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ABSTRACT

This thesis concerns with a method for unsharp masking for contrast enhancement of satellite
image. We employ the nature of wavelet transform that separates the original image into low and high
frequency sub-band images as low and high pass filter. Particularly, a number of high frequency sub-
band images consist of horizontal, vertical, and diagonal coefficients that contain detail of information.
Taking inverse wavelet transform of each sub-band image separately except low frequency one, we have
each of high frequency information in horizontal, vertical, and diagonal image. All of them are scaled by
the scaling factors in each one separately. Adaptive algorithm is implemented to results the suitable
scaling factor to obtain the enhanced image corresponding with the given criterion based on variance of
each area smooth and detail area. Experimental results show that our method performs well to high

enhance in detail area and low in smooth area.
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e k) Wag dg.k) nduauily ¢;,,(n) BARTI TTMIAINANTINIIINIAAN T IUAHDTUNTY 11ANTTUIY
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2 a 1 .: k% = 4 o I:: 1 z
reconstruction filter banks) 91NNV HYE IHmwIzlunsdivesHawmesuuedf luAIn 1IN
ad [ o o I's =3 ' o o o o = =
Tmsdunsizdamgduuuvesilamesuuedezisoniuu nvidansudWeiunduiuuiaaie

(Inverse discrete wavelet transform : [IDWT)
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2.5 msmnniaaanlynudeyamwluaasdia [7]
o o /q Yo Y ~ ) aad g '
msiwiaaunlszgndlanudeyanmiidiudeyadesiia unumvsudazyanmlugl
a o ¢ 2 ' o = o 4y o
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I
LLLH |  LLLH
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EHEL. | [HIL
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I
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I
I
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f
1
LLLL LHLL
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LLLH LHLH
LH HH
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uUnn 3

v & a d o an
HANNTIWHZTHUYDINTITUAIICHAYUIUNINAVADA

a ¢
3.1 MIUAISHNN (Image Analysis) [8]
a o a < o @ o A A o - 4 A
msmsizinwilumsiinsidmsuduiumsies uuavseusnuozesmlsznounse
@ 4 . & o
Inssadananaenveanmienfoya (data) niodoaume (Information) Fasuilulums 19udily-
1 v = a o u’: Ao w aa sSad
ma q Aol Undnumsimnzdiluduseuididguesmalsznanmasasauas 135msuuu
a . A o A ¥ = ' q Y a &
A097AA 099N (Trial and error) 1aen nHad19m LY Iy Tavldnquidulng L ldnadwsiiu
d'l o d' 1 n’:’ Yo o dld d' ] =l 9 Ve '
e laluenemuyud msizReu lumaniulgnudunlsnligluuuiniveunSeuduad s gy
g g a a L] —_— i ]
(random variable) NiagnauA INIgUuDMsAsTIWYBIAILUNEITIU (probabillity) fitiueu
thv: v ddew A -Aav ' uo‘a'yq Y] U2 fij
UAY Aaiuradnindnaiinuinetiedeeniiwaanii ldese Taserfunauidnveanudiiy
a a a Pl - | 9 a a o4 A:lyd o
st matansinsizindumsadonuazsiusin A ludalsyaugFuiifiiiiuinnunnuag

¥
GRITAPTETS LL‘UQE]@ﬂLﬂ‘HﬂQlJ oy 9 uaungy Al

3.1.1 M3USuuAINN (Image Adjustment)
= o 1 P n’:‘ ﬂ a A [ o = b
maiamsUSuuaenineunsuaiumatian higienuin amsoduiums 18
aswanilumsiszuananudeyaniwieglugdunuinanieieniimsiszunalumudea

Tamsuaiasu

3.1.1.1 MIMMNaY (Image negative)
matamsnimnavlamanmsadunIn Nl (Intensity) H3oA1TEAUFTIM
(gray level) YDIRANMN (pixel M58 picture element) BinguilumduiluilanFunsmdvlosudegali

3.1 waz@oudluanns (.1)

g, y)==f(x,y)+(L-1) (3.1)

Taof L dlusiuiuvesszaum
sz Tomlvpaunaiian 1T uuns va1w11n A MIAATIZHAINNIINMITUNNE 15U
o P . A Y ) A a oy oy Yy o= v
MWOMS)  (X-ray  image)  1HB49INYOYAVIIBE19019ANAUNTBYNAedayad1uRYe 1H

Y a
0191580 T UBUUUIN (Positive)
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g1 3.1 Heddunsdresumsiniwan

3.1.1.2 m3UFuunneuN @A ( Contrast stretching)
nTdiswaziBuaveadazesnlsenouuumnIaIsEAudmIanaefiuluuin
Vo 3 o A A o a ' & A @ '
Hhumaldunannuuanddin JaianusudulumsdsvudneunidansonisdSuuams
¥

N5LNMVBITLAUTIMAIAN 9 vuATIeEenIudumssuudsannuanveaniwldimuiy
=) 3 elgﬁi o o 4 o 3 ‘dy ar ) 9 ar ]
matdameamiilsiduvesnmsnsudiesy ldnasuuuiuduanudesnsvesdlainglivuda

aounsIdaveammlugula

3.1.1.2.1 maSuudsneunsidauuuitaly (Generaized)
7103.2 () sznaaslifuilsdFunsudosinlSundsnounsidauuii
T Tasimuaga (£, g,) wazqa (£, g,) Willugaii s lumsnauguzldsvesilesFunsudes
Unfudazaavesiladduozlinnuduiutseming £, y) uas g(x y) WhuSuduiiiimanuiu

1 ar o - s H 1 s _ o L] A =y 1 s ar
amanuim difadedessunmnaszaudm luusnasnandeufanuuana i uIuguna

lé%amu
L-1 L1
%,

(/f2,82)

g T
(f) g )

(fi-8)
. f L-1 0 f L-1
) msUSuuAsneunsdauuusia i v) m3USunaneundaLuu ouas

31 3.2 HardunswdresumsiSuudaneunsida
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(¥ ' ¢ T
3.1.1.2.2 msdiuusianeunsidauuum3osas (Percentage)

U2 (). waasiladdunsdresumsdiuudmounsraniudilym
ypamstSunasneunsidauuuinlyl  Taodmualdgdsnvesileandunsudwesudunuy land
2 a :: P a ' 1 v ' o v
Fafinsnlasundasisuisvuaseagiaas ifinnudeanisganiugy  uaveldfmualims
nlasumlaseglugivesiifovas nenvinmsldfaidunsuddesunuui lluazuuy lsninds
pniizduuudnlangnly ldvarinvate iu HenFuRanatauuuim@Fou (Gaussian error function)

do @ ¢ ¢ . 7o = : 7o ci
WINFUTVLUDTHUUA ( Rubber band function) HIN¥UIINNTDI (Square root function) WaNFUsINH

@14 ( Cube root function) Lﬂuﬁ’u

3.1.1.3 M30U¥9nuANYeIMN ( Dynamique range compression)
nsdiinmiinsgaudminsgaweglurasinhanmmuanuaimnsaluns
uanaraveagnsalliaanaileg srwaziBuavetesnlsznouhiisszaudimdn quiegann 4
" { o = o
sugasnuuanmendunamiu ldoinuazinansuiuanuansalumsuanswavesginsaiiaas
o q ¥ d ' o 8l @ o &2 A o ¥
pad I uemzdmnlanuduniemssaudimgs  Sellanusuilu Aesaanmsnszaisves
1 Yy ¥
sgaud@masfiGenimsaagannuanvesnm Netlmatialumsdivudsedisivesmsansaa
= - ¥ ¥ o 3 < o ag o =
Anvanvesmw A misudasteyamwauntuateienduaenmituasdunisn (3.2)

¥

q o 1 a o o
oannnmanauuy bi Faduvesnuyud Asi

g(x,y) = Clog(l+|f (x,y) (3.2)

Taw C Wlusnsidenldlumsisuuuna
U7 3.3 naaslituilaidunsmdvesulumsandasnnudnvenin Tavh

R finynnanuanvesmwitgaganeusziiimsan i lde C = (L-1)/log(1+|R|)

g T(f)

; o o o ] =
31 3.3 HandFunswdanesumsanrannudnveanin
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3.1.2 MIAOUMMN (Image slicing)

l o

¥
imsaseuyagu ssnlszneuuneiveanmiimsedudimdinIngegszdy

2 P ] & = = « o o Y @ = ay::a v
HUHINIDYIIW U Lﬂﬂuﬂ1Uﬂ1i1Lﬂ513‘ﬂﬂ\1ﬂ1]SZﬂﬂUﬂTWﬂwwuﬂﬁlﬁlﬂxﬁﬂﬂUﬂiﬁ,‘lﬂﬂ"luuliﬂﬂ’ﬂ

Py 24 " yva a o A @ A A ' AVe o o &~
MTIMDBUNIN “]fﬂulll,lﬂﬂﬂ'l'lll?‘lﬂ'lﬂlﬂtl'lﬂ‘lJﬂ?i&ﬂﬂu?ﬂf}ﬂiﬂﬂﬁﬂlﬂ%ﬂWQqWE%ﬂﬂuVlQVlﬂ HIU

¥
=1

TwazDIARal

3.1.2.1 m3neusznumusduda(Bit-plane slicing)
Mﬂﬁﬂmsaﬁammnf'ri]zLi‘lumitwmwzgﬂmwﬁﬁfiﬁzﬁuﬁmﬂuuw‘lum?
(Binary format) fif11 “17 waz “0” luiiafidesnsesnuuanslumwidvuezdaud sy asoni
m3feuszumud Ty q Wy madeuszumudduiiag 2 (2% Bit - plane slicing) Wil
Tunsdifideyavesmazaudmdealdmicsniuivua s i iavngaziuiaiiiudidysig
(least significant bit) uazdnungn uazdndoga sufudafiifod iaygeqa ( Most significant bit
Aofinf 7 Aa31d 3.4 uermadetuszginuamudidy TaveanmaAtaoauuy 8 Sauazilafdunsud-

WosuMIMoUTZIUMUAITUTAAITUNIA (3.3)
g(x, y) = (L-1b /= n=0,1,..,7 (33)

Tavi g ilumwesinil n vosganm f£(x,y) Miluonse

One 8-bit byte
Bit-plan 7
(most significant)

l ¥
i Bit-plane 0
2: (least significant)

L]
<
l T

I

3UM 3.4 Aetumuszinumydauiiaveanmaineauuy 8 1Un

| [ s s
3.1.2.2 MSMdUMUITAVTN (Gray level slicing)

v o

q‘:i g a a ' o ciq " ] U
ﬂiﬂl'ﬂ?‘lﬂ\iﬂ]i3!ﬂ5131’11’!1’!'1'€]ﬁﬂﬂ5$ﬂﬂ’U"ﬂlJﬂ"l‘iSﬂ‘Uﬁm'ImW'lxﬂ']iﬂuﬂUN 15

¥ a - v A A 2 v Aa o ay A
%zclﬁﬂﬂﬂuﬂf]'li!ﬂf]uﬂ’lllixﬂllﬁ'!ﬂ'llwf)ﬂ‘l‘llﬂial'ﬁﬂllﬂ'lizﬂﬁﬁl‘ﬂ'lﬂﬂﬁlﬂﬂ'ﬁUTLLﬁﬂQNﬁIﬂUaﬂ‘HﬁJ

) o = A o o ol ¢ ¢ s P Y= -
NANTTZALTINIDUN ﬁ\'lul‘l]'ﬂﬂﬂllﬂ U 'ﬂﬂﬂ“b'uﬂﬁ‘luﬁﬂﬂin“llE)Qﬂ‘l‘jl‘uﬂuﬂ’lu‘igﬂﬂﬁ!ﬂ'] 19



o(%,y)= {le(x, ») Sy =4A 6

sz(x,}’) ,f(-’faJ’)?ﬁA

" " ¥ b '
lagh C, waz C, Wusnadanidenls el C, >Cuazm C >>1unr A dumszdudimi
Y
ABINS
{ o 7 o o = o 4
N 35 wamslimuilandunswddesuvesnmsifiounuszaudin Nail
vransdl ifinnusudusedesaanienamisedudimou q danaldes I3 luaniwayld

nadidananm C, =1Tashim C, >>1

B g e e q
|
|
|

g(x,y) |
|
|
|

0 ]
II ]
9 A floy U1

1 3.5 Haddunsuddesumaiounwszdudim

3.1.2.3 MINBUMNYIITLAVAIN (Range gray level slicing)
MANANSROUAINYITEAU TN THANNTIFUALINUM TN OUANTEAVH-
1 Qr H or L - 1 o 1 é s lﬂ.
M uanaeiuassionszaum@muiiugrumumsenszaummeamila  dagii 3.6 waasld

a g o J o A ' @ e o
L‘HHWi‘lﬂ‘h’u‘ﬂS'I'U.ﬁ‘ﬂﬂi!J‘UEl\iﬂ'}‘imﬂuﬂ'm‘b"N'izﬂ"Uﬁm'l YU

g(x,y)=

{le (x,y) A< f(x,y)<B e

C,f(xy) J<Asfixy)>B

Taui C, waz C, Wusnsdiil C > Cuazm C, >>1uag A uaz B iflugieszdumimndes

Msiiia B> A
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[ . Ll — — — —
I |
| |
| |
gxy) : gxy) :
| |
] |
L |
} | J : - | | J
°  Apmps v A Byt

) aamsAufmnILensRdssmsauduaufienty v) aemszauamInenteigens 13

o

! o 4@ .
311 3.6 MeddumswdesumaBeumusieszdudim

=

1 = ar = = o A é (=] o 3 =) ' s
IWHIAUINUINAUANTIIRDUATNITEAUTIN "lN't‘]']i]hh]l]ﬂ’J'IlJ‘i)'IL'ﬂuﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂ1‘§$ﬂvﬁ
v

o 9 agllihdudegalii 3.6 (n) mneaun C,f(x,y) =K nSatsntldon 3 luanimayls

Aa31H 3.6 (v) ndinaeam C, =1 lashim C, >>1

3.1.3 MSULSEIUMN (Image segmentation)
u’; = [ n & o 1 u’:

UNATIMTUATIZHENNIzIIUTAY (object) VUMW FeSagmaniuvzgauonuvzoon

Yy  ax = e 1aa ' ' ' = o A A o
1adau3Tmsinannarsdwaitnisdie q isunmsmidmiiduuuiveaiag useduiiiiu
vouveaing llvunsznadsmsiadududou sumsmsivazdoaglsvesingiiudu dmsuns

u’: Y das ] ° Y d o "

nAapaiuiuRITMsd1e 9 K ldsaaswazannsoti hdszneveglussuunsdszunana

aa w a A " Y = ] L] at | o =
MuaIneasufumainduae il ldazainuazlianudangulunisdiuuaedaiisivazidon

¥
fage hil

3.1.3.1 MIATIDHIMHUTY ( Line detection)
a v “ ' o A ' A
matialumsasvmuuaduiumsuSsuivuassdudmsznaganiwi
a o a o o oy o o 3 = o =1 cv
Ansaduganmdinfss  MallsznhinhminnSeldanudinyiuganimihafvsiiineSoedn
] ¥
safuyamminvsaniuduassi 4 wwude  iduasslunundy idunsalunuiueu uag

o

Y ' 3 3 A A ' k7 )
LﬁuﬂiQi‘ultu’)1‘18lLU\“ﬁﬂﬂﬁN"U’IU‘Uu\lﬂ‘I’INUH‘U'ﬂﬁ'i’ﬂliﬂﬂ’ﬂlﬁu‘nxl.wq +45 uaxmumﬂuum

nzugaanduas luuuImzussnnuu lneaednonseis sndudunsus - 45° wuenu

waduiivzassemidumdude suaduueu ez aduBoning + 45° uaz - 45° i
nszUIUMIATI93 9 14 Taukininin (mask) w118 3x3 (@10 14valng)

il i sxs vde 7x7 A18 udvz g lumsilsznanaiuiy Snenadnii 1dTlszananm

' ¥

v & y da o ' wv ¥ ) o '
HOUAN LUHDIDTNAUUNTUATINUYUIATU 9 ﬂZ,‘lHN'Iuﬂ'ﬁmi']‘Dz‘lﬂ) "lﬂawwau*qwmw‘lumsmm

'
= o

¥ ]
neziimsdssuiana 9INMTHIZAIHIUMINAUTUM TN (3.6)
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9
R= Z w,z, (3.6)
k=1

Tavh w, iWusnimiinveaudazyauumima dsgiii 3.7

z, Wlumszavdmasaganmludumisinsetugauumiimn nanfe

Z, =f(x=1y-1), Z,=f(xy=D, Z,=f(x+ly-1)
Z,=f(x-Ly), Zi=f(xy), Z. = flxil, 3)
Z,=f(x=Ly+D), Z;=f(x,y+tD), Z;=f(x+1l,y+1)

Wy | W, | Wy a || o TN T Al 2 2 | 4 | -
We | Ws | We 2 2 | 2 -1 2| 4 -1 gl « A p ol (I
W | We | Wy o a4 2 | A 2| | 4 A4l | 2

myihmanall (v whmanouey  amInmMauIRe MmN+ 45°  Dmnninuua- 45°
514 3.7 whmnildlumsasaeunadu

msasnmuaduvesnm simihninne 4 uuu ldnsdeunuganin

A1 9 WwATUNNNM Awas i Idmuaunsi 3.6) inmilimnuAaziUUYeIgAN I 9
» " ¥
wiilu R R, Ryuag R, mudwy deisufuuuumiinnluziin 37 @) 8¢ @) nnduezdims
¥ [ ¥
nSsuiisumvenasuie 4 a1 |&I>|lemqnﬂwmj¢i i}ﬂﬂTWNUﬂzgﬂﬂﬂﬁu‘]‘lL‘ﬁu
AIUNTRVDIUAFUA WU YDINTINING |
& a v Y Y o o <4 a o ¥

vunsdinnudesmsassiuuadudnuazsladnyuzniiainenild Tas
- I, oy ¥ o & o 1 Any
@en1FMiNNUUINABIMSINFOULUTANNLASHIHATIWMNANMST (3.6) 91MIuaz A 14

SO 7 o ¥ v y_ 1y va v ¢ g
lnSvuidvunuaunsylsasndmualings  dainldlidaigendidunsylead yanimiu

o = 1 1 '&
i]$Qﬂﬁﬂﬁu’ﬂlﬂuﬁ’,]uﬁuﬂ‘ll'ﬂﬁlm']%ﬁu

3.1.3.2 M3a37911v0U (Edge detection)

a 4 o = L | a o 1 ar A o ¥
pantszneuniedagngniunnnweziidmuanssananazyduuunyi i
Imsagiounauananiy manuduuamiemszauimiilsinguuniwezaeandeatunim

o " ' A d v |
aunsalumsazieunasdnan  muoanuenlszaeuNmuAUTALUAIN 1doaiivenves

J - g o ' o 4 a o = - | =
panlsenouiin q uaasliiiiudanunienoudadany  osnnuTnadananiinsedudimn

sy s

1 @ w s Y =)
UANANAY A9 UMIATIIMIvEUYBI0IAlszNe U B InguUNIN DeldnannmsHaisams

WasuulasmszAaudmmng 2 uuIm  pamABHIMINISANTaNeas sl asulainie



26

" LY = 3 V| & a Poaa = o 5

AUV ‘luﬂmﬂauuuﬂmmssﬂnmm PUTUNI ITINTAYUA (Gradient method) HAZHUUINI
= a = v 1Y a ' @ &4 " ad =

m‘swmsmwﬂm1m'51‘1Jauumemm1mu1ummJaUumlmmizﬂua’m1 FaFun A5 usU

(Laplacian method)

3.1.3.2.1 ?J'fil!ﬂ‘ilﬁﬁuﬁ( Gradient method)
samilsznoudaulvglsinguuainiiaisedudm ldasuaue
uenIANAvBIAIsEADTIme el hiimsnlaounlamioonezdl uadsinguuy liuda
@ a 3 a 4 & - l: d? ' e o a
madadulaiuinalaiiuvesesdlszneuniianie hitu Yuediuanudulumsnlaounlag
3 ¥ ]
MszAuimiganiinmsslead duiumsasomveumuuuanaiiorlinaiiuandiaiu ez
9/
Yusghumsimuanunsylean
4 ad =) o ¥ w a a v
R4 3TN IAsuATE lFrannIsHIsaINIs ) Aeunilasvesn
o A = a [ =3 o a @
szavd@imivesganin srilmsulasunilasediesiasa wgadmualfiduuSnuveuvesiag

¥
s

¥
=
MU

=) L3 o v ' o
UNTRGUAVDINN (X, y) M AWHUS (x, y)si'fluﬂmnme'i

il
G| |ox

Vf = 6| o 3.7)
dy

TasRuwpvessngees VFdlsmaiinnudidglumsasnasuvesing TasialUiGoni

1 =3 é =) 1
AunsiRoua deliuaminy
_ _ 2 2
Vf =mag(Vf)=,/G," +G, (3.8)
Tumalfia el hwaemsanna wimsisznasunsifouddomduysel fie

Vf =[G,

+[G,| (3.9)

msmeyiuites G, fu G, HldTaemsldnimin (Mask)
M39M1IA18 (Window) M50/ INAWIUMS (operator) vwia 3x3 flimduilszdnidauanaluzld

A ] ar ' o = Y v & w o a = o c?
3.8(n) WeT8USTUMTEZAVTIN PANTHNTDAAADINU FIAIAUUUMTUUAUUVY AU
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3.1.3.2.1.1 fdniiumsunuvlsndinnseansifiuns (Robert — cross
. ad a say 9 o S P Y
Gradient operator) 1y Isiiisansoansifous 19mininuua 3x3 fa1 3.8 () ezlda

L] )
DYNWUDUDUMND

G, =25~z (3.10 1)

Gy=|z5—zs| (3.109)

3.1.3.2.1.2 Mduiiumsuunlaua (Sobel operator) HIAUHUMNT

sunTaua Wvdninuina 3x3 dagil 3.8 (a) vz 1dseyiutdoniie

=(5+2%+% )-(g+2z+2,) (.11 1)

GX
G, =2+ 2z, +%)~(z+ 2z, %) (3.11 %)

3.1.3.2.1.3 MMEIUMSUUUNIINA (Prewitt operator) AIAITUMNT
e o 1 = @ @ o =Y 1 ) o - a r s w
nuuAIeg 1dvihnnuine 33 wuReanudduiums lswa  ualimdulsinsuanaiaiy a9

51 3.8 (3) vz 1dRoyutdevie

G =2+ 5+5)~(g+2+2) (3.12 n)
Gy:(Z3+Z6+29)_(21+Z4+Z7) (3.12%)
z | 7| &
Z, Zy Zg

Z, | 4 | 4

0 0 0
0 1 2
0 0 -1

wihmanldfmami G, uaz G vuia 3x3

@) sduiumsuulsiisaasoadingifous



A | @ | 4| o] 1

o | 0] o0 2| 0] 2

i3 |1 A4l 0|
wihninldfnum G, wihmnldfuaua G,

(M) A uHumsuuuIsa

. | o4 -1 -1 0 1

ol oo 4| 0| 1

i 4 | 4 ER
wihmnldsium G, wihmnlddmnum G,

(3) MIRUTUMTUVUNS INA

31 3.8 Mdwdumsnldlumsfrnanunsifoud

3.1.3.2.2 sanlauduy (Laplacian method)
o = 9 ar = ;:: ] = 1
Mardangeu lgnanmsinsamslasunilasaunsifeuveen
@ A =t " & o o ' oda o Y v 4 & a é‘ o '
SEAUAMDNABNHY Uaz MM UARIUNUINLMIAAAIBAIGUD (zero—crossing) inAvMWITUA LMY

3 ¥

N s [ a a1 o W 0 aa
YBUYDITAY NIUMIMADYANUTIDEOUAVADWBININ £ (x, ¥) Aomsmmiandandounuy 2 §a

AETuMsN (3.13 1)

2
a{ (3.130)

0° f
vif=2L
4 ox* b ady

wihmnveaitan/audouviin 3x3 wildulsz@nsuandaiunatouuy §a317 3.9 nazdeia

ms TFMAuTUMTIUL 4 w83 (4-neighbor) a1 WU I UAUTBIVBIRANH £ (X, )

=

o

Vif=4z,—(z,+2,+ 2+ ) (3.13 %)
o | -1]o0 A |9 | 4 2| 4 | =2
A4 F 4] 4 A | B | = 1| 4|1
o| 1| o "IERE 2] 0 | e2
s ¢ ] o gy
) 4 103 ) 8 LUIUDT ) 8 LB INULNDD ﬂ‘l‘l'fﬂﬂuhlﬂ

U 3.9 wihmnildludiduiiumsanlandou
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3.1.3.2.3 MIATIHIVBVHULUAUH (Canny edge detection)
=t s s = dq 3
msasmveuiuuuauil JumsdanlaaisinsRoud Iimumz oy
fumsasamveuvesesnlszneulunwhiidyapusuniu uasguuienuly 3 Uszmsaail

o w

n liiRannuAanatalumsasamveviidify uaz linasiing
m’mmﬁﬁﬂmﬁﬂ‘ﬁu

¥) MIUIVONAMHUNUBIVOY ABITTLOLTTHINIMUNUIIG az
ﬁnmﬁqﬁﬂ:ﬂwam?’uﬁqﬂ

a) Sriidmaeimlumsasanwenvesvenlaveunile miides
figavzilumvesmsastemueviiuiess eudilymdyaiusuniuiiiinadenismarluns

1 [ ¥ ¥
AIIVNI1VDU gﬂﬁﬂﬁhlﬁﬂj@ﬂﬂ"lm‘mﬂ TUADUVDIITMIATIVWIVB VUV VUAUT ) 4 TUAOU AD

dunouil 1 Hawosuuunyui iveaanoudyaausunIu Asauns 7 (3.14)

n

1 2 1
flx,y)= = 2 4 2 (3.14)
i 3 1

o 1 " < A . . . .
Taon n =2 1Mva3mAunlsUsIuveamsnsznouuLIMAIEeY (Gaussian distribution)

[

a3

=.

¥ v il
Tunoun 2 MMsMuIaLsRoUAMUaNNITN (3.10) uaz 1Fd IR uMsuUUNS 306 38

@azld
Vf =|(z; + 73+ 2)— (7 + 2, + )| +|(23 + 26 + 2) — (7, + 2, + 2,)| (3.15)

¥ » ¥
Junoui 3 hmsisziiiudganiniiat insiAvuAmWIZdugIgA(maximum local gradient) W38 1

auuanunsiAsuiveazyanmlunseuuIa 3x3 JAuMny

Pl P2 P3
P4 P5 P6
Fr P8 P9

mimsinsauulSeufivuaunsifoudvesganimnarafuganimou q Tuuundunsadie g

»
UszNOUAIL LUIAY LUIUBY HUINLBA + 45° LAz - 45° 81 PS5 > Pk NAAT k #5100 P5>0
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3

M3 18adR1 (Low threshold value) T, uaasdnm Ps ilusunsidoudinmziniigaga uazazim
3 ]
danan lldnnuauduaoui 4 ae'll
o - S ¢ o 7t . > Yy A &
Tunpun 4 MINUNIY leaauuUanNB 3B (Hysteresis threshold ) YUADUFANIEUY nduaeuns
w a 1 = o PR [ dw
aadulaiganimuiia q Wuvevvsssdilszneunie lufiionly 3 Uszns dail
o o 1 ' o
® JAMHNLVIANTABUAYINN AN Y 18AAGT (high  threshold
3/
value) T, yammsiusziiluvenvetesfilsznoy
= o d?‘ {] & kY a ¥
® 1NN MNUTENBUAUTNII ULV VIUINIG 9zABIliBE1IBY |
3 Aoty = o 1

ganwlunutunaunshsuannni T,

et = a 1 ] 9 o A -
Oqﬂmwmmmmuummmm TH ua:"luaaﬂﬂamnmaau"lﬂmaaa

azgnéneen i

3.1.4 mivlames (Image filtering)
'd a 9 d.l o = = a =3
msiamesnmernda i luFesmsiSuljaguaiwueanmusenisins1ziaIm
yd” [V ) o E o A o L dq? &
Taaumiaglseassuazithvune SinmsHlamesnmiilusesveamsildnimgadunssuans
a A Y Y o 4 4 "y e o P “ A
s1waziBuaidoans Idanutaty uadimsiamesnmiiulwSeemsueaminvazideaiiio
1l 1d)se Temidudude luda frnsada Bluseansiinsziam Idaudy
¥ ¥
dnanmaeiuiadiudyans 2 6 luTawuadFvavesdulsmnduszoznia
1 ' i ¥ ¥
Tagfioraudas 1w lalogluTamu 2 Gavesdaulsarmiluaaiud vaz liduduniedinindy
¥
] 4 o a =
(orthogonal) Tautuutl vureanunszuIumMsHoamasmmausoauiums luTamual usoa
n3aluTawunuan 18 lunmsuanindineanin Tawualwdoalui Tawuvesnudm 1d Tag
a 4 aa " .
laswsnsudresuuuufania 2 17 (2D discrete Fourier transform)
msaufiumsluTawunnuduaasldasgdd 3.10 Jogann £ (x, y) szgndnu
MuoSwsnsudesunuudaniadiodanesty FFT vz ldnadns lulamuvesniud fe F(u,v)
¥ 1
amiuee Tduflames insmdiiosHandu  (transfer function) F(u,v) 32 ldwamsilames
¥ [
G(u,v) nmiummsnnuadesunduszlddoyanmlulamuaidoa g(x,y) Hameingmi
o - o 1 & 3 o 1
nlFmusam ldfidunuuganadlddegdi 311 Fwaaeamlnafuvesilamesuuuaia

A o = 4 ) H 0' ﬂ: Jﬂ.
FamsaudayanusuniuluFnnud Hamesmunnwda Tugdi 3.1 (n) vzgnidenldan Tavh

F(u,v)=FFT{f(x,y)} (3.16 M)
G(u,v)=F(u,v)H(u,v) (3.16 v)
g(x, y)=IFFT{G(u,v)} (3.16 )



flx.y) Fluv) Glu.v) ax.y)
FFT H(u,v) IFFT

31U 3.10 szuumsyszaananimainea lu Tawuvesnnum

] 40 a o 1 -
(m Hawasriuanuam () Hawodrmunnudga

31 3.11 anlneSuvesilame suuugAund

ioaninmanuidi ez aenndeeiuiumas (vackground) vosminiiimsnlaoy
uwasvesnuduediadia luvurisinnudgeaiuszaeandesfuuinnvouveoad
Usznounioagquuamiimsnldsundasesnnuduvesaseiusads  vinaudludes
anudiusdanan wwihlnssuaumsamesisuiumslumidoalawui 185 aduaz 19

] ¥
n350359109 Taems 14mmn (mask) vuzeay matdamsdawmesiisail

Y é o
3.1.4.1 Hawmasrunnudm ( Lowpass filter)
Hamos uTawuaduFsan1ld lasnisldudininvesdiduiunisinae
[l » E
ATZAUTMYDIgANIMBUTIAUFANINHADINT uuImnilszasandesfumaiianmsinwiiii

(bluring)  M301WUIA (softtening) T 1ziluNzTIWMTEAUTIMVEIAn W IHLTHU TR

Y 9 o o v a 1 L | a o a 9

Wideiu  ildaamsndsunasvesmszdu@mluusnaninsaiaswuiaveantiinineg
] 1 . [ ' v v

asandoatunInuddaveyTasfivuiagaliu vuiei Arndudfaveutadias nifininild

s

WawosHmuaudddaglii 3.12

B3R i

EESAEY FIT0aL1

111 e | FEYTELY
Eali 1] mmli D11 ix1111111
141 25 Eddl b FLENEL 1
[ BETL L R
FRESEANRE

YUIA 3x3 YUIA 5x5 VYUIR 7x7

U7 3.12 wehmndmiuilamesiunnuddm uTawumiFvaiuunaniag
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§)

3.1.4.1.1 Hamaslulamuveaniiud

A9y a

aan ldatuioumdl  nszuaunmsdszuraniwlulamuautezdos

o a o o o = = [ : =t s = o 9 Y o
WswsnsmdvesunuuAania Aniussuy H(x,v) Igudnyuzmunsimua 1331w 1ding
Hawosarnnudesals

3.1.4.1.1.1 Hanoigaund (Ideal filter)

w219 H (1, v) mugii 3.12 n dsgumsi (3.17) lumsianmsmnay
A o &...5 & e ' a 4
D F(u,v) muaumsi (3.16 n) nmiuwhimsnsudresunay legluTamuemidoa amaunsi
(3.16 1)

1 AE+vt 2C
Hu,v)= (3.17)

0 AtV 5 C

Tagh Ciflusanuddavey

3.1.4.1.1.2 Hamesuutinne 1335 ( Butterworth filter) 12 1¥1/510g)

7 " o 2 . 4 J @ A a ot
NMIUNETININ ‘]Ji’lﬂgﬂ.lﬂ']ﬁﬂ‘ﬂﬁ (Gibbs phenomenon) m;i‘luixaanmmmszﬂuﬂmﬂumnmm

b.
R

o

o 4 o v
msasundasge Tasmwnzveuvesesndszneuilvguainvesninanas Hameinil
w = a ' 4o o ' = ° v s
dnvazmsnlasumlasinusinnuddavevednnsuiiudeslSagmiun 1dununazilanes

sad o =

i a Y 4 a’
ﬁUUui%ﬂuNTﬂﬁﬂ Hawesuuutamesiss AuMIh 3.18

1

Jul +v* "

€

H(u,v)= (3.18)

1+

e @ a o i 1o o
Taun n Lﬂuﬂuﬂwmmﬂiﬂﬁﬁtﬂummmumuum

C Wumanudaaveou

3.1.42 Hawasrumaduige (Highpass filter)
Hawmos lulamuaduFvanir 1@ lasldniininvesdrdauiiums Tnold
. v
HANMSAFIIANVIANAIIYBIAN TN NABINTBENIINgANIHIIGAEY  uuamauildiuuuama

ReafumsiInIml¥inuda (shapening) wimnoziivuig 3x3 daaaslugii 3.13
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-1 -1 -1
lx -1 8 -1
-1 -1 -1

31 3.13 whmndmsudameskiunnudgaluTawuauioa

3.1.4.2.1 Hameslulamuanud

3.1.4.2.1.1 Hamesgaund (Ideal filter) 9219 H (1, v) Az 3.11
’ ' ¥
() TumssamsfimIuaNud F(u,v) mwaumsh 3.16 n) niminiimsudasndyluogTuTamy

a1 @samuaunsh (3.16 a) Taof

ANt +vi<C

0
H(u,v)= (3.19)

1 A+ >C

o

Taon ¢ dusinnuidavey

a d or dad o
3.1.4.2.1.2 Wawmeasuuulinmesiss ( Butterworth filter) ﬂﬁm@i

LY o a c{ ' a e [ dy
‘Uﬂm'ﬂ‘i!.'ZI‘;‘E‘VIlﬂuLL‘U‘UN'Mﬂ’ﬂMﬂgQHﬁﬂJﬂWS?N'u

H(u,v)= (3.20)

o

Taon ¢ Wumnanudaavey

3.1.4.3 Hamesuuuiisugu (Median Filter)
Hawosuuudsogmgniaueldieutilyminiianinms I4iame iy
R A w b4 1o Y "W o o o “ o
aamIq 1 Aemsandygrusuniuaslalaghivhldnmwsniumin ndnmsinuvesilames
suiisegu Ao msndeuninmsldaundovesiszdudm ludums ldmsequdmivesganin

501 9 Miffusisegnumu ndnie
g(, j) = MEDIAN { f (i + k, j+1)..,(k,1) & AG, j)& LX L) (3.21)

Taon Lx L dluvnavesnim A ¢ Lx L iuswaessniiimnusadames
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a ¢ @ =
3.1.4.4 Wamesuuulisengunes (Pseodomedian filter)
- a 4w 4y o w v & 7o
Weanndawesiseguiiveiinalumunm lumsdszuanadaiiuiansu
o L4 = o o o % =1 =1 o k1 [
o InuiFsuiusnavesmiimnfamesnuuiseguisudagminnlFauuny wdnmsves
Haweosuuuisegudsussiihusudsifuilane s isegm e MsMIANTEUgIUTDIA
sEAUTMYBIgAM AR IS ougadiaufos  udaasuIuganninaRssasundeudluuuaf
' cz [ c:{ A ' ' o ' ° o " d'
wazIueuINY. fagih 3.4 Falulalemisegulasase uadenilusmummndeans

ao lifaerunisn 3.22

P vitomedion = L Max{min(P4, P5, P6), min( P2, P5, P8)}+ Lo {Max(P2, P5, P6), Max(P2, P5, P8)} (3.22)
: 2 ]

P2

P4 | P5 | P

P8

317 3.14 ganmn1Fludnseaisog nuitoy

Hawmosisognuiion Iaadayanusuniulszinnvednuoudnlunlesd (salt

Vet A J | - Y1 "o w &

and pepper) 144 fipaninnaiusnmeunilovesaumsii (3.22) weldmndesniieisogu
mzaudenisaadyy s unIvdszianyedn (Fyarausuniuiiiugaiaiszdudim
gendgamwdiafo) wazwninaeamenilevesaumsidivaiu s ldmnnaniisiisogu
uazminzavdemsaafyausumulszanules  @yanusumuiidugaiimazdudin

Anganimdiafo)

3.1.45 Wamesunannudga (High-boost filter)

A L] = a 91 1 3 kY
Luﬂﬁil'lﬂﬂmﬂﬂiﬁ’mﬂTIllf!Q'QE)'I‘EIWWISfu'lulﬂ’ﬂlﬂuﬂﬁﬂ"ldiS‘H']Nﬂ'I'WWHHUU

'
0

= L] do W
llaxﬂ']Wﬂﬂ-luﬂa!.GIE]SW'Iuﬂ'T]lIﬂﬂ"lu'Uﬁﬂ

= 3 o

MnHanesHIuANEe = nmAuRTy - mwnnamesruautm

s : d:iy Y o Y aa P ' @ o 9 .-3‘ &
aaiulunsfinaeemsuaas iuusnufinsulasuaswesiissduam ldFanudueziaiion
numsifiuAnudgeluuinudng matiadenanisond Hawmesonsnnudgs Taomsiiy

YUIAVBIMMTLAVTMVDININAURT Y U



mwnnflamesonauiige = (K) (mMwduniiu) - mwanilamesnnuda

= (K -1) (mwduatiy) + nwoinfamesiunnudgs (3.23)
Tagh K > 1 dludinein d1 K =1 92 IdWamesrimnnudgesssuam

=) w ¢
3.1.4.6 Wawmoseyius (Derivative filter)
Haweiowius Idmatiadednunisasivmveu Tasisinsfeudineouis

Inuiinsaldounlasmszdudimmn  eonn deaeandestumsaueinianuigieenin

' ¥
[=) @

"o ' o o ar o [ = [ o 1 '
U HUIER1IUM msmuwmﬂammwwuﬁ%znJumummnu’ﬁamasmummmmm AU

L'l

Id
=y o ar ] 3 Y] o W @ e A 1 = v ad =
WawmesoyiuiezinnuuanmaiulasiufudnyuzvesiiduiiumssuReiudtinsnous

3.2 nﬁﬂ%’uﬂ;aqmmwmmmw (Image Enhancement)

AT IMLAINYANT e adruwu Bilgmlunisduiinnineinnuunnseeves

o =R =) u’c:i b L= A A 1 [
nszuIumstiuin niegunsaiildlumsiunnnieldyayusuniuluszninmsdedoyanin
1 [] Y A a ] F 3 o [ 3 U =t @ w
HIMF0IM 3 TomM3 Lazdue nmiunnIesszaes lasunmsuSulgaazud luswdsrvudya
o 4 o :1 ° Y 3 [] =4 o o =
1 e W lddeyaniinnugnasandeudissiin ll1Fmudu1dae 1 otielsia dmsunmi
' ¥
Wudgaa 2 1@ Auenienfinsandmualiuaasia lifinnuduing g Taomsuouiiu
o = ] n’:‘ T aad v o o ' = d? A
dygagduuunids  uavnaswdazialanuduiuiiuedsdnguievsslugiuuuves
a [ ) o (Y] =S A a ]

pandsznouuazinga1eg madalumisUsvileguninvesnindalinsdautseoniiu 2

1] ¥
wIniuanaiumumanmsdna 1 wazamainlunguilifumaida@odufumsiinszd

=Y [ L o = n’a’ E LT | .dy
A Hsannndaguseaea lumsiumataiugu vy daae 1udl

3.2.1 msmmnldnuta (Image sharpening)
ar 8/ ' 9 a9 [ 1 q' ° L [ &
m”lﬂnmmmm ‘1uwwamaammaqmumwaqq ﬂ']i'i‘ﬂﬂ?ﬂiﬁﬂﬂ“b’ﬂ fAanig
o Ao a’ = -~ o A =
ﬁﬁlﬂﬂ‘iﬂ’ﬂhﬂﬂﬂlivlﬂilﬂ%llﬂi&ﬂ’]uﬂ"li 2 BUINNNAD mmumﬂuTmuuﬁﬂuwauaﬂuhmu

a4 e da 1 ° EY o A o & o PR P
AI1UD ﬂquuﬂdﬂ%uﬂwﬂ"IJ'E]Qmﬁ‘n'lﬂwﬂ'ﬁﬂll‘ﬁﬂ%zmnﬂuﬂﬂ‘ﬂdﬂ‘ifu‘lf‘f)&ﬂﬁmﬂiH'Iuﬂ’l'llm’s;l’ﬂ

322 nwﬁmm‘l?’ﬁjumn H3o i (Image softening or smoothing or bluring)
1 = o o o da o e = o ]
L‘Imlﬁtl')ﬂ‘l]ﬂ’li‘l’ﬂﬂ"l“ﬁlﬁﬂu‘h’ﬂﬂ1]ﬂ'ﬂM?I'Elﬂﬂ’gﬂ\iﬂ"l}ﬂUﬂix‘U’]uﬂﬁiuﬂ'ﬁﬂmﬂ'ﬂi e
o ) o a 7 i o o A&
msimnIdjuuiaszassiumsilawesrunnuiiar Snszuoums 2 uuama fe duiiunisly

=) { = é ot
Tawumlugvauaz uTamunnuduenninidaglszasnondsgnisuilaveanisisulga

t4
AUNINVBININAIUMATIAG D NTaANAYBITY AT UNIY

v
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3.2.3 MINITNWMIalALNTY (Histogram equalization)
matamanszowmdd launsugmirvlllglunsd5vilgesineunsiad  (contrast)
shauzgJ & ey il ey Y o 9 k) ar Y '
woanmInasuFuuITmsndeuldiuuinmsizir 1dde Tasldvannis 191505291061

g launsuvoassaudmasanmeiuaitauauiniga Taverdeainnuiinziutigo daaums

#t (3.24)

8k=T[fk}=ZP;(fk)=Zn—k ar=0 L. (3.24)
k=0 k=0 1

]
U o A =t

Tauf n, AesuIugAMHRIHuARTMsZADTING k
7 ADTIMIUYANMHAIHUAVDININ
p,(f,) femanmhnaiuvessyduiimi &
= " A @ A a a s =y "
£ fedunlsmnunussau@mn &k veanmnozliulalimsgnin o uag |
g, AoMszAudmvesnmimiumsSulyuds

T fAsmsnsmaresuuuyluFadu m=0,1,...

e ) e
3.2.4 MIuaNUKIANNIFalaunIN (Histogram distribution)
msuenueemaa Taunsuiumsdivlsanninmaiianisnszowaidalaunsy
Yy A ' ] L | VA v ' et
Tanutangulumslsaumuin esninmsiennemda Taunsuez 1ganunadlunims
' ¥

nsznemdd Taunsuezldmanuinzduiinsuenussugivesu(uniform distribution) 1111
=1 ar 1 9 Y g
valSuudeIannsouvnuee ldvanvaisiu

auydld u(@) 2 0dudulsduuundeiiiosfiiminnumuunivvesnnuinziy
A o J 1 0 ﬂ yﬂ u’: qy o
A9 p, (1) LAEMINUUARIA DU UIHUUBIANINUIILL il p,(v) MU Uszurunmsnsud

Wosueziiluese dunlsguiimsuvnusanunyiivesy siufe

w [p,(x0dx = F,@) (3.25)
0

w2 [p,(y)dy=F,() (3.26)
0



v=F{F,u)) (3.27)

& da ¢ ¢ o = o q VY a9 = o ' a  a
FapAenszuIuMIns wanesunauimh i ldnmawidesns Tunsdivesdulsquuuudansa
u(n)waz v(n) 920M x, waz y, Awdau uaslmanunily p,(x) uag p,(y,)) mudiAy

Tagh i=0,1,...,L-1 uasinszuaumasuneiiunsfisulsquiuuaniiios fie

w2 > p,(x) (3.28)
0
nag
k
w2 p(y)  k=01,.,L-1 (3.29)
0

o 3
o Y Y

‘; Y- =] = ot dw
NHDANDIT TUVDINTUINUIM T lannsy TTuADUAL
® iIimsnszneada launTuuedn MALRITUAILANNITN (3.29)
* fmuauuumsnszsmanEIiuYesnudEdiu p (y,) muideans
HASAIUIN W
® imsuasndumuaunsh (3.28)
1 [ v - 9 =)
sUmMsuAuIs A NIHIINYeInistuden 1d 3 wuu fe
1) WU NauD (uniform distribution)
2) BNUIIVUWIS11Uan ( parabolic distribution)
3)  LUINUVLIBNT InuuFua (exponential distribution)
warmsnudesunduiizUuuuIiiden s 3 uuy wuriu fie
1) ﬂi?ﬂﬁ'ﬂﬂf’ulgdlﬁu (linear transformation)
o o i %
2) ‘ni'lu’:’fﬂEiimm‘uwﬁﬂua‘l(parabohc transformation)

3) niwdesuialy (generalized transformation) ﬁmmmszué’uﬁuﬁﬁmmﬂﬁ
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J 3/ L Vv
4.1 msuenesnlsznevuazmsailanduvesteya
o ¢ (o ¢ & Y & \
nvliansuaresuuuuenesndszneunaIsnsa szgnlmnonszaedaulsynouueanin
1 = 1 ' : ' ] U & 1 ﬂ!; " 1) l:i c‘
onifludiug TavezSenudazdnniviingudes Falszneudivdiuveaniwiioglugaannuia
L uazgdmnegluagnnnudgs H U7 4.1(n) waasdiemsuonesniszneuvesdyanmninlnd
"o 2 & "o 4

sanflungudes Tudunoui 2 nqudssezgruoneamlszneussnindailszneudas LL, LH, HL
uaz HH laefl LL fongudesvasniiude uaz LH, HL uaz HH fugiUnmluiiuen mnduag
uuIMzIes nqudesvesnNnge uaziudiuiiussyswaziBeaveannidesnising Tugii 4.1
LR 4o d‘ o aa s o o
(M g waz hifuRawesimanuiduazanuiiguuesnisusnesiszneuiidmoanuidy Tugii
o 1 1 ' = = a1 o o a
4.1 (u) uansdamsadanduveunaznquios Taoh g uae b Wuiamwesiuanudauazanud

FAVBIM A NNAUVVTAREIMLE Y

=Bl [ LL LL g
g (112 g
b Hial e LH-2T1~ I i
m . . afandy
— g HL HL—2T1 4 ¢
h A w
 h HH HH-211 | b -

(M (V)

JUi 4.1 Tasesrweanvidansudwesy
(M msuwneamlszneunwesmilu LL, LH, HL, 1oz HH.

(v) M3ard1enauved LL, LH, HL, uaz HH o1 1dgaawlu)

a =t 4 d ° i o
nylidavesanvesFavidauuuiuiy  (db4a) szgminnldifioduauamaidansud
Wosuuuy lideries OWT) WemmdulszAnt luaisen 4.1 szuanstemdulszansvosms

ol o = ' =
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ABSTRACT

This paper concerns with a method for unsharp masking for contrast enhancement of satellite image. We employ the
nature of wavelet transform that separates the original image into low and high frequency sub-band images as low
and high pass filter. Particularly, a number of high frequency sub-band images consist of horizontal, vertical. and
diagonal coefficients that contain detail of information. Taking inverse wavelet transform of each sub-band image
separately except low frequency one, we have each of high frequency information in horizontal, vertical. and
diagonal image. All of them are scaled by the scaling factor in each one separately. Adaptive algorithm is
implemented to results the suitable scaling factor to obtain the enhanced image corresponding with the given
criterion based on variance of each area—smooth and detail area. Experimental results show that our method
performs well to high enhance in detail area and low in smooth area.

INTRODUCTION

Generally, the unsharp masking algorithm (Polese, 2000) used a high pass filter to generate high frequency
components which consist of horizontal, vertical, and diagonal components. Consequently, they are separately scaled
by scaling factors suitably resulted from adaptive algorithm—Gauss-Newton algorithm implemented. As the same
concept, in order to generate the high frequency components or multi-resolution sub-band images, 2-dimensional
discrete wavelet transform (2D-DWT) and 2-dimensional inverse discrete wavelet transform (2D-IDWT) (Mallat, 1989
and Daubechies, 1992) are then applied for decomposition and to reconstruction, together. The output images of 2D-
DWT-IDWT are the horizontal, vertical, and diagonal. images, only used. In this our study, the four-tab Daubechies
wavelet algorithm (db4) is only implemented. Others does not consider here. The objective of contrast enhancement is
not only increasing variance in detail area but also unchanging or low increasing variance in smooth area. The local
dynamics of each image, which consist of local dynamics of the input-output image, the horizontal, vertical, and
diagonal images are then computed. The desired local dynamic is computed by scaling local dynamic of input image
dependent on the area to require enhancement. Difference between the desired local dynamic and the output one as
error value is used for adaptive algorithm to generate the suitable scaling factor. Each high frequency image is
separately scaled by the scaling factors. The enhanced image results from summation of the scaled high frequency and
input images.

This paper is organized as follows. In Section 2 wavelet transformation is briefly described: in Section 3 adaptive
unsharp masking algorithm by using wavelet transform for contrast enhancement is described. The experimental results
and conclusions are given in Section 4 and 5, respectively.

WAVELET TRANSFORMATION

Multi-resolution wavelet transform is used 10 decompose image into coarser resolution images which are called
sub-bands consisting of the low frequency approximation band and high frequency detail band. Figure 1(a) shows the
decomposition of the original image into a number of sub-bands. In second level, sub-bands consisting of LL, LH, HL,
and HH where LL is low frequency sub-band image containing the most important feature (the highest energy sub-
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band). Others—LH, HL, and HH are the horizontal, vertical. and diagonal images. are high frequency sub-bands
containing details such as the edge information. In Figure 1(a), g and h are 1-D decomposition low-pass filter and 1-D
decomposition high-pass filter, respectively. Figure 1(b) shows the reconstruction of a number of sub-bands into
reconstructed image and g’ and h’ are 1-D reconstruction low-pass filter and 1-D reconstruction high-pass filter.

respectively.

L. g —1.o— LL LL—i— g —
1 — e v -
3 —— Lo ‘..42_. LH LH—2"14s h* —
imige — ente — -— image
1 i Eii— HL  HL—2t— g
] 8 e Eeili B —_—
h Hu —— T St —
S — h fio—~ HH HH=21— K — —
(a) (b)

Figure 1. Wavelet Transform structure.
(a) the decomposition of image into LL, LH. HL, and HH.
(b) the reconstruction of LL, LH. HL, and HH into reconstructed image.

In this paper, the four-tab Daubechies wavelet algorithm (db4) is used for computing discrete WT (DWT) to generate
coefficients. Table 1 shows the decomposition and reconstruction filter coefficients of the four-tab Daubechies wavelet,

respectively.

Table 1 Decomposition and reconstruction filter coefficients of the four-tap Daubechies wavelet.

N h g S g
0 | -02304 [ -0.0106 -0.0106 0.2304
1| 07148 0.0329 -0.0329 0.7148
2 | -0.6309 [ 0.0308 0.0308 0.6309
3 | 00280 | -0.1870 0.1870 -0.0280
4 0.1870 -0.0280 -0.0280 -0.1870
5 | 0.0308 0.6309 -0.6309 0.0308
6 | -0.0329 | 07148 0.7148 0.0329
7 [ -00106 | 02304 -0.2304 -0.0106

ADAPTIVE UNSHARP MASKING ALGORITHM

Figure 2 shows a basis block diagram of the unsharp masking algorithm. The enhanced image v(n,m) is obtained

as following equation:
_v(n.m)'= x(n,m)+ Az(n,m) (1)

where x(n,m) is the input image, z(n,m) is the correction image which is high frequency component from wavelet
transform of the input image, and A is the positive scaling factor to control the level of contrast enhancement to obtain
output image.
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For

;y——p y(n,m)

dnom)
—IDWT-IDWT ———(%

x(n.m)

A
Figure 2. The basis unsharp masking block diagram for enhancing image by using wavelet transform.

The high frequency components from wavelet transform consist of horizontal, vertical. and diagonal images. Let
z(n,m), z,(n,m), and z,(n,m) be horizontal, vertical, and diagonal images. A,. A, .and A, are the positive scaling

factors for horizontal, vertical, and diagonal images, respectively. Rewriting (1) is then as

y(nomy=x(n,m)+ Az, (nom)+ Az (nm)+A,2,(n,m) )

and also write (2) in vector form

y(n,m)=x(n,m)+ Ko Z(n,m) (3
where

Amm) =[4, (n.m), A, (n,m), A, (n,m)] (4

Z(n,m) =z (n,m), g, (n.m), z,(n,m)] (3

The main objective of adaptive contrast enhancement algorithm is increasing local dynamics in detail areas and
unchanged in smooth areas. The operator g(-) is used to compute the local dynamics for input and output image as

following

g, (nm)=x(n=1l,m=1)—x(nm=1)=x(n+1l,m=1) —x(n—1,m) +8x(n,m) - x(n +1,m)

—x(n=1lm+1)=x(nm+1)—x(n+1,m+1) (6)
g, (nm)=y(n-Lm=1)=y(n.m=1)=y(n+1Lm=1) =y(n=1,m)+8x(n.m)— y(n+1m)
=y(n=Lm+D)=y(n,m+D-y(n+l,m+)) (7

and also for horizontal, vertical, and diagonal images

g. (nm)=z (n=Im-D—z (nm=-D-z (n+l,m=-1) -z (n-1, m)+8z, (n.m)—z (n+1.m)

-z, (n=Lm+D)=z (nm+) -z (n+1m+1) (8)
g (n,m)= :_‘_(n—l.m—l)—zy (n.m—l)—z} (n+lm=1) -z, (n—l.mHS:.‘, (nom)=z (n+1,m)

=z, (n—l.r::+l)—zy(n,.~n+l)—z_v(n+l.m+1) 9)
g, (mmy=z,(n=Lm=-D)=z,(nm=1)=z,(n+1,m=1) —z,(n=L.m)+8z, (n.m) =z, (n+1.m)

—gyn=Lm+)-z,(nm+1)—z,(n+1L,m+1) (10)
Writing (8), (9), and (10) is in vector form
G(n,m}:[g__‘,g_,l,g;’}r (1

The desired local dynamic g, (n,m) is defined as
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gy (n,m)=c(n,m)g (n,m) (12)
where a(n,m) is a variable gain given by

e, ifv(nm)<rt
amm =4¢a, ifr,<v(nm<r, (13)
a, ifv(n.m)>r,

and @,.@,.a, are selected to achieve a desired level of the contrast enhancement at outpul image.7,.7. are the

threshold values, and v,(n,m) is the local variance

el

Z MZ] (x(n,m)=x(n.m))* 114)

v(nm)=

O | —

where x(n,m) is the local mean.
To update the scaling factors, i(n,m), the Gauss-Newton algorithm is implemented as following

Mrn,m+1) = M, ml) + 2pe(namR ™ (n.m)G (n.m) (15)

where e(n,m)=g,(n,m)—g (n,m) is the error of local dynamics. R(n.m) is an estimate of the autocorrelation
matrix of the input vector G(n,m). Figure 3 shows overall system of the adaptive unsharp masking block diagram by

using wavelet transform for enhancing image.

T HIER

§ gainm

: &, (n.m)
N o
A 8() |
[ - &,(n.m)
- T g() —&
| 2, (n.m) |
[2D-DWT ¢y §
— !
”D IDWT 2, (n.m)
—))@_

Figure 3. The overall system of the adaptive unsharp masking block diagram.

EXPERIMENTAL RESULTS

The data used to test result is this paper is the satellite imagery acquired by the Landsat shown in Figure 4(a). The
parameters for testing result are as following: #=0.1, 7, =10, 7, =200, &, =1, @, =4. &, =3 which are chosen
by experiment. The three components of horizontal, vertical, and diagonal image as high frequency component result
from two-dimension wavelet transform and inverse wavelet transform which are scaled separately by A .4 . and 4,

from adaptive algorithm as Gauss-Newton algorithm. Figure 4(b) shows the enhanced image. As the mentioned
objective of contrast enhancement, the variance based criterion is evaluated. In smooth area both the original and
enhanced images shown in Figure 5(a), the variances are the same of 3.25 which means that variance of our adaptive
algorithm is unchanged. In detail area both the original and enhanced images shown in Figure 5(b), the variances are of
1105 and 1895, respectively, which means that variance is increased. All results from experiment are then
corresponding with the desired criterion.
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(a) . (b)
Figure 4. (a) Original satellite image (b) the enhanced image.

(a) Smooth area.

(b) Detail area.
Figure 5. Enlarged images (a) smooth area—original image (left), enhanced image (right).
(b) detail area—original image (left), enhanced image (right).

CONCLUSIONS

The our adaptive unsharp masking algorithm using wavelet transform for enhancing image shows the performance
of experiment corresponding with the desired criterion. That is, the variance in smooth area is unchanged or low
enhance; the variance in detail area is more increasing or high enhance.
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