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This thesis proposes two wavelet based image denoising techniques which incorporate
information from neighboring wavelet coefficients. The first one called local neighborhood
window-based image denoising using SureShrink which chooses the threshold in each non-
overlapping window by SureShink technigue. And the second one called local neighborhood
window-based image denoising using BayesShrink which chooses the threshold in each
non-overlapping window by BayesShrink technigue. The window size which gives the best
denosing performance of each image is also reported in this thesis, From the experimental
results, our both proposed techniques outperform other traditional techniques including
Wiener, VisuShinrk, SureShrink, BayeShrink, and NeighShrink. However, the best results are

found on the proposed method |l technique.
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AUILAN WAL 2% & (Usennaw 16 #1ud) T9fAe wuUAaeddensall (RGB

o o al = 1 o al a
color model) luflaqiiuiiuuudnaes@uinsgIuanuInung Ty uuudnaes@inglasn
(YIQ color model) kuuanaaediad lawag (HIS color model) Llw

® nmwuaadllnasn (Multispectral images) anyinanaundnesiuduniniiaiuns
waiulalaaananueanyseieg lugldoudsznauenfad 3l 3 Aaualnaiy

' a agll | all 1 @ ¥ = dll o !
win e atifunwiuyedliannsonasiulfinezinauannaiuninndn 3

= | a o 3 3 c A A & & ¥ = ¥ =
ARY 1w Bunsen dansnlalerdn 1@naised 1@ee vsaLsang usu Tefesdinng
Uszananalviag lugluuunueswiuls uwiasdayarasnmatiailaun ssuuaames
seunlgunfliun ssuunnABRnIEA uazszuLNINNIAI LN TuNNE R 1 lun s

Aaselen lusu
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2.3 uWULANaas "zyzy']zusumu (Noise model) [32]

%

waan i 9d e usuNAIR AN AN AAZIAATUTTUI19NT A NN TS

NN (image acquisition) WAL/UTBNTEENL (transmission) WAY/YUIBAINAINITOUD
dl o Y . . Yo & J 1 dl v

\P3RNFUFNIN (imaging sensors) lAFunansenuainasflszneusing u Reulauindas
7eid N7 LANNT0IN N wAZAININTBIFATLFN NS TnalanznInd lANIAINnAes
cch  szaurasln wazdaiuiaanuFeu uiladuudnndesnansznunin liiAndyin
sunaulunindld Tnananazgnaunouszdnenisdeiu tasannnisunsnaanly
1 3 dl e ] ] o 1 1 dl ] ¥ El ] v
dasdryayrnungnldlunisdeinusinatnadn nanignasiagldipsedial¥anaaaazgn
FUNIUANNUAY HTANIITUNIULBILITUINIABUT  ATUAAIFIBENITBILLLANADIATYEY 108

v X
31N ToAail

o FryanmusunIULLLLNNELTaW (Gaussian noise) Ll ”mmﬁmmmuﬁ'ﬁﬁqﬁﬁu
ANNYUNLURER9ANUNaZLTIU (Probability density function: PDF) a84n19uan
uagLenA (normal distribution) 1ieEenanatnaming: nrsuanuaanagd Tnesialilay
Hanlduuuaaasaasdyyinsunauidunuy dyiusunaudanaiuuuan
(additive white noise) %'qgﬂﬁmﬂ%@ﬂ'ﬁqLLwaf'umfﬂummﬁﬁﬁ WNTIZAINNTD
AANNIUANNINNALRAIARS IHINe %ﬁ‘ﬁmmuﬂ?gﬁ wazlnuunaud taafifefiu

AHTWILBIasANTnaziusasiulsguindhe z uaziavuali

p(z)= L eteupiat 2.1)

TPe 7 LAANAITZALIAINNINA, yLﬂummﬁmmmm?{mm Z LA o AR
mLﬁ'mLuummgm (Standard deviation) Tmﬂﬁm’%ﬁmLuummgmﬁﬁﬁmm%
F8N91 ANLLTUIIULRY Z AaNnANNNTAzATINITILAASAT Z Taetlszanns 70%
109A192 8999 (1 — ), (u+0)] waz dszus 95% aziludag
[(1 - 20), (1 +20)] nelpasieridununuILiuIaIAIninaziuaaing

wanslifagla 2.2 (n)
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plz)
0 607\'/E 1
b 2ro
. 0.607
Rayleigh
\2zo
z
a a+\/§ z
2 H-O U pu+o
() (1)
izl
z p(z)
Gamma a
E alb- 1) sy
®- 11
& z
B-1/a
(m) ()
o) p(z)
1 R
b-a

() (®)

771 2.2 farffupaunuinaesdoyoyrnusunauaiingnge (n) dyginsunauuuunig
(1) FynynUTLINAULULILEEA (A) AEUIUIUTLINAULLLILNNNT (§) dryryrnesunauuuLiand

Tlwwdas (2) Ayaunsunauiuuginesy (@) Ay IusunauuudNWad
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s L2

® FruoUTUNIULLULSER (Rayleigh noise) WTUANNMLILULLIAIAMNUNAY

v o

duaasdryyrusunauuuiieda nnvualalae

2 —(z-a)? /b
o(z)= E(z—a)e for z>a 2.2)

0 for z<a

ANBALI YD ANNUUNLUBIAILU LA HALLEAS LA FIdNN197 (2.3)

u=a+,/zbl4 (2.3)

ANNLTUFIBIBIANNNULUUTBILL LA AR TR AR LH AIENN1IN (2.4)

L) (2.4)
4

nanANMILLNIBdtALARS IAAIILN 2.2 (1) Tnanisindeuniaasgling

289n30aziaINqaBHAulINIeH w191 Tearuuuintuaessdalin ld 1dinenis

1szsnnuAN ANt IaE N LN TN

® FUWNUTUNIULLLLADSUAIUIBUNNAN (Erlang or Gramma noise) Warfdu

ANVIUNLLLIasANEAdveesd iy s unauLLLeasiad nnvua i lae

a2t
p(z): —(b _1)! e for z>0 (2.5)
0 for z<0

Tpe Wlwmasiddu a>0 b /1UENLIN AT 7 Aa uwNnalTaa o9

oA . =
ANRAY LaTATIANLLTLIIUIRIAN NN LW muumimmﬂ

o | o

b
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AZUAAINIINAINNUILULBNIETAATLN 2.2 (A) AMnannIsi (2.5) G5

anuiuiariduinudn T(b) azEandn AnuuunLuuunusi grsadauiussaunis

 (2.5) AzBFUNINANNUUILUUBAFLUAY

s LNIULLLLANT IWLLULT R (Exponential noise) WarfdumMNUN LU

wa9ANtnaziiuaasdy o usunauLuLeN T WL s e n1ree L

ae for z>0
Z)= 2.8
Pl2) {0 for z<0 28

Tpe a >0 TANAAY LArAIAINLLTUPUBRIANMLNLLLT Nviua 13T

1
U=— (2.9)
a
LA
A :iz (2.10)
a

Teraridunaumnuaasannazidusesdy i nsunauiuLang n-
= | = dl 6 o 1 [l | o
WU a ilunsiniisreaiaiduaunuikdnrasp Ntz vaasdoyno

FUNIUULLLEDFUAYN b =1 317 2.2 (3)

"’tycy'lmsumuu,uugﬁw'aﬁ‘u (Uniform  noise) $NA9UANNUEILUUTAIAIN

aziilupesdtynynsunauiuugdnasy nvualatae

1

p(z)=b-a
0 otherwise.

if a<z<h (2.11)

1
1 =

= o L X
smmLmﬂﬁqnmummuumuuu muumi@ﬁma
p=" (2.12)

wazAINH LTl
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o2 :M (2.13)
12

TneflariduauuuiuaspNtaziuresdryonsunauuu g ine s

azuansliagi 2.2 (a)

o a @ ¢ = [ [ -4 G
L4 iyIy']m%‘UﬂQULLUU’I’JNWﬂ'NM%‘@‘H’ﬂ@‘VILL’fJuﬂL‘Ll‘]JL‘]Jﬂ%‘ (Impulse 198 salt-and-

pepper noise) MIFUANNUUILUUTEIAINUNAZLT WA Ty DY LT LINIUULILIEN

Nad NuLe L
P, for z=a
p(z)=4P, for z=b (2.14)
0 otherwise.

91 b>a szauaumi b azdsingiduqauaadnt lunw aseduduiy

1% a o ¥ ol a | 6 o/
ITAUAITNINT a ’Qtﬂ?’]ﬂg“ﬂﬁ@@’? IpeI0n Pa 170 Pb Nﬂ’]Lﬂu@uH ATUEUNUTUNIU
v

d” = 1 '8 h A 1% 1 | e {
wuUHazFanan aillnans (Unipolar) wrat1ANUazLwluA e NN

a a

P

Tpean1za1NE9d1NAINAY aslauduinae wazninne (salt-and-pepper)

o

1 v v
Hudanenuaualdns) nezanauuuguiingianan seamniianani iEendyyn
FUNIULLLBNNAALN ATYrYNUTLNIULLIL salt-and-pepper  TaafaridumAanu
wuduaasaNiiazifuresd i usunauLuLaNWad azuanslafegili 2.2

(®)

AMNAIDENNTAIULLURNAAIATY Y UTUNAUDT AU AVNITDUIULLANAD
Fryoynousunausinge Wl Imnnzaniuausnge 16 dusLianeninusariutazansml
”ﬂamgﬂmmmuﬁLﬁmﬁuLﬂuﬁmmﬁm@UﬂquﬁmﬁqLmumﬂ (Additive White Gaussian Noise:
AWGN) Tmaﬁmmwmmmumﬁmﬁ%Lﬁmﬁum‘w @j“w,ﬁmmmﬂﬁ@ﬁwmj 11 Aoyeynnud

sunaulutsasdidannsaiing wazdyoyrusuniuainigwgas lasainAanuadneldane

2
o o

A = a | % = = o Y o 1
LaT/uea HRUUNDNG Wusw any @EUEUW’\M?UﬂQuLﬂWﬁ‘&T}QLLUUU’JﬂQﬂu’]N’]SLﬂ]ﬂu@ﬂW\‘]
! a v o o a v :J/ a
LLW?M@’]EIEL‘HVI’]\T]J{]‘LIIF] L‘W?WZ?'&’]N’]?Q@@ﬂ”l?ﬂ‘].l@llﬂqﬁ“l’l”l\iﬂmmﬂqﬂﬁ]ﬂﬂx‘i’m VI\?I@LQJM‘]J?‘QN

~
LAz IALNLAINND
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2.4 nswiasanian [32-34]

< ad ¥ a rd‘ ¥ é’ -dl 1o A
L’J‘V\ILZ\]IFILﬂu’lﬁﬂ’]?VI'N@quﬂMMﬂ’]@ﬁ]?VIQﬂm?q\?ﬂu WBLLLINATEUTEY U178

= =

Aeridueanidudan Inefuiazdeuiesfleznavludepanunuansnaiulyl uazdnm vise

ARz uAazdIusaLANATIae A (Resolution) NMNIZANALNIATIEU (Scale) 1B9dI1

|

=

Tneialuudannsdiramedidynruenanils 2 38 Ae

1. N39LATEA LEUIAN (Time domain)

2. NN99AIZF MTIANT (Frequency domain)

a a -dl 3\// a o o b4 1 a

N3z ludsAN iUl lae nasudasdeynnadlvies lulnuiga
Axdnau Aantanldiume nnsulassies (Fourier transform) nnsuilassinen3iasiiay
a 8% a d‘ 1 Z// 1 dl =3 a
Anaeidnynanty @A unmingu usluanznnisuladnnidnaiunsniiaziily
a dl o/ 1% o 2% = 2 3| dl A a g
a0 wazaunaasdynnldniannuldsaeg anaganldindurresilalunimimnaed
”m;tyﬁm"l,uﬁmm-mmﬁ (Time-frequency domain)

%
o A 1

nsudasFinfariferidunugueg lunarvesleidulnd uazdeidulalel
> o

dJ [~ 6 o = Qadld va a o o al o o
T UNS AT UAT INUN AN AUANTFILITIAIRN MHNNCANNUATU U DUNHAN B U ANAA

Q
v

(Stationary  signal) 1¥11931 ws Tun19Ll iR

Fytununtinundiamediinasianeuziiu

&yryrnulaiagda (Non-Stationary signal) viTatiludtynyinimssaiilugag (Quasi-Stationary

signal) Astiunnsaiaszidtyyulaaldnsulaesiefaclamunzannsgilin 2.3

Amplitude

1o

Amplitude

Transform

Time Frequency

7171 2.3 MsAmazidtynyaulasuasdrynrouuuysies

FiaNn Gabor laWmuIN1sulaswsiestaadu (Short-Time Fourier Transform

A dl a2 o o ] :j/ dl a o
1178 STFT) T9ALILATIEN tytyﬂmslumqmm@u ] WWRNIAIHNDTIVIUS (Instantaneous

o ' a & =K a sy a o ] v K
frequency) Tnanisnesdnynyinuenudulad g(t) adqaaudnansiauits 7 wdnaulaq

Wity uninuiuladuds x(t)g * (- 7) damgininisudashiulag nsuilasy

o



18

BnTa41 Windowed Fourier Transform 158 WFT siauanslugila

a o 1 :’/ =X = P2
?Lﬁl?“]]')\'i@ur"ixi‘ﬂq‘ﬂLﬁ‘ﬂﬂiﬂ@ﬂ“ﬁ@'ﬂ

2.4
window
[ak]
E Short =
& Time 5
E o
<< Fourier o
LC
. Transform
Time ”
Time

317 2.4 nsTiazidnyannlasulasdyaunnsuunBiesdosdu
mnﬁ@mﬂ,lﬂmvﬁtﬂﬁwz‘qvul,mmﬁmmmaﬁﬁ (2.15)

STFT (7, f) = x(t) g *(t—7)e " "dt (2.15)

azwinlagnisuilaenBiastosdudsidasnian ldaruisnlasunlasnans
a . a o o [ o A o a s =
az1®en (Resolution) Tunisiiasizsidtynyauls Tuunensildyaunnntnuninziianad

aguaeadAtlszney dimndniunsesstsenauiudnynnunacoag lugeedu o) warl

o
%

un9asAlsznauasdaagludasszazinainanandt azmiulddusarliaiunsniiagm

A

a

Aynrulaenesdilsznenaasdy g ivaedaug iz inA INAZIB AN T AN

patiuaWiaag AR TWNau ladaaninaasnisulasFie fsduluGes
1093rAuANazBEnlunTnzinanuuladlils Tnanvidnazgnldaiuianisaiie
stunvvesdnyaynns elsznavaudoaianaesdnyayiaiantzansaniuiudoyo i

¥ 1 i
Aryrynnsennsiazfluaduian < Fendn “wilidn” Inaazuandlingii 2.5

[ik] fia
o| - N
=1 £
2 SR | 7]
=T b
Wavelet T
! Transform ime
Time Wavelet Analysis

31l7 2.5 nalimszidnynyaslasulasdnyaynnuunnnias
nasinnanuane o gansaniuduwen earldlunisetunadnyyin

v 1
1o 1 ﬂ?ﬂ'um\lL@mLufimﬁfmzrﬁmﬁimm%’wmmnﬁqﬁvugmuﬁﬂ (Basis  function)



19

Ay 3end1 usasionlan (Mother wavelet) w(t) visaaridunsaiAszit (Analyzing

function)

A o

Tnelaridunnsmssilinuantmad Aa
0=[y(t)dt=..= [t"*Vdt (2.16)

- Well localized A HAndnlndrus wednindeius

- N19uN34 (Oscillation) tvaugaspmluaal Inaduiniaaes w(t) way

ISP o

& | 6 dgl
m Tuwusiusnaas w(t) Handuaued fadl

o

AnNUsefnian w(t) Hazadreanidnau ) v, (t) Inanndnusazsn

a = 1 = dl = . . . ” d‘
AZINARINNNTAINA UTANIAINEAU WTallAasuAINNAZIRtA (Scaling or Dilation: “a”) 4

a

UnARATY 1 wazninasuawulelui@anan (Translation: “b ) GenAnansaunf b=0
P3NFaINIAR uananinidangnanaazsiasgnuasiualad (Normalize) fag 1//a
dl v [3 Qi Y o a o 1 o I zd 1
wne Walinidangnanalludafiasiindsuwindunsesionian nszuaunsilizandd
n1gnszaneINLan (Wavelet decomposition) @anAan skl asianianiuiealuniueg
a o % o <3 4 [ o dl [3 | i;’
WENARNNTAFNMNALLINLAR (Wavelet reconstruction) Azt un 151N ARLMNLAALUAITENA

1% a

o di 3| = dsjn o [~ .
soNfuNatsenauludyo AN FanngzUIUN1THIN N1TuUaINAUINIAR (inverse

v
o o

wavelet transform) fAetiuazausniauannisiallassidnngnanainiu a uay

wauAUe lUwingy 7 Asannisi (2.17)

t—-7

l//a'r(t):%y/( 3 j a>0,reR (2.17)

¥

anaNTAn Tl asuAINazidaalatiiay N ldausnldnianlunig

6 o o = . . ¥ <3 dl
WAINTUATYIUNMLL LA ALANAZIBEA (Multiresolution) Tagldnisuilasianidn T

D)

¥ < [ % o . a QI -l% | o | o -ai
fuaenlan AN Ia9A9N I8 (Filter) ANAzIagnaziNNTULTudnguiuAIND

'
o A

MNNANTBITNANAINATTUNDE TTUAS

—=C (2.18)
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]
J A | o 0% X A 1

A1 ¢ An ArAsaafsin g lunstssunanadtyynudeizandn Constant-Q

nswdatianidnutiasantidu 2 wuuAe nsudasaNiAALULADLLeY
(Continuous Wavelet Transform ¥13a CWT)  warn1sitaainni@nuuusfnyvuae (Discrete
Wavelet Transform 438 DWT) iHadsuannisnsuladanidauuusialilad (Continuous

Wavelet Transform #38 CWT) azl@saaunisi (2.19)

W, (a,7)=[f(t)y..(t)d(t) (2.19)
W (a,7) == (t)yx[%jd(t) a=t 2.20)

aunnaednyonnnaunnlud ldssannisi (2.21)

f(t)=c[[W, (a7)p,, (1)d (1) (2.21)

Ausunisudagnnianuuiianmiag  (Discrete Wavelet  Transform 58
DWT) azfinlunAniilaasutedn 1silasanidn Ae nsnananlunuifanduy f sasnnidn

[-3 1 [-3 a 6 o/ dl = 1 o = 3
e nAas Tnausazl@anazuania A AdUnANa LB AR U ‘Emmmuim
W

f(t):Zk:Cj,k‘//jk(t) (2.22)
i,

e ¢, Ao duisz@nd
A W r.ﬁ/ o
W, P Aaiduguman

@ @ , = o P o S
nsudadidauuLiANudoadl 2 Usslnnudn o Ae n1sudnsianaudes

(Subband coding) sinldlun1sdudmidas ¥sen I wazn1dsiaLLLNTERAUTaNT

a

AATITHA Yy UMAaIETEAUAINAZLAYA (Pyramid coding WT8 Multiresoltuion signal
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. o Y - A a 'S =

analysis) 1n 14119714 Computer vision A8 N153LATIZRIBazIBEATRININAIN e T
azldan T9gNEUNIN “Coarse-to-fine processing strategy” iunmyzLa lunstinmmeny
Aaraduneaedlanaiienniianun Tuanein nnziaeeNaziaeAaza1N1InTzyn < &9
Tunnld fauiearninisdssunanasnuiuredstazideatasnInanludaansenilu
13341 (recognition) wazan1Inaning ldannisasuneaesnningldaniusiasdinszit

A o = aa o o ax 90 "

nnNszAUANAZReAge 1aHNUsrTumilludaneasnun1sdauwuy (Pattern  recognition

. Yo A a °o @ v
algorlthms) LL@xgﬂhﬂumuﬂﬁ‘:wmm@ﬂﬁwvmWJ’]NZ\IZL@EIWEH Lﬂuﬁ]u

)
1] [&]
o [=
= g
o o
E g
< L

Time Amplitude

Time Domain (Shannon)  Frequency Domain (Fourier)

(n) (1)

Scale

Frequency

Time Time
STFT (Gabor) Wavelet Analysis

(P) ()

1 v 1
gﬂﬁ 2.6 ANNAZIREATaINTUU A 4 wun lunsamaeidynnludanan-anad (n)

o

N17ulasiuy Shannon (1) NsudaaFes (A) nasudasniaddoedu (9) nnsudaanian

AuFun1siassidunniranaAINazidas azdssnaudaafeidu 2
Werlduae nusafianidn w(t) wasiariduainaas (Scaling function) @(t) visaFandang

wasNLam (Father Wavelet) Tnel

w(0)= X (-1"Cy 1, H2L-K) (2.23)

%

anntgsenanauaunisuisasionidn waslugluuuaednisnsesnana

¥ [l i
mumﬁ‘ﬁwiﬁﬁuﬁqmmz@mqmmu@;q (High-pass filter) LL@ZLﬁﬂﬂ’]?ﬂﬁ‘t@Wﬂ“ﬁﬂH@ﬁmﬁLL‘VI‘LN



22

P

a dl 1 o 6 < 173 & =3 o 3|
ANazlREANLANANAUNNLEafWIAAas I dann1snsasands Telanemueiduannig

a8 o X
bIEINTIANY

o) = 3, (2t —K) (2.2

o -8

#(t) avifluiadduainanasdniuuiisasionian w(t) way ¢, aziilu
duilse@ansvhan Tugtuuuassnisnsasiania aunistindusansaedoy oy ineiuan
(Low-pass filter) é’qa@mmﬁﬁLﬂwwmmmﬁLmﬁ:ﬁmmﬁmﬁ@ ANAZIALATNNg
Apszidnynraludieanat-anud WenRaunauiunisulaFie s A1 2.6 (1) @
LAANANNATIBEATIIAAINNNTULANFIET UaZ LN 2.6 (1) TelanIAdNATIBEANLAAAIN
nsudasinidanuanaeiulunimemedidyniuluminan-aud dsiunisudasian

|
o = 0,0 A

anasisz@nsn nduiunnsmmsdidrynun ldreiiasiy viredtyunnludaesi

v o

I'4 (=3
® lsznNURINILERTINLAR

Iy PR = e @ Ao PR A - P
N1RZNANIDNINLARBLN9NNE LQWL@WW]Nﬂ“\:ﬁQﬂﬂ@qQﬂQﬂ@ a5INLAR (Haar

wavelet) @aflunniandiaaniiauelne Alfred Haar 111l 1909 Henueail

1 0<x<05
Wiear =1—1 05<x<0 (2.25)
0 otherwise

%

T9azNAINTBINNTIATIZY (analysis  filter) WAZAINTBINITAAUATIZY
(synthesis filter) llulUUANNIAT (symmetric) NsutlasidauuuanfgnuinuiAnsuay

Tfauatnandneranslunisdssanananin (Image processing) agsannluimanududan

v
A o a

wazHdumaudsnldlunisaurnmnds Tdenieni il ldeuiunisulasBiaslunaiass

% '

2098y U ULAZN N LASIANNN I I IFIRARAANENA L6 wazAnAUdTUReLWAT ludlHR

sz@nininlunisdszunanadyyininaznin lagazudanefeaniduainasas (scaling

function) WAz LEafIVIAR (mother wavelet) 189N sulaanianuuLans Asgili 2.7



23

Ve

[

N

.
G

(n) (1)

317 2.7 (n) Warfduainads (Scaling function) uaz (1) 1iaafanian (mother wavelet) 184

NgulagNIRRLLLENS

0§ [ 05 Ve
1 e L s Wy
i i
. 0
0s k& 05
05
K] 05 -1
1] i 5 0 = L [ 5 L 0 5

Yor | Ve

05

; YMarlet
05 Vamr (05
o
’ 05
05 - =1 = ;

=
~ o @
g
o
; o o o,
=] o
Lo o
= =
th o i

i
o

%
L=

o [ ]

31l7 2.8 (N) Gaussian wavelet NNANALAYAUSUANFNTY (1) Maxican wavelet () Morlet

q

4
0
wavelet Waz (1) WIRTuUANARS Lazusasanianaas Meyer
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{HaanlEnYNeeNUULLATHRLN lWAI 276197 NINHIeTY ATIAANERT

dszensd maanuian uaznislssuanadtyaunniuaznin vinliawianainnsoutsean e
HunanaAaan uANNARIN1INANAWEY BIaza NN nRLaWIEARIN duration 178
= N o . = ) '
support AL lATu infinite support wavelets LLa¥ finite support wavelets mimﬂmuslmy
Wnazaulaldf infinite support Ieestinaed infinite support wavelets NAdiiA® Gaussian
wavelets, Maxican Hat, Morlet ag Mayer Imef Gaussian wavelet Llﬁuﬁfﬂﬁﬂméﬁuﬁrsﬂm
Warduraannd Baazians Gaussian wavelet iU infinite duration wavelet B Aegn 2.8

= = . o = o A .
IPe y,,, A8 Maxican Hat wavelet Tunnuasineniu Vs, AR Gaussian wavelet

Tun19U 1R Finite support Az compact wavelets M3umNTaNNINNGY
a9 nHANNANA U LR amaSuLaIuasLa L (multiresolution filter banks) IWLAR
WA HRAINTaWERLLL (finite impulse responses: FIR) TiWianvanil anunsaudels

2 AANdA® orthogonal wavelet Waz biorthogonal wavelet. Tagl Orthogonal wavelet a2

¥
AA o o o

nsusndyanndlieslulinifimanzay etdlafmulunadifnsasdanmzt uaznng
Anmziiilunuylianunmng usl Biorthogonal wavelets sinazgniinunldiunisdszunans
A iflesannarnuaransnlunisdenguldlunsdifnsesnisiiame uazdansesnis
Fapmz anansaduliiuuunanannsld fafuanansatinldszgnd$i linear phase
filtering & usiilesannazdesiifaiuainaduaz i unnidauntdidug nWdariaiis

Fanududaulunisaiuaniuin

v
oA a o

AuANTTRAEIARINIANNA L Tue i Tun ARzt Tnafinuw

'
1 A

WAeLasaanaziiduiariduniduasals Asalia

1 if j=mandk=n
MUE t)dt = 2.26
lr//J,k( ) l//m,n( ) 0 Otherwise ( )
1 if j=mandk=n
() - t)dt = 2.27
¢J,k( ) ¢m,n( ) O OtherWise ( )

¢j,k(t) 'l//j,k(t) dt=0 (2.28)
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ANALLRIINLAR TIaNAUTRIFINTALINARAziduLLL FIR - 39l1nsuiauIu1ay zero

'
[ 1 A

moment 289 w(t) gninlinangainnasdullly  Tnsnwidndeindnaunme
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. dl = a '8 dl | ' '
Daubechies wavelet @9azdn1310m05 uarnszuIuN1INA AT Wedrasianig
ANUINLIBIFINIDIALATIEWLUANTIUAIDL19T89 Daubechies’ wavelet LarAeATuaINaas
pegLn 2.9 TnanansuaasdansasaWidnrednidnidssanaziuanuugiane Aglugly
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[ % o

o(t) uaz w(t) Ina Daubechies wavelet HAnuaxiiR lwnstiudnns nudnilsz@nsuasion

-
=

&/ (wavelet coefficient) waldAnuANLsz@nsn11s2010u (approximation coefficient) Bn

Hanile anannisi (2.24) dudss@nreannidn d;, Apuandmlunisdudansanngld
Y AN o , . = o °

anwuandaun il ¢, antlyusenana Coifman auaualiiinaninun zero moments

114 scaling function 2aWidnvane’) fa tnaazFannidniidl coiflets T9az waRFIRLN

YBILAAZNINIDLI WA RMAT Anuzn1sTUSAAAN ARSI approximation LAy detall

coefficient  #agU# 2.10  IaedarAuLeIudazfansatidnazgnuanslnefaiuuANN
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1
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. @, i @y 0s 24

ADAARBNNUIBINNTTU @(t) uaz w(t)
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05 =il 0.5 -1
1) z 4 [ g 10 4] 2 4 3 8 10 1 5 10 15 20 0 5 10 15 0

31l71 2.10 Firatepasiieiduainads wasieridunianues Coiflets

Tnevialunrandsdsanniduuusedusnas wsilunnsdszenefldass azly
auladaidrasifuuunanannsvield adlsimalunslszgndldau feilenaazdy
MR TLINIUA L Lﬁmmnwm‘muﬁi@m*mamwmmLmumummiﬁmmdﬁLmumummmx
wanldlEARuLAaNNIAT UaNAINIINIRAANNIATILADNITRARDTLIALLIAUBININ
Daubechies  LaAanMTuAlaLN90En4 FinlFeanuuLiEniEaiaannfiguuinstes e
Wranieuriy coiflets NeuaziuluuaNNIAILATIIHANNIATULUANYIRT ANNANNIAS
LLuumNuu?aiLﬂuiﬁL@Wﬁz complex wavelet filters, biorthogonal wavelets, infinite support

wavelets and multi-wavelets.

Tunnstlszgniflddauing azfiansunduuuuduilszdnasonsesady fariu
Tunsmnnidaiesfafgefiainisnidenldfunaiaresianidnauuinsaziilu
Biorthogonal wavelet 1agl Biorthogonal wavelet @z@gﬂ'uuﬁuﬂmmmﬁqﬁﬁumﬁ@uwvg-um
(Spline function) Taedl Harduainads wasiaidunridnuuuaneazdl g(t) fu ¢ (t) uay

. v o4 .

w(t) fu () Tnaazdaafiidanspnudunusaasurasiardune falaufansnazuand

ANFLRIAINTDILIUAN (low pass filter) 2BINITAATIZH LAZFILAUAIN 2 ALUAAIAAL
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317 2.11 Fivatspesieiduainads wazieridunidnues Biorthogonal wavelet

¥ 1
Ausuaneninusariuiaziaanld Daubechies wavelet lWS1ZANNANANIIHA
414614 Daubechies wavelet a¥ANITIRLADT LATNILUILNTN lddUdal S18Aan17AIUID

ANNTANILATIZI
<
2.4.1 nmsUastINLanUaININ

dl v 1 v dgj £ =3 1 [~3 1 (] A
AN BNa1INILAL T aFuaTiuIIN1TLUadNWEALLNaanLTlu 2 Wil Ae
n17ul AW ALLLARLIEY (Continuous wavelet transform) WAZNNTLLAdILEARLLLEN
midnel (discrete wavelet  transform) d1u5ulunsainisuilaannidnuasninazldnisuwl as
WA ALLUE NI ludaeNs iasarnniwiiudeiduaaslfnn lusaties IngaAanig
[~3 dl aa U i// [~3 &I aa
wlagunidnuiiainrasdayaluiusy (column) 2890 W Lazn1sulavanidanilaiinves

doyalunuiuan (row) 18w Teilaruiudasysaiu

lunadjdmsaiunsrinannisresilamasiua (filter banks) Nnldns

wdasnnianldlaeedafianseanania (digital filters) wazdaanan1sdnsAaeeng (down

%

o d’l a) & & ! .
samplers) mnmawugmmm%l@mmummmmmmmmmﬁm (two channel filter banks)
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HNUALATAaANITTNAae 1984 2 Winaslaa1dndse@ngludauaesnisdszuncy
(approximation) UaztHaNIANATY U UBUNAALEFINIBINUAS LATAANIITNFDENNAY 2

winfiagldrdndszdntludouressaaziaan (detail) Avuanslugly 2.12 nasannisdn

o 1 |

. X ° o A o Ry =
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m_ @—» Approximation

P —

|/A @—» Detail
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o

Warsunldanngiin 2.13

m_ @—b Approximation

P —
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Approximation
rows ll @’ oA coefficients
2
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LE @’ cb coefficients
VP = columns
D 5 co ¥ Vertical detail
rows # coefficients
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[E 2 co @ Diagonal detail
% coefficients
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2.5 WUURNABIURININAGNTUNIUALRYUIUTUNIU

ANNULLAIAB8IN WA I Fugnsunausaadnyyraisunaou aenléinann

1
=

Hudnluumi 1 Seluuniaziansnnnignaunausae Ao 1 LINIULAY ATAINNID

waRa lAFadNnIN (2.29)

g, = f, +¢ i,j=1..,N (2.29)

] ]

A = ¥ o
Tnel {gij} AR NINNYNTIUNAUAI AT YIUTLNY
A %
{fij} A NIWAULLL

A o a a & o da’ o V| %
{gij} Aa dyrynousunau e luananiinusativinivua tfifudoyoio
SUNYUNNZRULLLLIN (Additive White Gaussian Noise: AWGN) TasifiAniads

Hugue uazlAudsdsuiu o waedanuiudaszsenmsuuuy {f, |
N A8 @81u9uAN

fuuald g =g, }i’j, f:{fij}i'j Az £=1g }i’j duwssndaes

fNnFasn1sRansn nuuald Y =Wg iiwwssndaesduilsc@niansanidnans g

k=)

v
=

Tna W Aa AangenIn1shlaguananfda nwuuaaddn way X =WF waz V =Wse 1ag

D

N, | flumsulasnidaunuiaenn desaniflu iid N(0,07)
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1 o a £ = ° cao o a = pringy -
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2.6.1 AINTDINWLUBS (Wiener Filter) [2] [32]

Norbert Wiener fluflauaissansesduiues delunssusunisuuugu e

NIN1IRATUININUAZATY N TUNY SRR ilszasAaeddinIsiihe nastlszanmuan 289

A
I

. B o o
mww“l,m_]mumu f auduA N iA"aANaIAN1a9&8d (Mean square error) 284 f

waz f Hentleangn TnaARanNaIANNAIAdRALANNNIOLAASIFANANNTIN (2.30)

ezzE{f—fY} (2.30)

e E{} An ArA1aAzIW (Expected value) wasanfnawmus ludsnisilas

Y o

AN ATy aungnsunausasdyaunnssunui Aneaslugus wazszduaumilunig

1 1 ¥
szanaualufandudadu (Linear function) 18992ALU89N19L @NIRINNLLEaW T

'
! o a

ABNgATEIRTTUAHIANA A lUANNN (2.31) arnnsauanslulamuaand iy

~ 4 H"(u,v)S(u,v) )
Fuv)= _Sf(u,v]H(u,v)|2 +$,(u,v) Gluv)

_ H"(u,v) -
__|H(U’V12+Sz;(U1V)/5f(U,v) Suy) (2.31)
€ H(u,v)’ Suv)

H(UV) [H(u,v)* +5, (u,v)/S, (u,v)

o H(u,v) Aa Hardunnaden (Degradation function)
H"(u,v) As dedaudaga (Complex conjugate) 189 H(u,V)
H(u,v)* A H(u,v) H(u,v)
S,(u,v) A [N(u,v)* Ae awnaiuirdeesdynneuniu

S (u,v) Ae |[F(u,v)* Ae awnaiuirdemesnmdideldgninliides
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waNNe RALNI9TANE2E38N97 Minimum mean square filter 1138 least
square error filter IaeI893NTAID Wiener azAuanumIAIAaL Inaia1souqannd19iaes
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)

2.6.2 NMIAANAURUUTUNIU AENsULAIINER

Tnavialdnirannaudyrnmisunau daanisudasnnidn uwisaanlsvans

- 3BNNTNTRNLULT LAY (Linear filtering) [10-11] iw A8AansasRulues
(Wiener filter) lulpuuinwidn wanan1saanaudyninsunaud dlaTaumauiunin

U o o 1al o [~ %
fuatiuseldnin s

- 38n19nse9la Bl dsuwuy ldiEads (Non-linear threshold filtering) [13-

15] {udanlaFumnuanlaaininiduduetinamnn wesanitiandedenuesnnianis
i & £ aa < o o o o

sparsity 199n19utlagniaRn T93aN1suladWaRaziINIsdegan N Tasdry g Ayl

a é’ dl o/ o/ o o/ [~3 'dl o/
Tawudsnunldfsaaninaesdyyrudrdn lulamuneannidan Tnaindsinuans

(%

&oyayrunanazsannuegiunguidn widynyrsunauazlisauimidungs wazi

[

A A a

AR IMNNNANATYRE ANTIAGNIAEY (threshold) Ll optimal threshold [NaaANaL

0D

1
=

fryrynndsunauliunnngn

q

- 3% Wavelet Coefficient Model [28-29] 1{lWAaNALNNILUAUNININAD AN

Usegnsfld usidinsawuindudau

- 38 Non-Orthogonal Wavelet Transform [30-31] tJun3suaanisudagian
Waunuuinsafiavidananaleridunnld uanldarnnisaanaudyoyinsuniudinnunnw

dld 1 o dl 1 k7 o Y
NA LLANNITANUIDUN AR UANTLTD LS

AINNNA1INNT195 Tuanainusaulanisaanand o asunNiuaIanig

v o

nraslnEmdanuuuuldidads (Non-linear threshold  filtering) Vg @ananesinaniiesn

Wavelet thresholding YER Shrinkage 99134 [13] Tananalpaaineaas Wavelet
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thresholding TFagnaanuane lnansannau AtUtUNnUILINQLLLL Wavelet thresholding

Ny A Ao ~ . . 9 o o
LUDAARNATARLN near-optimal 14 minimax  sense mm‘mﬂiwﬁmmu‘tmwgmumu

'
¥ aa |

goadrynyrmsunaulietinegnies iazuansinldnaguinnandasidaduseaietdunng

szanauli Basov space [12-13] Taaingsuddlunisannaudilaunnisuniuuy Wavelet

77

thresholding utieaanifludausine Asgun 2.24

Noisy _| Wavelet N thhirleV?thIdl ¢ o \IICVSrTet Denoise
Image "| Transform [ | Gctal wavele 4 aveie Image
coefficients Transform
9117 2.24 n3zLUNNTAANERATIYIILINGY AaanTsuaaanidn wiiL Wavelet

thresholding

TaanszuaunIINIsannaud o IIuNIU Aan 1Tulastowids wuL

o

Wavelet thresholding Hiumauaail

1) &ty nsnInignannau fasdansunauniuladnvidnuuuEs
198 (Discrete Wavelet Transform) Lia9a1nn1guilasawid AnULLANMUReNN1sNaNT0U0

duwuunisdnsiarauses (Subband coding) 71 lENeAaN133AINLHHANINAIANGY

Py o o al Yo a £ 3
N']LL@'JIHVQ?I@V]N’W“N'] @31®@Nﬂ?3@°ﬂﬁﬁ|ﬂ\u']wmm

2) tdudsr@anaaaanian il nmndaBud asy wanundaBulasuld
dszgnafuieridunisdseynadldanEaasu Inedan1s Wavelet  thresholding  Azi1
&runyrnusunaueaninevii thresolding  lannzdluaasinugdaaaasdulsz@nisnaazidan

[=3 . . dJ I dal [=3 o a a(dld = s
22919WLAR (detail subbands coefficient) Fsunugastaziiuduilscananiniuazidansi

w118 [13]

3) tndnilsz@niaasaidni lFiunssuaunirannaudy s uNIuLAY
1a519LAANAY (Inverse Discrete Wavelet Transform) @zié’mwﬁgﬂ@mwauﬁmmﬁm

FUNILLAD
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TuangniinusatiudasAnEnseUaun1IaANaUA I ITLNIW fAoenIg

utlagiaWiam LuL Wavelet  thresholding  Tudumaunaeasaa n1swa1uINITaaNTA G

3
aaad

wanuaesdulsc@nsaasanian Wasainvlananaesnisaanaudy i usuniuisiae

A a = o s £ s v ° P A A s Ao v
naaeBuilasuresduilsc@nireaanidn d1n1eninusA1daGuilaaunauanlaiian
ldwmnnzaniuninwiiuiazi Wn i ldannnisaanaudymrusuniwiannuiaivell

¥ o [ :j/ ¥ o A QI dl dl dl 2 d‘ o oA
AMNATNAURLIL ﬁ\iuuﬂ’]ﬁ’\ﬂ@’]ﬂ’]?ﬂﬁ’]uQMﬂ’mﬁL?NL?J@EIHVILVN’]Z@NV]@@i@ LHAUIANUA

6 o/

Guasuiunnszgndfudeidunisdszgnd ldanEunasy fazvinldlss@ninnlung

AANBUATY LY IUILNAUANTY WAZNINA IHAINNNTaANaUATY LI UILINIUAL A ATUNINTIA

v o ¥ o
warlnamesiunwsuaTy

aal a QI dl 1 | ] A ] = QI
AanIaaENIdasua NI TnLLNeanTudaIdIuAe d9UR9N1TUNTALTY

wasumesduilsrAnsreavidn uazdouvasnisinleriduanGuasunnlsyeneld

ax a  a =i
L 'Jﬁﬂ']i“’]‘ﬂﬂliNLﬂﬂﬂu

!
1 =K

HunsmAanEulasunvnizanngarniiaandulss@nazeaawian

I
a

euna e lidszgnaldiudetdunislszandldinaGunlasy InanazldvinWdayaaes

1
a

nwW@anng wazasnsnaanauduannsuniulininiian tneanuwide [12] lHiawedanig

MANBHALUNTENI Universal Threshold @gazAiuandlaainannig (2.32)

A=04/2logM (2.32)

Tae o2 An ANA ML svaesdty o nsunau

M A8 AMUIUTBIANINLBINN

NANNIT (2.32)  aznudn Wan wlaunalvg AlaEulasunldazd

v ¥ 1
o o

(5% = QI dl Qddgj o Y a a = A =
wualungdng AsiuniananGuasuisiianaasinliifinauiaieuaesnin e md
nalug)lé deduluiaqiiunaslainislfalelssanininaeddsnismnda Gulanu

4 ooy S o an dug . -
WwalildrndaEunldaunmuizgn uazliinlinmaldarnnisaaneudtyninsunauia

a X o o R aad A a = X o .
ﬂQWNNmLWHuiﬂQWﬂﬂﬁwmu@uu “NNQﬁﬂq?V’]ﬂJﬂL?NLﬂ@ﬂugﬂL’&u‘ﬂmu&mﬂNqﬂ ﬂ\‘]@gﬂ@q"ﬂ,u

o v

Wndasalil
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o dandunisissensldinEailanu [13]

1
=

WuiladduniiAaaEunlasunatunsldundezandld Tnaderfdunng
dszgnafldinFulasull 2 asvaiinae AaidunistszgndldanEulaeusiin - Hard

Threshold wazieridunistseensldanEuulasumiia Soft Threshold A9l

1. Warfdunstsegynel4an Builanuttin  Hard Threshold azuansléisa

N9 (2.33)

w,(x)=x-1{x> 4} (2.33)

Tne x Ae ArdNszAnE09NIARTRININAgNILNIURREATYINUTLINAY
A A9 BAENALY (Threshold)

TnelaridunistszensldunGuilasustin Hard Threshold AzfiangnuAn

{utlszAnsaasnidniFaumauiulnEuilasy 9d1dulseansaasnidntantasngn

L] Ce

TnGuasy ﬁqﬂmumumu@”ﬂ@umuﬂi”mmmmLQWL@m"LuLﬂuﬂuﬂ wAoNdNssAnTuaaian

a
v

[~ al g [~ o v
AnTiAnNdNT aGuan ﬁmmumumm paduLlsrAnaaaamidniuld Tnaazuans

Warfdunnalen (Transfer  function)  aesilaridunissegynsildunEunlasuatia Hard

Threshold 1@ga31l# 2.25 (n)

a

(n) (1)

'
a

31 2.25 HarffunstlszenidTnduaey (n) Mt dunsezgndldtaSunaay

WU Hard-threshold (1) WarfdunisiszgnaldtinGuilasuuny Soft-threshold
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2. Herfdunisdsrg e ldunEnilauusiia Soft  Threshold  AzuaAslHA

ANNN9N (2.34)

17,(x)=sgn(x)- max(]x| -2,0) (2.34)

a

TnelarfdunisdseynsldanEunlasusiin Soft Threshold aziansnuAn

[ v |

FutlszAnsaaannidmTauaudulnBulany TeddulsedAnsaasnniantAtiasng
niFunlasy Midustiaiiazdiudulssansaasoidn liiugud uidduilszdnsaasion
< al Al QI dl 6 o/ a dgj o 1 o/ a Ao‘l [~ 1 % a Qr
WANAININNINTAEN AW WenTdusiatlazlsuAduls@nanaunuAdndssdansuny
nEatuld Tnaazuansilaridunnalaw (Transfer function) aasieridunistseyns lduniza

\asuuLL Soft Threshold Tiagiit 2.25 (1)

N1IAANAUA LYY UILNIUIAININAENITUUAIUINAR AT ASTTU

nsuszenel 1T nEiasuEtin Hard Threshold wazatia Soft Threshold Jndszeinsfld 14
ABNTHARINAINNIUNIZANTBY waeiduntslscendldunBuilasuuuy Soft

Threshold laFumanuiauuinnanfetdunisseansdlduniEuilaausiin Hard  Threshold

2

[20]  iHesannuadnsn ldanieiduntstszenslduniEnilauuniin Soft-threshold 19

HAANEN INAANNTRaNgALIWIEENNINNgAT091 3R U TaN (Basov space) [12] [35] wax

q

\a9a1ni Generalized  Gaussian prior 1l Han17AININLTBS optimal soft-
threshold  estimator HLFRANAATIBEININ optimal  hard-threshold estimator 8N4
WardunsisvensfldliaBuilanuatn Soft-threshold wazlininwiiiwalandaiaridunig

Usegnsfldanizaidaauatin hard-threshold

TudasranedNeduun IERiauan1sannaudyy isunauLLL Wavelet

a

' '
= N

1 1 !
Thresholding 3aginaainuane Tneddmantiazlidnglszasd iNenanEuasuimung

1
%4

an auFun1saanaudyn1nsunouIeIn n aantsutlasvias Tnanldinlinwinls

o a a .‘E/ dl aca dla 1 o =
AMNNITAANAUATLTUIDUTUNAVINAAITHNNALNE Y C NIRRT GG | LL@%QﬂH’]N’]Lﬂ?‘HULVIHU

[

o X
AN
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20 30 :
201 =
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-3 | ] L I . | | ] -6 I I | : j I i
1 i 11 |
J[ﬂ]“- r ,l,JL -|I n ||]| '||I [ T |I||
gL || b . I11|. 8 ! e L
= Fi 'll'f rI ¥ Y l"l' M I_Ji- .Ir_}_ala. ey s e 1]] g
10 f—pH—ds o - -10] bt b
] f Iy [ : - | - I-:- oo , ittt
12 L -12
0 0.5 1 0 0.5 1
(m) ()

o el 1 T il

| -8 1 '
L J
EI'-»-H*J ‘ Hr—rnny |
r.rl 210 ——ti—4 L I T —
ll" bd A 1
=10 '
5 -12 :
0 . 1 0 0.5 1
Q) ()

317 2.26 [12] HANINARDUNIAANDUATYEYNDITLNIWGD VisuShrink (n) AarfdusiuuiiL
(1) Warids (n) ﬁgm‘umuﬁqaﬁagﬂ;qmwmuﬁﬁm?mmmr?Tf;LLummz{( N(0J)) (n)
FuszAnsreannianuaaieridu (n) (1) dus2@naaednnianaed (1) (/) 33 VisuShrink ()

Autlsr@Anireennianuadna VisuShrink
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2.6.2.1 38 VisuShrink [13] lunisaanaudtynyinsunay A13an1sndaGuilasuiuy
Universal Threshold iaualnennuddy [13] wntlszgnaldiudeidunisdseynsfldanizs
wlasusila Soft-threshold IngazannnsaunlnEuasy (Threshold, A4) l#annaunish

(2.35)
2= o 2iogh (2.39)

Tael o2 An AP UL svaesdy o tsunau

M A8 AMUIUTBIRANINLBINN

Tnenfianagounuiaidu Blocks  ugd 2.26 azwudn 35 VisuShrink

arunsnaanaudyusunaulanagumas uagelinai luan

¥

= Qdd”d = o Y o o ¥ v
“dan1asisiae danndudanlunisAatuanen Tinanias

“daa1inaasiaine azwuann i ldannnisaanaudyiusuniuiinag
= a o £ n:ll Y a a dgl a
s1uiFey (Smooth) Maniiwll vinlinmalfiAnAuRaiey N znaa nn1sigasil [13]

WU Aiunigeted iid il N(0,6%) i M % A1 azlaAndesndianuuinazfluils

=S

ANNN19IUNTA B AL Universal threshold #alAnge el M JAu nausazni 1
4
a

u

1
| =

' @ Ay v = | @ X o ey e ~
mmm%muﬂmmmzpma FanANaziiun Qu@ZV]’]IWH’W?‘]J?::N’]M@’]@EQQJ’]MW

o

gnanyiduaue

2.6.2.2 2% SureShrink [12] Jun1saanaudynmsuniuitnaualanesui|y [12] Tl
LWIAATT AMNAUANTRa9NIAANI Werinnisulannidnaesdnannnds AUy
AryrynuazaaniuegiflunguianT  widoyouiousunouazldsaniudungn Awanslugln
226 (N) Asdunisaanaudtyninisunauaaisadnlalag  nevin Aty oynisuna
= dl d} a o 1 ad . = o A %
91T (smoothness) NNNGA 99114348 [12] lAlawads SureShrink Tnaiinannisas i
o QI vy A . o dl % v & v Y o QI %
doyoyrauBusuanimazlan (jump) dyuiunaiunaunaznszlanfog &y uENsY
= o Ry v @ = 1% £ aaX | . ~
97UFY (smooth) &nyeyraunasanauiarsuBausae snataviluluy adaptive aeh
ARaLNIFazlAT near minimax 429321319 Basov scale T9UUIATa9T999E1918 Basov 1
g [ A '8 < dj dl a v aa ?/ a ai o Y o
azauatiunsidanisasionids  BalewsauinauAuasauRNna N sainlidtyans
= , aa A aal . as oA ° 2o A
SUNIUINLIFLLTW 35 kemels %3838 splines AntnanillaunsolfldAmand near-

¥ ]
minimax 11 Basov space 1§ feiuaslfifinnsinas SureShrink unld iieannaudyoyios
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sunaululamunnidn TnaaziinszuauninisunaaiEuitaaueg LunugeednIslszunn

AN8Y Stein’s Unbiased Risk Estimator (SURE) fig@ualael Charles Stein Imeiilunng

1
=

' ~ o . ~ 2 ' y
dsvinuAn g Winldnnsqeydeanuy Unbiased  |a—p4f  fAndesiign e

p=(u:i=1..d) dudnnmefiadezes x ~ N(xz.1) udsnimes Stein fnuunld
A(x)=x+g(x) T g=(g, ), fhuilefiuan R? Wl RY G Stein Tiuansinide g(x)

Tdannsnmayius ldAtANgadaannsnuans i Aeannnsi (2.36)

E [ 2(x)- uf* =d +E, {Jo(x)} +2v - g(x)}] (2.36)

e a

a i ) o/ 1 6 o/ ]
Tnel V.g= Zia—gi Wafansunsinszunan Iidudaidulsye niftia Gunlasunuy
Xi

Soft-threshold azlél 217 (x) =17, (x,) wazriunlszansiunauas Stein [14] THfeaunisd

(2.38)

SURE(2;x)=d —2-#{i:|x| < 2}+ i(jxi|m1)2 (2.37)

i=1

nannnsi (2.36) L1l unbiased estimator of risk R EH“/}W(X)—#” = E,SURE(4, x)

azldanEnlasuninlideridu SURE Hrntlasiigasiaannisi (2.38)
g =argmin, SURE(Z;x) (2.38)

TneidFenadudnise@ng x mna1duaes x| andeslduinuds Iniw

1
= o a

waen A ﬁ@giwdwm x| aasANaLRnfi (jxi|< x<|xi+1|) azN1 19 SURE(1) HA1

11nNN41A71 SURE(A = x, ) war SURE(1 = x,,,) uRa n19RansmuImnmn Ay Muuizas

arnnsainliinaalu x| Alegwindu SwinlddasannisAuiniadliiiu O(d) e d Ae

1 1
o 1 P

AumreAn x| Plegununaziiy O(N) e N Aeduauesdayaiduli/livenun
v !
[ =

1 1 1 £3 1
T9TUADUN1INT B RIUN N TaNa09R TN T Ha N s0uan leANgUT 2.27 1ia i

b

T =1{T,,.. Ty} An A1284 || Ml ldonmn Tae T, <T, <...<T,
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=

o nmsaandmanilaaulunsaiRdAdNLszANEIUUNg (Sparse case)

=Y

N19LAaaNANIALTNLLUABWAT SureShrink Ndeldana azn1lanmAaiNe
ﬂ?v’&‘VlﬁﬁJ‘NL’JWLZ\]ﬁl’ﬂﬂiu@ﬂ’my“ﬂ@\iﬂwﬂ?u’ﬂwmjﬂﬂL’J‘V‘IL@ FNNANWIUE sparsity NINNEA
Talpsea¥r9aas Sure %gﬂLzﬁwmmﬁmmﬁmmmuwmm AU NAy g Anyu

v
o o KR Y

uel AaTiaesias R suLY Hybrid Tngazudnqluanniai (2.39) uwazaunisy (2.40)

e

nt e \X SZSy
i) =) s

(2.39)
i COUEL A

gl

2
S;_Zi(zi -1) 5\ |09j/'di(d) (2.40)

way A, A navnainEailaauluy Universal Threshold

Ag A8 NMIVNTRGUIIREWLLL Sure FAIaNNTN (2.38)

3

TPENATNITANUIDUAIEAD TULTNAZUINIITRLADFANANNTN (2.40) AL
wdawdimesisaasuFaumeauiu Taadh s? <y, aziflu dense situations Taazld
AnFulaguu Universal threshold @vlufidinnuuald o =1 azlé A5 =,/2logd wsidn

s>y, auilu sparse situations  @earldlaFuilasunAwnlfaInanni (2.38)

v ¥ 1
duAaUNTAANEUATYIUIUILINAULLIL Hybrid Hanunsnuanelaaagiln 2.28

ilafia1s04n SureShrink WluuLLgesdia nefifuaugesaunn nx n azld

SURE(Z;Y) = —22| el * 3 (v, [a4f (2.41)

i,j=1

Tned aAb iflu min(a,b) uay Y, =X +V, o j=1...n e V; il id N(0,0?)

“dapuasisume azlan nnuinalandias VisuShrink

Py aa XA o o ¥ °
-URANNAITUAR mmmmaﬂumammmzﬂa



Set

=2

Yes

i=i+1

-

317 2.27 urun AN TIAGNIL AU Tn8ds SURE

end

47



Find SZ, 74

By (2.40)

If Sq+74

Yes l

No

Universal Threshold

A5 =0o4/2logd

SURE

Threshold function
7 (Y)

'

31l71 2.28 urunNsaANaudtyyIusLNIU In8dsnIs SureShrink

48
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2.6.2.3 9% BayesShrink [20] nnsaanaudtyi 1sLnulIsiaziansandaBulaauluus

azdaunutas Tnazaunf ATy unusAazinutaadnisnszaauuLng (Generalized

Y o

Gaussian distribution: GGD) 1a8Na1N19189 GGD & N130uaALFRaTl

GG, ,(x)=Cl(oy, B)exp-|aloy, B[ (2.42)

ne —co< X<, >0 Uy

aloy,B)= le[l;g’//g ﬂ (2.43)
C(O'X ’ﬂ): ﬂ'a(o-x ’ﬁ)
zr( i J (2.44)
B
r(t)= Teu“tld“ (2.45)

e o, o AndasLUNIAIgIW
A a 1 =<
£ A8 Shape parameter 4A1TEUIN 0.5 019 1

['(t) An Werlduunaudn (Gamma function)

ARG NAT U MNNZaN A ga1u1ratszunaslalaanisuidn 4 Anald
Weriduluannish (2.46) Handeedge wsanisun X Aldanudanaianndsasdaatia

‘1'71'23@ Lﬁmﬁﬂuﬁuz@mﬂmmwﬁmﬁu X
r(2)=E(X - X J =E,E,, (X - X[ (2.46)

Tag X Aa nannonaanaudouuinisunaudaiuiadduanas 4 Taad
al v o

~

X =n,(Y) uaz X ~GG, ,
aylginEulasuRvNIZad Aa

X (o,.)=argminz(4) (2.47)
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N4NUARE [20] AnEN RS URMNNzaN I BENNN (2.47) A1NITDAIWID

IEmuaNNNIT (2.48)
20y ) =2 (2.48)

Taed o? A A uutlstlsauansdyyinisunau

A % v
oy P ANHNLL9L99UIRIRTY BN U UL

1%

o? anunnilszannanldainuousias HH, sl

Median(Y;
o= —q”‘) Y, e subband HH, (2.49)
0.6745 )

wazannuuuanaasrasdyinnazls Y = X +V Tnadl X waz V illudaszranu

1% o

FaU AN LU TIUTRIAINA DN AU UTLNAY ANNNTDATUI U LAAINNATINURIAIN

Q v o

wistlsurasniwsueliu wazAnuulstsuresdnynnsuniusauansludaunnai (2.50)
(2.50)

2 2 2
oy =0y +0

Tneifl o2 A Aowwlssauaes Y @9 Y azdipuaandugud wldniuannisi (2.51)
2 l - 2
o =FZY“. (2.51)
i

P87 NXn AR AUIAUBILDLLIDEINNATOLN

Aatiu AouLLlstsuIsdtyn uinIneuRlil of aruisnAuanlAsell

oy = \/maX(O'Y2 -0’ ,O) (2.52)



51

lunstd ¢? > of, avaund o, Widuaud 39 1, (o, ) faziiAndu o 9

|
(=3 A =

TunnedfiRaziuua /‘LB(JX):maX(]Y”‘) Tnanstltlaviinduisalie o Hauinlig

11 o > 20 1wy

i’/ o ac . Y o
AUADULDINITAANDUATLTUNTUNIUIG BayesShrink &WN’]?DLL@@\‘&@@QE‘H

12.29
g
. ¥ -
I Wavelet Transform SISl > Inverse Transform —»
m{7)
i
Estimate Parameter
4 o, Oy ard A
By (2.52), {2.49) and (2.48)

317 2.29 uuNIWAAINITUNTIAGHLLALY Tned5 BayesShrink

3
v A aaad

-apra93stine arunInannaudyInsUNaulaANINAT VisuShrink LAz

ax . Y v P o = = ! o A

78 SureShrink  wazn i liainnisaianInnduazinusuBeundn wazlininin
' Qdd‘

waland1inau

¥ 1
aaad a

“dada1innesisuae ANaNnIen (2.48) Natd o > o, o, axgnvin iy

v
L o

Aud AU A (o) AaziAndu o uraluaaiuiiuasa ﬂg(ax):max(]Yij‘) was

s ¥ -
Aurlsv@Ananiaunmavgnuiudlueued
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2.7 wnasibumsilSauiinuannineasnw (Fidelity criteria)

[ [ %4

® ARFAIUNUNIUADANUAIIUTUNIU (Peak Signal to Noise Ratio: PSNR)

WuAfdnnnininaasninluluudnile (Objective) Anenenl

Avangludalsle (Subjective) [37] @nnsnun lfanannng (2.53)

2
PSNR =10log i dB (2.53)

1 S R 2
M x N ;;(X(m,n)_x (m,,n))

Toe R=2" ila L unuauauds uay R unuatsangeganiuhillfans

MxN  AUUIAUDININ

'
o A

X(m,n) RAeAIANAIadgTeINIniTaqiiuian (m,n)
= dl

R A 1 ! 1 v ° o
XT(m,n) ABATAINNABNAINNABININANIDINQA (m,n) d@1%5u

¥ 1
InenfinusatuiliAanmdiuaensadynyinusuniuw (PSNR) Wuanlddndse@nsnin

TraFandiAAnININTIN WA LAYINN13aANEUATYYIUTLINIBLAD
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NNSAANAUR U UIUTLNIUTBININ AENITATALTNLURAULLIUN RN

1
=

3
UNHAZNANDNNITAANAURTY I UTLNIULBININ  AReN1TUU e vLamd

taualudngtinug lngaznanafenistndulszaniraaania anatd19ALaNINa TN

a

[ %

P
7

KX ad o dl o o a dg/
TANINITNITAANAUATU U DUTLNAUNUIILAUD WAZAANLN JaNUaR T

o al o o a < o ' a
3.1 N1TaANaU Cyfy']m‘iun’)u’/lu']‘ﬁ@Eﬂ‘ﬂ@ﬁﬁuﬂ?gﬂﬂﬁmﬂqL')ﬂlﬂmﬂ'ﬂ%%’]\uﬂﬂﬂﬂq

NANTUN

ANNTANEINRASENaafuUNNIaANaRd Lyt suNIunaaNILAL Tuum

2 wudn nesuITnITaanaud I uIuNIY Aaanisudasianidnuuy Wavelet

'
a

thresholding {37 N nnaansiluiuinalana 38 SureShrink LaLAT BayesShrink LA

1
adaa o

¥ v v 1
AENTAANAUATY N UTILNINTIARIIBUAZNIZATNIN UULNAzWA Aetiun 1ian Gy

1
= % = a

dl 1 U all al a % a Qr < all
wasuileanaldmunzan mazdnliaBulasuddrnnnniull dudscdnsaadnnidani

'
o = A v

o a © o o ¥ HFTAa i~ a o § va a £
@qﬂmV]NmuqﬂL@ﬂﬂqzﬁ,]ﬂﬂq'ﬂﬂVN ‘Vi?ﬂﬂ'ﬂ]ﬂL?NLﬂ@ﬂuNﬂquﬂﬂLﬂu1ﬂ @zmqiﬂﬂﬂﬂﬁ\ﬁmmﬁﬁlﬂﬂ

D

]
[~ 1 o

<3 o/ = 1 v =] L4 dl v o
LfmlL@mmmfyaanmwmummmﬁlumgﬂmumi@ mmﬂumwmimfmmmmmmmfyﬂm

as J d”a dgj ¥ o o o a o 14 L%
sunaudBwaNHRaeulla nansualiy Aeiuulddy [21] THauenisannaudynyin
sunau Inatdudss@nsresomidanuFumud19neaNIfian s INeuAINgNFeY LAz

AN zaN lunvanENLaswasdul ss@nsresnnidnaasninduiudy ool

KX a wa

WA FeNatsuIanauantifrasaniandn dndulss@niaasnridaniauinlg

Auilsr@ndresnvidanagdnunastiunazlauinlundae viseidulszdnsaeoniand

1
< 4 o
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Standard deviation 5 10 15 20 25 30 35 40

(PSNR) (34.164) (28.155) (24.636) (22.178) (20.257) (18.728) (17.482) (16.403)

Wiener 36.138 33.597 3t IBE: 29.034 27.295 25.845 24.603 23.597
VisuShrink 31.064 28.186 26.706 25.738 25.053 24.544 24.141 23.824
SureShrink 37.972 33.608 30.712 30.316 29.385 28.295 28.078 27.322
BayesShrink 36.838 33.483 81633 30.381 29.356 28.646 28.048 27.452
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5x5 NeighShrink 39.639 35.102 32.41 30.466 28.939 27.704 26.65 25.778
7x7 NeighShrink 38.866 31.633 29.911 28.541 25.412 25.494 23.772 22.74
3x3 Proposed Method | 37.621 35.138 33.433 32.227 31.167 30.24 29.335 28.571
5x5 Proposed Method | 38.393 35.435 33.608 32.288 31.174 30.33 29.435 28.659
7x7 Proposed Method | 38.342 35.374 33.553 32.212 31.105 30.109 29.253 28.483
3x3 Proposed Method I 39.247 36.123 34.089 32.893 31.576 30.876 29.673 28.755
5x5 Proposed Method I 39.403 36.387 34.235 33.009 31.988 31.003 29.983 28.998
7x7 Proposed Method I 39.486 36.682 34.787 33.316 32.081 31.038 30.104 29.255
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Standard deviation 5 10 15 20 25 30 35 40

(PSNR) (34.164) (28.155) (24.636) (22.178) (20.257) (18.728) (17.482) (16.403)
Wiener 31.3264 29.9106 28.3422 26.8734 25.5898 24.4611 23.4829 22.5604
VisuShrink 28.2874 24.9907 23.4581 22.6004 22.083 21.7319 21.4714 21.2446
SureShrink 34.2772 29.6183 26.9041 24.7672 23.0436 21.9935 21.1665 20.2103
BayesShrink 35.7808 31.1347 28.8929 27.4168 26.3826 25.4222 24.6965 24.0457

3x3 NeighShrink 36.052 30.815 27.22 25.536 23.887 22.531 21.418 20.473

5x5 NeighShrink 35.321 29.746 26.493 24178 22.427 21.026 19.863 18.91
7x7 NeighShrink 34.883 29.062 25.474 23.323 21.324 19.907 18.617 17.549
3x3 Proposed Method | 35.872 32.187 29.812 28.14 26.822 25.75 24.861 24114
5x5 Proposed Method | 36.833 32.921 30.61 28.972 27.693 26.643 25.74 25.012
7x7 Proposed Method | 36.875 32.978 30.678 29.063 27.795 26.738 25.868 25.098
3x3 Proposed Method |l 36.989 32.875 31.002 29.076 27.872 27.098 26.34 25.876
5x5 Proposed Method |l 37.008 33.115 31.567 29.123 27.989 27.345 26.765 26.099
7x7 Proposed Method 37.127 33.204 31.898 29.342 28.121 27.565 26.969 26.122
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ABSTRACT

In this paper, we proposed a novel denoising scheme for
determining the arbitrary of a locally neighborhood
window-based denoising using SureShrink due to the
influence of waveler coefficient neighborhoods. This
approach is effective because at large value of wavelet
coceflicient its neighbor cocfficients will also have large
values. For the thresholding method, we use SureShrink to
find the best threshold in the window for each subband.
Experimental results show that our technique is better than
other denoising methods in term of PSNR.

1. INTRODUCTION

Traditionally, Images are corrupted by noise during
acquisition and transmission process. The goal of denoising
is {0 remove the noise from a corrupted image while
keeping the important image festures as much as possible.
In recent years, & plethora of work on using wavelet
thresholding or shrinkage, pioneered by Donoho and
Johnstone ((1], {2]) for denoising in both the signal
processing and stasistics cormmunity due to its effectiveness
and simplicity. In its most basic form, this technique
denoises in the orthogonal wavelet domain where each
coefficient is compared to given threshold and is set to zero
if the coefficient is smaller than the threshold; otherwise, it
is kept or modified (depending on the thresholding rule).
The threshold 2¢ts as an oracle deciding whether or not to
keep the coefficients. Most of the literatures ([1]-[6]) thus
far has concentrated on developing threshold selection
methods, with the uniform threshold or the best one for
each subband. Their most well-known thresholding method
such as VisuShrink (1] is known to yield overly smooth
images, becguse  of it threshold choice,
2y =a+J2log M (called the universal threshold and o
is the noise variance), ¢an be unwarrantedly large due to its
dependence on the number of samples, M , which is more
than 10* for a typical test image of size S12x512.
SureShrink (2] is a hybrid of the universal and the SURE
threshold with the choice being depended on the energy of
the particular subband. The SURE threshold is data-driven,
doses not depend on M explicitly, and SureShrink
estimates it in a subband-adaptive manner. Moreover,
SureShrink has yielded good image denoising performance
and comes close 1o the true minimum MSE of the optimal
sofi-threshold estimator, and thus will be the main
comparison 10 our proposed method.

48

Recently, several approaches are proposed by considering
the influence of its neighbors. The motivation of this idea
is a large wavelet coefficient that will probably have large
wavelet coefficients at its neighbors because wavelet
transform produces correlated wavelet coefficients. Cai (7]
introduced an adaptive block thresholding algorithm in
which the characteristics of the neighboring coefficients
were considered to determine shrinkage thresholds. Cai
and Silverman (8] proposed & thresholding scheme by
taking the immediate neighbors coefficients into account.
Their experimental results showed some advantages aver
the traditional term-by-term wavelet denoising. Shenggian
{9] proposed an adaptive shrinkage denoising scheme by
using neighborhood chrematistics. They claimed that their
novel scheme produced better results than Donoho’s
methods. Sendur and Selesnick ({10), {11]) proposed
bivarate shrinkage functions for denoising. It is indicated
that the estimated wavelet coeflicients depend on the
parent coefficients. Chen and Bui [12] proposed one
wavelet image thresholding scheme by incorporating
neighboring coefficients, namely NeighShrink. They
claimed that their approach is-valid because neighbors
coefficients of the large wavelet coefficient are probably
large.

This paper, we proposed a novel denoising scheme for
determining the arbitrary of a locally neighborhood
window-based denoising using SureShrink 10 find the best
threshold at the window in each subband. SureShrink uses
a hybrid of the universal threshotd and the SURE threshold,
decived from minimizing Stein’s unbiased nisk estimator
(13]. Experimental results show that the peak
signal-to-noise ratio (PSNR) of the proposed method is
higher than other denoising methods.
2. LOCALDENOISING METHOD

Let the original signal be{f;.i,j =1,..N}, where N is
some integer power of 2. It has been corrupted by additive
white noise and one observes

M

where lsy] are independent and identically distributed
(iid) as normal N{0,0“] and independent of {fu} The
goal is to remove noise, or “denoise™

8= flj tey, ij=l. N

il

Let g=1g;]. €={/,}, and e={ }; that is the
boldfaced letters will denote the matrix representalion of
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the signals under consideration. Let Y =Wg denote the
mateix of wavelet coefficients of g, where W is the
two-dimensional dyadic orthogonal wavelet transform
operator, and similarly X =Wfand ¥ =We. Note that

since the transform is orthogonal, {Vy} are also iid
N, o ):

The wavelet-threstiolding denoising method filters each
coefficient ¥ from the detail subbands (the readers are
referred 1o references such as (14] for details of 2D
orthogonal wavelet transform) with a threshold function to
obtain X, . The denoised estimate is then f = W ~'X , where
W' is the inverse wavelet transform operator.

There are two thresholding methods frequently used the
soft "and hard threshold functions. The soft-threshold
function (also calied the shrinkage function), as shown in

@),
7:(x)=sgn(x)- max( |4 - 2,0) @

would decide to take the argument or shrinks it toward zero
by the threshold A. The other popular alternative is the
hard-threshold function

()= x> 4 @)

the hard-threshold function would keeps the input if it is
larger than the threshold A ; otherwise, it is set to zero. The
wavelet thresholding procedure removes noise by
thresholding only the wavelet coefficients of the detail
subbands, while keeping the low resolution coefficients
unaltered. The soft-thresholding rule is preferred more than
the hard- thresholding for several reasons [3).

2.1 Adaptive Denoising using SureShrink
2.1.1 SURE Threshold

The SURE (Stein’s Unbiased Risk Estimator) threshold can
also be viewed as an approximately optimal soft-threshold
in terns of MSE. For a particular subband of window size
nxn,itis as following 2],

n
+ X

SURE(A.Y)=n? -2 § I >
"J=

£, [iYU|AAJ2 @)

(it
where aAb denotes min(a,b), and the SURE threshold is
defined to be the velue of A minimizing SURE(X,Y).

25 = argmin, SURE(,Y) ©)

439

136

where 2° s the threshold that minimized SURE(Z,Y)

We need to consider minimizing SURE(R, Y) in each
wavelet coefficient subbands. Let the wavelet transform of
the noisy observation in (1) be denoted by

Yy =XV ij=1elN 6)

where Vj; is jid as normal N(O,o’z). Conditioning on
X = x, by Stein’s result,

£y a(r)- '} = x]= £ [surE(2. )| = 2] @7

Moreovers, as we have done before, if the distribution of X
is approximated by a Generalized Gaussian Distribution
(GGD), then the distribution of Y is approximated by the
mixture distribution of GGD and as normal N(O,o’zj; or

Y=X+V while X follows a GGD and is independent
of V.

By the Law of Large Numbers,
1
— SURE(LY)= 1= 26, {5+ E (a2} @

taking expectation with respect to the GGD on both sides
of (7), risk can be written as

H)== Byl -’

1 .
- n—lﬁyswzz(,z, Y) (%)

=1-2Ey I+ Ex (Y]As)

Comparing (9) with (8), one can conclude that minimized
SURE(A,Y) threshold is

A= (J?)SURE(/I,Y) (10)
n

2.1.2 SURE Threshold uses a Hybrid scheme

The SURE principle has a drawback in situations of
extreme sparsity of the wavelet coefficients. In such cases
the noise contributed to the SURE profile by the many
coordinates at which the signal is zero swamps the
information contributed to the SURE profile by the few
coordinates where the signal is nonzero. Consequently,
SureShrink uses a Hybrid scheme [13].

In our case p is the soft threshold estimator
Ax)=n(x) . In detil, the Hybrid method work as
follows: The losses while using an universal threshold,
2y =o‘J2]ogM , tend 1o be larger than SURE for dense
situations, but much smaller for sparse cases. So the
threshold is set to 4, in dense situations and to 4, in
densc situations and to in sparse situations. Thus the
estimator in the hybrid method as shown in (11)

)= {n &, )

7y (X)

2
atd b

s2>y
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TABLE 1
PSNR -RESULTS IN dB FOR SEVERAL DENOISING
ALGORITHMS WITH LENA IMAGE

Noise Standard Deviation o,
(PSNR of 10 20 30 35
Noisy image) | (28.16) | (22.18) | (18.73) | (17.48)
Wiener 32.98 29.03 25.84 24.60
VisuShrink 28.18 25.74 24.54 24.14
SureShrink 33.61 30.31 28.29 28.08
NeighShrink 35.10 30.47 27.70 26.65
3x3 LNWS 35.14 32.23 30.21 29.34
- 5%5 LNWS 35.44 32.29 30.24 29.44
7x7 LNWS 35.38 32.21 30.11 29.25
TABLE 11
PSNR ResuLts IN dB FOR SEVERAL DENOISING
ALGORITHMS WITH BARBARA IMAGE
Nois¢ Standard Deviation o,
(PSNR of 10 20 30 35
" Noisy image) | (28.16) | (22.18) | (18.73) | (17.48)
Wiener 29.91 26.87 24.46 23.48
VisuShrink 24.99 22.60 21.73 21.47
SureShrink 29.62 24.77 21.99 21.17
NeighShrink 29.75 24.18 21.03 19.86
3x3 LNWS 32.19 28.14 25.75 24.86
Sx5 LNWS 32.92 28.97 26.64 25.74
7x7 LNWS 32.98 | 29.06 26.74 25.87
where
2
52 = z (X l) , = loggll(N) (]2)

JN

2.1.3 SureShrink applied to image denoising

We first obtain the wavelet decomposition of the noisy
image. The SURE threshold is determined for each
subband using (4) and (10). We choose between this
threshold and the universal thresho!d using (11). The
expressions s and y in (12), given for o =1 have to
suitably modified according to the noise variance of the
cocflicients in the subband.

While SureShrink uses a hybrid of the universal threshold
and minimized SURE(A,Y) threshold. This procedure is
in a sense optimally smoothness-adaptive: it is near -
minimax simultaneously over a whole interval of the
Besov scale; the size of this interval depends on traditional
smoothing methods-kemel, splines etc. [2}. The advantages
of this method are particularly evident when the underlying
function has jamp discontinuities on a smooth background.

2.2 Neighborhoods Window Approach
The wavelet transform can be accomplished by applying

the low-pass and high-pass filters recursively at the same
set of low frequency coefficients that mean wavelet
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cocflicients are correlated in a small neighborhood
therefore large wavelet coefficient will probably have large
coeflicient at it neighbors. For every wavelet coefficient of
our interest, we need to constder a square window around it.
And we apply SureShrink to estimate the thresholds in each
square window, as shown in Fig,. 1.

In this paper, we confined ourselves to squace-shaped
neighborhoods with fixed size, for simplicity. In general, it
would be desirable to automatically select both the size and
the shape of neighborhood region, because window size
around the wavelet coefficient has influence on the
denoising ability of our proposed algorithm. The larger
window, the relatively smaller the threshold is. If size of
the window around the pixel is too large, a lot of noise will
be preserved, so an intermediate window size of 3x3or
Sx Sshould be used [8), but sometime it depends on the
detail of image. In this paper, we use neighborhood
window size 3x3, 5xS5,and Tx7

In our method the locally window image denoising
algorithm can be described as follow:

1) Calculate the 2D wavelet transform of the noisy image.
2) Modify the SureShrink to estimate the threshold in each
square window.

3) Compute the 2D inverse transform using the modified
wavelet coeflicients.

3. EXPERIMENTAL RESULTS

To compare the performance of the proposed method with
the various denotsing methods such as VisuShrink,
SureShrink, and NeighShrink. We simulated two test
standard images, Lena and Barbara (512x 512 grayscale
image), with different noise levels o =10, 20,30, and 35.
All simualation we performed the wavelet transform
employs Daubechies’ least asymmetric
compactly-supported wavelet with eight vanishing
moments [I5] and with four scales of orthogonal
decomposition. We have also made coruparisons with the
Wiener filter, the best linear filter possible. Image
processing toolbox, wiener2, in the Matlab was used with
the default setting (3x3 local window size, and the
unknown noise power is estimated).

[n the Table 1 and 11, our method is varying square window
size of 3x3, Sx5,and 7x7 that we call this method is a
tocally neighborhood window-based denoising using
SureShrink (LNWS). The proposed method was compared
with various denoising algorithms in view of the variation
in the noise standard deviation. The PSNR is defined by

ps~n=2o.1ogw[—-$5 ] (13)

SE

where RMSE is the root mean-squared error given by

(14)

where N is the number of image pixels.
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Fig. 2. Comparison the performance of the various
methods on Lena with o =10. (a) Original. (b) Nosy
image, o =10. (¢) Wiener filters (d) VisuShrink. (¢)
SureShrirk. (f) NeighShrink. (g) Our propose algorithm
(5x5 LNWS).

The PSNR from various methods are compared in Table 1
and Table II for Lena and Barbara images respectively. The
rows in these tables refer to, respectively, Wiener,
VisuShrink, SureShrink, 3x3 LNWS, 5x5 LNWS, 7x7
LNWS. Table I, we can see that our algorithm outperforms
Wiener, VisuShrink, and SureShrink for all case.
VisuShrink have denaising power when the noise level is
high. Under such condition, VisuShrink produces even
worse result than the original noisy images. Especially, at
Sx5 LNWS, our algorithm makes a good result than the
other denosing methods. Fig.2 shows the resulting images
of each denocising method for Lena at o=10. By
investigating the denoised image in Fig. 2 it appears that
our algorithm produced smoother and clearer denoised
image than other denoising method. In the case of the
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Fig. 3. Comparison the performance of the varnous
methods on Barbara with o =10. (a) Original. (b) Nosy
image, o =10. (c) Wiener filters (d) VisuShrink. (e)
SureShrink. (f) NeighShrink. (g) Our proposc algorithm
(77 LNWS).

Barbara image shown in Table II, our proposed method
also outperforms the referred denoising  algorithms.
Especially, at 7x7 LNWS for the resulting denoised
image in Fig.3 our algorithm is the best clear denoised
image.

4. CONCLUSIONS

In this papes, we established that our propose using a
locally neighborhood window by varying size of window
can cfficiently remove while Gaussian noise. By using
SureShrink, the best threshold in the window of each
subband can be estimated. Experimental results shosw that a
locally neighborhood window-based denoising using
SureShrink ouvtperform other denoising methods. Through
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the result, the peak signal-to-noisc ratio (PSNR) of our
algorithm gives bener performance, which produced
smoother and clearer denoised image. In addition, we
suggest to use our algorithm for practical image denoising
application. In the future, we will continue our work on
more advance technique in order to improve the denoised
image technique.
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