:.J'U1n n.) 

(n) 

m'V'I~ 51 m'V'lci1v~'11m1mLvn~TiYn~1t1t1mnn~'UV1"'-:i (n) .fl1'V'l\;l'Uu'U'U ("!J) m'V'ILVllJ~fl11lJL'lllJ 

~ (fl) tJ-rum11JfllJ'tl~ (-:i) '1~iqiqi1ru1'UnTu ('1) LLvn~1ei'n~1t1t1n'11n~'UV1~-:i 

( Q) L ~lJfl11lJfllJ'tl~"!Jtl-:!~1el n~1 
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(u) 

m'Vi~ 51 mYirl1v~&111J1"imLvmn1eYn~"ieJeJmnn~'U'VI"'~ (~eJ) (n) m'Vi~'UU'U\J ('ll) .fl1Yib'Vll.J~ 

1°1111JL-Ul.Ja (l"l) tlfo!-l111Ji"ll.J'tl~ (~) ~~~qJqJ1rui\Jn1'U (~) LLVn~1e1n~ieJelmJ1n~'U'VI"'~ 

( u) L 'Y11J1-1111Ji"l1J'tl~'lleJ~~1eY m~i 
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(n) 

m"tl~ 52 m"tlci1vvi't:w"111J11C1u.vni1ern-1j'H:Jt1m:nn~'UV1"'-:i (n) m"tl~'UO'UU ('!J) m"tlL'VllJvJFn7lJ 

b'UlJ~ (Fl) tJfum1lJF1lJ-Uv1 (.~) ~viiqiqi1um.Jm'U ("1) LLvnii-~'n~1t1t1ff'17f1~'U'Vl"'-:i 

( o) L~lJfn7lJfllJ'tlvl'!J€l-:i~1ern~1 
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(u) 

.J I cll,1 .,., J' "(')() V.., () 1 flTVfVl 52 m~mf.l'Vl L1J'11lJ1';i(lLLf.lfllJ)'Je)fl~';je)e)mJ1fl~'U'Vl"-:I IJ)e) fl fl1~1Jl'UUUU 'U m~ 'V11J\11 

fl111JL 'U1J~ (fl) U1Ufl111Jfl1J'Ul'I ( -:!) "l'l"''lJ'lj1UJ';iUn1'U ('1) mm1111e1'n~'Stltlfl'11n't'U'Vl~.:J 

(o) L~1Jfl111Jfl1J'tl\11'UeM~1eJfl~';i 
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(fl) ("!J) 

.,., cl 1'1.Jt 4 ti..., •~1 11.J;'1 ..,.., .di 

mtlfl~'fVl"lJ1t,t"v11V 'U'U L1Jtlt,1'11flf11l"4\;l'UU'U'U Y4'U11L u'U"'1VL"1'UV1L u'U'Vl1~(,11tlfl,Si mtl 
" 

Y4~qj"ll'U~ ~iifl111J'U1~ vii L ~"'1VL~'Ul!'Ufl~'U'Vl1 V 1 i.Jn'Um'r4:'U'VI"'~ LL"'~ mru~iiiBV'Vliifl'Vl~el~~ 

am.Jifltl ~L 'U'U~ L 'JruL~V'Jfl'UIJl'Je)fl~i itl V'Vlii fll!'U'1~~nvl'17iru1i11JL tl'UIJl'Je)fl~i vii 1 mlJa11J1ifl 

~1'U'Ue)fl111Jl!'U1~ 



'U'VI~ 5 

fll'lle:i.nth1v~~ bb~~elie:ibfl'Ue:JLL'U~ 

Flllli fl 'UG'l1'Ul!'U~ el L tl'U Lel mn~ 1 u11 w111 l'I rW11,r!~'lJ61111'll el.:l"ll1 ~~il Fl Wf11i.:ivrn li11'U 

'lJ1:rwiia11iw1{ L 'U'lJLelm1111-&'lJ1J1'lJL 'lJPin,;1\i11'lJ'lJ1t'wiia11?11J1{'1Jel.:l~.:iF111?1l!vnel'lJ il L -0el'Vl1L~v1nu 

~'Vl6ial1G'l'U1 ~1'S1V1 ~1111 'Vl'S1ial1G'I\Jl{ LLG'l\91.:lL \.1L~'lJ'1.:l1~'lJ611ll el11V611ll LLG'lt.fJilUqJqJ1'1Jel.:lFl'lJ 

L 'U"ll1~ -Uelm1111 'lJLelfl?l11~mn1 ("i11~n) G'l.:l 1 'lJ 1 'U"1'lJ~.:lLU'lJ1?1~61111"!!1~ ?111111m~el11?1mv11i1 

m11mm1m 'Vl~elel1"ilrimhG'11V\i11V?lmTILL11'1ifo11t'lJ ., ~'lJ'Vl~mLllG'l.:i 1111eJ'n'l<J1~"i111H"iltG'l'UL~el'lJ 
v I ' 

'Vl1V 1 'lJ 'Vl1n 1iJiim1~1'1L\Jl~Vll 'Vl~eJLn'Uf fl'l<J1~rlfl1fi fl111'11'1G'lel n-UelFl11111Jlel.:l'el1~m~\ zjV1"!!1qJ 
" " " 

Ll'IVLOTI1t BflV1.:im-sei1'lJL~elPln'l<J1-uel11G'l'lJ~11.fliJLV1~1-d'"iltVh11i1v1fl~.:i~'lJ vnnhi?111111riei1'U " ... " 
1J11eJn'l<J111i1elV1.:l"lll'IL"il'lJ m-suiuffl'l<J1Lelfl?1111mtlLL'U'UBL~fl'Vl1eliln~ L"1!'Ufl11vhJ1L'lJ11i11vmi'el.:i 

" 
~~VIG'! L U'U1fifl1'S'Vl~.:l L 'Ufl11"1!1Vel'lJ1fl,;6UellJG'I L V1~1m 1lli1 LL~'Vl1n Lel flG'l1'SIJl'lJOU'Urlm'11"1V'Vl~el 

' " " 
L~elll?lf11TI1'ULL~1 fl11Ln'U1fl'l<J1\i11Vfl1'S'Vl1'11L'lJ1elt11.:lL~V1 v.:i1iJLflV.:lTiel~elfl1'S~fl'l<J1Leln?l1'S 

L'U'S1WL'V1~1,0 

.:i1'lJ1~v-O'l11L?1'Uelfl111iL'VlFl'UFlfl11'U1tmm.mmTIL~elfl11el'lJ1n~wmTimTicl1vF111iH 
' ' 

L 'UG'11'U Ll'IV'l11mTI1J1'lJOU'U111tlfotl1.:iF1wmTI LLG'lt LLVn1J11eJn'l<J1elelfl"il1fl.fl1TI~'lJ'Vli.:i m-s LLVn1J11 
' ' 

e)fl'l<}'S~m U'Ufl'St'U1'Ufl11l.:i1J1'lJ~'11Flqj'!Jel.:lfl11f-.S11J11eJn'l<J1 mTirl1v L 'UG'l1'Um 'Ub 'lJ.:l1'lJ1~V-0L U'U 

mTirl1v1 'U"1'U'!Jel.:l1\91'Vlel.:l;-t1 "ii. ~'U'Vl'U~ ~Ln'U11'U'S1ll Ll'IV'11'Ufl'Vlel?lll\91 ll'Vl11'VlV1"'V'U'STI1 'oJ1'lJ1'lJ 
' ' " 

50 mTI L U'lJLel fl?l1'S b'U'S1W~'ll111'11Jl1ll?lf11Tifl1'S Lnu-r fl'l.<}1 LLG'lt mm 1G'l1 i.:i v.:iii~'lJ'Vl~el1elVFl11'U 

~1-:l "] 'oJ1'lJ1'UlJ1n Bfli.:lL'lJ6ff'lJ\Jlel'Ufl11rl1vmTI'llel.:l'11'Ufl'Vlel?ll.Jl'I 111Lli1iifl11~l'IG'lf11TILLG'l.:lL'U'lJ'ViL!il'l<J 

vh L "1mTim\i1111ii?1mTI LLG'l.:l'V11l-1?1J1 LG'lll el LLG'I tii~l'l~t'\J qj1W'S'U m'U .ff 'lJ \Jl el'U fl1'S'Vl1.:l 1'U L ~11'11 fl fl11 

a1'UmTI ~~VlG'I IJl'lJOU'U LL~1v\'1 m-s LL u.:i ~1'Uf11Tiel el fl L 'U'lJ?lm~1'lJ L vi el" l'IU qj'Vl1G'lmTI LLG'l .:imii 

?1J1LG'lllel Bfli.:i L U'Ufl11G'll'l'lJ'lJ11'1'lJel.:l'UelllG'l'Vl11 \.1fl11tl1tmm-.Jm ~1~.:l~'U "il1fll1'UL~eln b 'Vlll\91~~ 
' " ' 'i ~.,,., ., .,, ., Jf ., .,, "" 'i ~ ., ~ 

L m.J1 ~ 6'11J b Viii \91 '1'Vl \Jl'J el m~~1JFl111J61ll'I L v'ULLV fl€)€) nm"il 1 flYl'U'VIG'l.:lm n'VlG'f l'IFI el b 'Vlll \91"'4 F\1111 L 'lJll'lJ el .:l'1 
' 

(Intensity) .ff'U\Jlel'Ufl11'U1'UFl111JFl116nl'IL"il1fifl11~l'IF11111Flll"lll'I (Contrast Stretching) LLG'lt 

.ff'U1J1el'Ufl11G'll'l~t'\Jt'\J1W1'Um'Uli11EJf11lJfiEJ!1'lJ1 ~(:.J"~~~l'I fl11LLEJn1J11eJ'n'l<J1elelfl"il1n-~''lJV1i.:i 1"ll 

1fifl11'Vl1L 'Vl1"ll bflG'll'iLL 'U'U'U1'U\Jl11JFl1111L -Ull LOTI1~~'1Jel.:lfl1TI (Loca VAda ptive Thresholding) 

LLG'I ~6ff 'U \Jl el'U fl11 L ~11 F11111Flll6nl'l'!J el.:l 1111eJn'l<J1 L "il15 L tl~ EJ'U LL UG'l.:l"' fl'l<JW~1tl'i1.:iV1~ el bF\1 .:i'i1.:i-ummTI 
" 

(Mo rp ho logy) (:.I fl fl11'Vll'IG'l el.:lm1i1-J11 tl \,l11"il?lel'U F\1111 ~ n ~ el.:l fl'U~6ll1'lJ1qJ li11'U fl11tl1~mfl (:.Jfl.fl1TI 

LLG'I~ Flllfi fl 'UG'l1'U TI 'U11 (:.!fl fl11 LLEJ n \Jl'leJ n'l<J'S"il1 fl~'lJ'Vli.:imTI cl 1 El L 'U"1'Umil ~ 1'lJ-rr'lJ (,l el'lJ fl11 

tl 1 ~m" t:JG'l.fl1TI 1il?11m1 ri LLEJ fl\Jl1 eY n'l<J111i1 LG'! mL~vn fl~1'U.ff 'U (,1 el'U m1tl1tm" t:J" m°V'l LL-51a1m1 ri 

LLEJfl\Jl1eJfl'l<J11\i1rlfllJlel.:l'1.:l 90% LL'1tLflel L tl~tl'U L 'V1 tl'l.J(:.1'1 fl11LbEJfl\Jl1eJ fl1;1'11 fl~'U'Vli.:im°V'ln1tl L 'UG'l1'U 
" 

li11 v m1v\'1 L 'Vl1"ll 1tm l1i LL 'U'Uf11 L~ v,J .:i mTI nu m1v\'1 L m"ll LflG'll'i LL uutlf u (,1111 m111 L -u11 LOTI 1~~ 
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'V'lt111 rn1V11 L "tW!l 1m:i ~ LL t1uu-rt11J111J m11J L -ff 1l LO'V'l7 t~ "11m1fl bbcJ fl\Jl10 fl'1!1'1e:ie:i mn flli.JV1"'.:i 1~ el i:J1.:i 

"11J\j1ru ~1u1u 45 m'V'I fii;ibtli.J1•n11J~fl1Jiel.:i 90% 

,J7fle.J"fl71Vli;J"eJ'1bb"1i;J'11 ~b ~i.J11ii,:i bb~i11'V'lcl1c.1~cl1c.11 i.J"1.f17'V'lffi1JL~~i;i bb"1'1 b 'Ui.J'Wbl'1'1!1' LL"t 

LeJ fl"171~uout1~ L~ eJ1l6'1m'V'I \Jl11l mm 1m .ff u \JleJi.J~tl1 L6'1i.JeJ 1 i.J .:i1u1 ~ c.1il6'111J11mw fl 1J110fl'1!1'1e:ie:i fl 
JI .,1., QJ CV .J 3 0 1~ 41 0 I d 

,J7fl'V'li.J'Vl"'1 i;J \Jl'JeJfl'1!l'Wlbbc.lfleJeJfl1J71.J6'17m1fli.J11J7 'lhi.Jfli;JrteJfl 6'17Li.J7 fl7ieJ11.JL'V'leJfleJi;JF1171J 

1LRi1t~off e:iF1111J V1~e:itl~1111J10fl'1!l'i 1v1"1tmfl1l7fl~.:i:ff u 6'17mi'1'U11 tl1 i~e:i 1 i.Jmitl1t1J1r1e.J"l'l1 

mif ~11J11t1fl'1!l'i 1v1 L tlumi~.:i L6'1~1Jmim~-rfl~R11.nfl t1r11u cl1c.1V1e:ii;iJJ~'llqiqi11J1t11.Je:ieJfl 1 ~R.:ie:itj 

111 I t, 1~!:'j JI I ~ t, U '°'.:'1 ., 1 tl .... ., 
i;JeJcJ7'1fl17'1'!J17'1LL"t 'lhi;J b i.Jit c.ltc.171 LeJeJ\Jlelfl11r1fl'1!1'7Fli.JF117JJ1luqJqJ7\Jlt11.JeJeJfl i.J~ LL tJtJi;J,JVJ" 

B fl~,:) tl'1'1!1 cl 6'1'111.J-r fl'1!1'7 LB fl6'11i-ff e)~"~ L 'Ui.JJJ~'ll qJqJ7'!JeJ'1"!17 ~111.~ 

elfi'U"a1ll~~ 

1urn1e:i'1-rfl~LBfl"1111 m1ru rn1V11i1L mLtli.J~~iri 1 vM LUi.J15fl7iV1~.:i~-..it"ll1c.1e:i'1-rfl~ 

LeJfl"17iL 'Vl~7ffi~ LL~"17fl,Jt~eJc.leli;J L ~m~1li.JeJfl L 'Vl'UeJ,J7flfl11 LntJ,rfl'1!1'711 LL~ L 'Vic.1'1eJl:!7'1 L~c.11 fl1i 

tl1m Pi fl'1!1'7 eJ7i.J Lm R171l'Vl~mL tl" m11J ~ m tlu fl7i L~ c.1u-s~.:i~tJii'V'ltJ'5'1!1' 1~~tJVJe:ii;i ~e:im fl7i'Vl 1 " '; 

ri1LmLL~1LntJLL~L~c.1.:ie:i!:l1.:iL~c.11 hiL~cl.:i'V'le:i ~1m VlR 1 u 1"~mitlit1J1"e,,i"m'V'I V111 ~6'11m1f!Ri;i 

bLclfl\Jl10fl'1!l'i~'17i".:i 1 t1mm V1~1de:ie:ifl1J7L ~e:iPifl'1!1'7 -S'<ij7\Jl10fl'1!l'i L tlumiL ~1lRrurh 1 ~ntJ LeJfl6'17i " . 
1 t111ru 'li1cl 1 ~Ri.J11.JV1"'.:iffillilm11J'U1mqiv11u0fl'1!l'i 1 t1mu Li;Jcl LO'V'17t6'111J11m~cli.Jf LL"tR111rie:i fl 
II .J 1!'1 t, .J ., ., t, .J t, .!I II 1tl .,j 
'!JeJF1171JV1,J7i 1 bl11 '!!'11.Jtl11.J~L"!lcl1'!J7qJV17'111171.Ji.J,Jt'11111.JeJcl"'1 LieJcl "l 

-..i1fle.Jrtfl1i1~cl'V'ltl17 m'V'l~~ir1~uout1ffi~1J11 u.ffu1J1e:ii.Jmicl1clm'V'l1liilm1~111LL"1'1~ 
.. ., ., ..,,., do ::J JI "1 ::J 

L'Vl1J7t6'11J 'Vl1eJ\Jli.JOtltJLeJfl6'1711Jrlfl'1!1'UJtVl7'1fl7c.l.fl7'V'IVl"!l7111lmfl 11'!JeJ'1'V'li.J'Vl"'1 tlrt71.JLL"t11'!Jel'1 
' 

\Jl10fl'1!l'i'V'l~7 L~mJ V1~e:iV111e:i.:ir1J11J111Jmm 1m -..it L tlu'llqimv!:l1.:i1J1fl 1 u.ff u\Jle:ii.Jmi LLclfltJ110fl'1!1'1 

nt1li.JV1"''1 -&u\JleJi.Jfl11'Uit1!1rle.J"m'V'I L de:i.:i~uil e,.J"~e) fl7i'V17'171.JeJ l:!1'1117 flfl11L~e)fl L 'V11Jl11~~ 

b 'Vl1J7t6'11J fl7i'U,rtJF1171JR1l"tll1l'!JeJ'1.f17'V'I LL"t fl7irti;J?lqJqJ7UJ1tJ fl11.J L 'Ui.J,Yi.J\JleJi.J~'li1 cl 1 ~m'V'lcl7cl 

~uout1ilm11J-B'111L -..iu111fl:ff une:ii.Jfl1i LLclfltJ110 fl'1!1'11 me:ifl"17i 1 t111ru~tJ110fl'1!1'1-..i1.:i 1 tl1J1111m" L 1m 
4 .JsJ II f Cl.I 4 ., I I CV v.J o '} 'J I t G .c::il II .di .J 

'Vl1elfl17,J71i'l b'lli.J1'Vli.Jfla.J0 b3JLV11fl'U ~V1V11fl77';ij17 b 'I.J'17'U b'ULb\Jl6'1::~n'U'Ufla.J6'11f.Jb'1'U me.Ja.J'e)Vl 
., " " 

LL\Jl fl ~7'1 fli.J 1 i.J-Ui.J \JleJ'U fl7 irtl1!6" qJqJ7 UJitl fl1'U 'UeJ fl,J7 fl,J t'li1 clrl 111iqi qJ7 UJitJ fl1'U LL"'1eJ7,l,lt'V171 ~ 

"7cl Lii.J0fl'1!1'1t11.:i-..i'Ui1.:i'!J1111V11 cl 1 tlL"cl LL\Jlb i.J'!Jrut L~cl,ni.J 1 'LI.ff i.J\Jle:ii.Jrn1tl-rt1m11JF11J"tl111'!Je:i.:im'V'I 

u el fl,J7 fl,Jt'Vl 11 ~m cl L'1i.Jtl fl'1!1'1-B'111:ff 'U LL~, v.:iV111 ~m'V'll 'W'Vl"'.:i m:i:: ?l' qi qi1 ru1t1 m'W~ L VI~ e:i eJ ~-B'111:fi'U 

Bfl~1cl ~,:iile,,i"~eJfl7iLLcl fl\Jl10fl'1!l'i ~.:ii1'Umi L~e:irn-i1'V'l1i1fa1J1e:ifl 'UL V1R'UF1~1,:i "l ilm111 

'<ij7 L U'U~eJ,:)L~eJfl 1 ie:iv7'1it~l111t1'1 LLrltfl7'V'l717~ LtJ'lv1L V1~1i1m,i,i:: ~v.:itlftJ 1 ~ilm11J L 'Vl1!7t6'11J 
' ., 

LL\Jlfl~7'1fl'U 'Vl1fl'!J'U111l'!JeJ,:).f17V'l~'UOUtJLL\Jlfl~7'1fltl.f17'V'l'V1L 'tlL 'Ufl1iVli;)rteJ'1'U117fl "l fl7icl1cl.f17V'I 
Q,/ Q !'l d1 il IIQ IV "' • ct ~ c:1 .J-=1 " "' QI • !'l 1" , 
Fl1lm btlrl71.JV1L1J i;J1Jfl11,J11JLL6'1'1LU'UV'IL!'l'1!1' 'Vl1eJ\Jl11JV'l'UVl'!J'UtJV1Vl1Jfl1iLfltl1fl'1!1'1Fl1lm b tlr17'U 1 LL\Jl 

1liilfl~e),:j'\Jl~eJ~tlmru~11JLL6'1'1 LL tJtJiml~ cl fl1iU'Uviflm'V'lv11cl1fifl1i~1cl "l L 'U'U'Vl'UV11'1'Vf~,:j 1 'Wfl7i 

e)'I.J-rfl~LL tJtJl'Ui.J1'U fl1i 1 iL VlFl'UFlfl11 LLclfl~10 fl'1!1'1 LLrttl'U'VI"',:) LL tltlfl11tJ-rt1\Jl11JF1111l L 'U11 LOV'11~ , 



G'!1'U'lleJ-:imw~tl1LG'f'Ue) 1 'U-:i1'U1~v-d' G'f1lJ1'Hl LLV fl\Jl'Je) fl't;1LL'1:::tm,"'-:i 1 'Umw~ifomw LLG'f-:i 1~ 
G'ftl1LG'llJeJ1\?l 

II 

"lJ elL fl \J e>LL \J: 
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'il1flfl111~vm11'tlLV1Fl'UF1fl11i.J1:::mmmmvn'V1eJm1'el'U"Sm;F1ru.rnY1.rn'rlcl1vA11.nfltJm'U , , 
'rl\J11G'f11J11t;1 LLVfl\Jl'JeJ ni.;1'il1nt'UV1"'-:im'rlcl1 VA11.iifl tJm'U 1~ J-:im'rl~:w LLG'f-:iG'ftl1 LG'llJeJ LL'1:::m'rl~ 

:WLLG'f-:i1~G'ftl1LG'llJeJ 'UeJLG'f'UeJLL'U:::~m1ii1L'U'Ufl11 :Wi'J-UeJ~-:i-d' 

1. m1~~v\'1i1 L 'U1A11.iifl tJm'U V1~meJnG'f111 tJ11ru~:wF1ruF11vi1-:i1\JlJ'Uu1111 L 'U'ULL \J\J~~i'1 
' 

m1:wm1n1V1'U~111m1~1'U 11.Jm1v\'1i1L 'U1 i'U1J1eJ'Ufl11V11~1 L 'U1 m1v\'1m111G'f:::m~A11.iifl tJm'U ... 
I I I C, I I CU 

fl'el'Ufl11mwn'rl 'll'U1~'1leJtf11'rlmv m111'1::: LeJV~'llm.rn'rlmv 1::: v::: m1mw11w m1'ilm1-:i 

LeJflG'f11ln'UtJU\J 1J11J111~11.JLL'1:::fl11~~ L\Jl~t111G'fmw LL 1~ieJ11~ L V11J1:::G'f1111.Jm1cl1 w11Y1 zj-:i:wm111~1 
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