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o 48T0684621 :  MAJOR ELECTRICAL ENGINEERING
KEYWORD :  BIVARIATE SHRINKAGE FUNCTION / MMSE ESTIMATOR. / MAP ESTIMATOR / NEIGHSHRINK. /| WAVELET
PACKET ZEROTREES

PICHID KITTISUWAN : IMAGE DENOISING USING BIVARIATE SHRINKAGE FUNCTIONS AND
WAVELET PACKET ZEROTREES. THESIS ADVISOR. : WIDHY AKORN ASDORNWISED, Ph.D., 121 pp.

This thesis presents image-denoising methods performed within wavelet domain scheme by incorporating
neighboring coefficients, namely NeighShrink, and at the same time denoising the image with Bivariate Shrinkage Functions.
The ideas of Bivariate Shrinkage Functions are to model the signal based on MAP and MMSE estimation approach.
Furthermore, local variance estimation is applied to further improve the performances of the methods.

Besides, this thesis also applies the wavelet packet transforms by which the best tree is determined based on standard
entropy method to denoised image.

Experimental results show that ours proposed methods have generally better PSNR than NeighShrink and BiShrink.
Except NeighShrink applied with Bivariate-MAP estimation method. [n particular, one of our proposed methods using wavelet
packet Zerotrees have much better PSNR in oscillatory images, e.g. Barbara test image.
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X(y) y

g1/ 2.12 fanFugaisunlaouriia Soft-Threshold
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2.3.2 Hard-Threshold
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auyA i dyadunuuinsnsze@uY Generalize Gaussian Distribution (GGD) Iagiinis
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2 _ 2 2
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A o A o [ A < 1 .
Y, o ﬁtgﬂunmmmmmaaauﬂﬁzﬁmnmamiumu Parent (Observe signal
Parent)
A o 9 o A 3 a . .. .
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n, Ao dyaasunIuluaIuve Parent (Noise signal Parent)

a

Tagluauiden (8] ldeuydlddyaiusuniuludiuves Parent ag Child HdnbazmInszae

5]

o A o 3 a o o '
Fmieunuuazudaszaniu (Independent and identically distributed: iid) TagTHanFunNUHUILY

Y
anuthaziluaaae liil

1 n’ +n? (2.22)
f,(n) = exp(-———2), :
E(_) 27[05 p( 202 )

n

2.6 sikszanamnuneziumevdsgagasiia 2 Ay

a

Tuadden [8], [9] wag [10] "lﬁﬁmm/mammgﬂuuumiﬂszmﬂﬁwmmmﬁnﬁufﬂjm
@ a I @ 1 @ o A &
duilszansnridalunun 2 danlsTaeldnwongwdoya Corel tdmuNMsnszaeaIvosdulszans

v 4
nvldalunuy 2 dunlseeiizlsdagid 2.15 de'lui
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X, (Parent) X;(Child)

A @ o A <} v o
37 2.15 manszaredrvesduilseansnmiaalugianuduwusuny Parent tag Child

Py aw A o o o o ' ' s o .
wenviniluawdsen (8] &1 ldinaueilanduanumuuniuarninzilu (Probability Density
{ v o 3 o !
Function: PDF)  fl#lumsiszanaanuduiusvesaiaalugil 2 dunls 13eglugimsnszaenuy
. . . . . g = J o 1 ] I @
Radial Exponential Distribution °lu§1JLLmJ 2 auls Tasligumsiansuanuruiniuanuiduas

ANMIN2.23 tazgluaninisnszaedinaglan 2.16 muday

3 -3 (2.23)
f,(x) = - exp( VX7 +X3)
2o o
o
2 &
ST
g
2%
—~ B2
k!
I s
X, (Parent) )
: x, (Child))

o do : . & o
Eﬂﬁ 2.16 WINFUANUHUMUUANNUIT UVDINTNTZDIBAWLD Radial Exponential Distribution
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Tagluaddon 8] ldaswiamaumsdssnadynnaieandyanasuniunnals 35

i £
Uszanaanuinziilumondegagauny 2 duls Taotiaumsild lumsfuna dede il

X(y) = argmax(Inf, (x,y)+Inf,(x) (2.24)
VINANHULVOIT YA IUAULLULDY ‘”ﬂujﬂgmiumuiuﬁumﬁﬁ 2.22 1Ay 2.23
1 n’+n
f.(0) = eXp( '\/XI +%3 ) f,(n) = T exp(————>)
2ro, 20,
AU
1 (= X) + (Y, = %)’
fay) = exp(- 2 Yo T
X (X X) 27rc7§ ( 26§ )
mmaumsi 2.24 emaumsild lunsdszua Ty (%,(y)) fese liil
(Y1_X1)2 (yz _Xz)2 3 \/5 2 2
— - +1In 22X +x3) = 0
OX, ( ( o, 2~ 207 207 (27r02) o' )
Yi—X «/gxl 0 (2.25)
T oy XX
(y1 _X1)2 (yz _Xz)z
—(In - ——1/x +X =0
oX, ( ( 270, 7)™ 20, 20, ) PH)
Yo—X «/gxz _ 0 (2.26)

2
o oy X; + X2

Woudaumsi 2.25 uazaunsn 2.26 1 ldaumsiszanadyaiawny 2 duls fe

(WY +y: - J}U

X(y) = 2.27)
e \/Y1 + y1 8

4 {0, g<o0
ile g, =
9, 9g>0



33

1] [ Y
Tuaaden [8] IdGeniTaadyausuniudeaumsi 2.27 19135mM3 BiShrink tagldims

naaoulounsszniaumsnlFlumsdsznadaana (X (y)) luaumsi 227 fudyanauiduna 1@
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v o ~

v v Fd Y
wwnuNansazvesaumsnFlumsssnadyanaiviziunudyanunduna’ld sisludiuves Parent
. a 2 A1 o a < 1 1 a
way  Child  eweuyaguluwamsmlaandidanndulszansniaaludiuves  Parent 119zl

v o dou o A <2 ' . o = £ = £
anuduwusnudulseansniaaludiu Child ﬂﬂuﬁﬂ\ﬂu?ﬂ‘ﬂ 2.17 HIAWINANUNITN 2.20 HITUNIT

4
o =< [

szinadygravzvunudygraluadiuues Child ilesod1aufed Azl 2.18

uonouny dewWnsy

Yy, (Observe signal Parent)

y, (Observe signal child)

9
o o

= o R N ] ' .
317 2.17 wansgnuvesaumsszmnadyana lunsanmianedyaiunaluaiu Parent ag Child

Y]

uonouny djewWnNSy

Yy, (Observe signal Parent) y, (Observe signal Child)

A o

317 2.18 wansgnuvesaumsiszmnudygraslonnsammnzdyga luaiu Child pd1ufed
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2.7 aisan)asunuuio 984 (NeighShrink)
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v a0 A g Ao AYYo an A 79 9o o
ﬂuﬂ’)ﬂiﬂﬂﬁluﬁ'luﬂﬁlﬂﬂ [22] !'flJ‘lNTL!’J%EJL!f.iﬂ'V]llﬂln'\]‘ﬁﬂ']ﬁuiJ'lTJiqulﬂ@ﬂ‘]fﬂUﬂ'lﬁﬂﬂﬁiyiy1mﬁJﬂ'J’L!"UENﬂ'IW
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é’]J'JfJ'J'ﬁ Visushrink Iﬂﬂﬂ1ﬂ1§ﬁ%}1\1‘ﬁﬁ}1ﬁ1ﬂ (Window) é’amouﬁuﬂ53mnm’JWLammiwzwmimmasm
a Q( a g/} a Q 1 1
duszanluusnaniuan Ansanlumsaadyanasuniudie Tasvuantiiaends e (Window size)
= I a A o A o [ ) Y Y o a = I
wedlvnatluvamennuanuas lumsiiuiu Iasliategeamsas unihadensevdulseansian
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Mgz momaulszaninosduluuSnaniudeg i 2.19 ae il
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O

O

ONORCGRONG,
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OLO O O

P

Yijk
1 2.19 myadmihavua 3x3 e l41u3% NeighShrink

an B a P at Y o a vy
AUNITIT Visushrink HHUDNIINNITVYULNUAIITUNITN 2.9 lLa'JfNﬁWlnﬁﬂlsUfJuuﬂuvlﬂﬂ'Jﬂ

' v
UM 3.6 aaae lil

o th 2.28
Xie(Yi) = (@ ) Yik (2.28)
|yj,k
ile th Ao ABMsfuuaEuasunuy Universal (th = o, 4/logN)
4
N Ao Snudulszansimlida
) C .4 . median(HH )
o, Ao M udeuUUNATTIUYITYYIUTUNIY, o, —ooas

Av A o a @ a = <3 a 1 .
Tagluanaden [22] laiimsaanansznuvesdulszansnvidaneluusnamiiiea (window)

A o v A YA o v 1 dy
mnmansan ilianyue mma“lﬂu

Six = Zyiz,l (2.29)

(i.)eB;
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o a 3 A 1 a Y A v d’i’
Ty Vi Ao dulszanidanedluninamimanadaay

A a v o4y £ A o
B, fo vinamrhaias e nnsan
aumsnlFandyasuNIUAI07D NeighShrink Ao aun15f 3.8

XieYi) = YiuBix (2.30)
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Sik

)

2.8 anuulsUsIunuUNe 09U (Local Variance Estimation)

i 3 Y v
TugwAdon [10] 1dlimsdszgnaldwanmsmaanuulsdsiunuuiesduiiu  Tasdeeguu

a Ao A 3 A 3 a o o = o o a 3 Aa
ay gmmm’dnﬂizﬁmnwmwmu1@°l°ﬁmn%zagmmiumummmnu duldszansniaanivina
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@ 1

1 @ o 3 4 [ Ya a QSJI
WoIAANULTUNU @N“Ll‘Llﬂ'liﬂi$3J1mﬂ'lﬂ'3'lﬂllﬂiﬂi'3u“llﬂﬂﬁﬂluiy']mIﬂﬂi%?ﬁﬂ?iﬂﬂﬂ??ﬂllﬂiﬂiﬂu‘ﬂﬂ

oa

<
an

o—

D

9 ' 4
i himunzan  lunudsediteddiiauendnmsdsznannunlsdsiunuudesauiu  Tasmsads
Y VA 9 9 1Y a & I 1 . A o 1
nyeUNINANVINAMITIIdeIMaenseudulszaninidaludi  chid e iuImuMIAIAY
3 § 3 4 3 a Qd ] ! 1
nlsisruvesdyanunduna ldme 14l umsdszununnuudsilsiuvesduilseaninliaa  Agananag
4 v ' x
wihaaiu Tasdfivnanthae (Window size) uavriiennuaumas lumssnuaziineazidon

) Y A o a 3 A 2 o ~
MaasrinmaiiomaNuulslsruvesduilszansnidansnuiudegili 2.20

Observe signal Parent Q Q O O Q O
OCB®OOO

N(k) Neighbor coefficients

2V (2.31)
2 i,j=N(k)
O-y - k2

Tae N(k) o V3w
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2.9 N IUNYY IUSOAN VA YYIUIUNIU (Peak Signal to Noise Ratio: PSNR)
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v
a a d o Y v v @ . . a g 1 o
Tuanantnusafuilsariaganimveannlunuudniy (Objective) ¥Ha das1dIUTyQIU80A

v o

Y a o . . =
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Y
M faae 11T

o

PSNR = 10log( [ ua 256 - ) 232
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Tay
M x N o VUIAUDININ
X, j) fio AnmAuRLY
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£ o Yo an o v an A o Ay
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o 4 o Y] A I
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a 4 ° % ax 1y ' A o
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{ @ 3 g % o a a @ [ :/l
maetiosga lumsdszunudygruniuldagaihldlssansamlumsandyausuniudosas auiuly
a a o’w:dy-ﬁ Iq a1 a o A 9 I ax
Inentinusaiviinalszgndlditmaanaiadidiaeunietiosga  (MMSE) Iudtmaumsdszuim

o £ Y1 Aa o w a g o 1 Aan v 1 dy
anudg limAanaadidedeunaetiosgalumsdszmnudyananivou Taelidtmaeae lui

aa ' A o v d' t’4 a U
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{ o a o A o
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AuUUVTMINTZNAMUY Radial Exponential Distribution Iuuuy 2 @dwdslaeldismaumsnly

@ 1 1< @ At @ A ] an
Usznadygaluuaimingiumendsgega (MAP) udrlditmsandyamsuniuiiGenin 35
. . ' v 9 A dy Y o = =R an 1% 9 ad 1 Aa o W
BiShrink  tg lutiaden 3.1 Hez 1dkimsAnudaismsaadyanasunmudiedtlszinamdanaiaiig
deundeilosga (MMSE) uuu 2 dwdlsuazdinldzluuumsnszanedvesdyanadunuylunyy

. . . . . A a = Aq ¥ 3 o > ' d’l
Radial Exponential Distribution tmijouan Taetiaumsildlszunadygruasaumsi 3.1 ae Tuil

X(y)

_ lefyx(&x)fl(x) . (3.1)
f,(¥) -
Tag
B = [fyepdx = [f,enf,00dx

v w0

4 v ¥
(5L )351 DY Radial Exponential Distribution Wiiinnudusiug aeae lisudulssiiadu [23]

X = Jzw
4 o I a o
edauls W iy Z ifludaszannu
J @ { @ =~
Tas X o NNABFUBIAMUTNNTZ0AMUY Radial Exponential Distribution Iaedl

' A ° @ "o
Aoty o tazdwaudulsimny d
@ Aa @ o = . . . . a
z o aulsniimsnszarednuuend liuuigea (Exponential Distribution) laedl

1 LI 13
Aunaalu 0 tazanuulsisiuaauilu 1
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T2 axn(_a? 1 —[]
qza exp(-a )(mz(&ayﬁ aievenmelio b

fzaexm—az)( [ (Txl exp(—(ylz'—fl)z) exp(-——yix
0 R4 —oo On 2a ( )

(yz—X2)2+(y3—X3)2+ ~~~~~~~ +(yd_xd)

3 exp(— >
(2707)? i

2 2
X3+ X5+

(= X )X, AX; oo dx, )da

1
cmkor) T 2a'(ko)

40

(3.2)



w ko), ! o
2aexp(-a’) X - ———exp(-—— ———)da
! 2z @ (ko) +62))? z@* (ko) +02)) 2@’ (Vko)* +02)

[ %y (6 ) £ (0]
Rd

(27) 5 0 (a (\/_O') +0; )2 2(a”(vko) +0oy,)
wlavusauls Taely t 2

a.2 + n
(Wko)?

et
.f X fyx (Y Fx (Ofdx - = 1 I ' (J: o M
2

5 exp(—t + L

@ d d 5
(27)? o (Wko)2t?2 (ko) 2(«/_0')t

(ko)

=

. . . Y
Weuaus lu 3 1] Generalized incomplete gamma function 9% 18

exp(
_ (\/_ )2 d Hy“
Rjd X, Fyx (6 ) F (0]d X| orifkor )2[ - (J‘ ko) 2(Jk o-)

(3.3)
2

ol . 0 V.
ko) 2 (f ko 20k, a)

vinaumMs lumssznadyaanun MMSE 2 @awils aumsh 3.1 Woaumsi 3.2 uag 3.3

a v v o A o o
unvadluannsi 3.1 uad v laaumsdszmnadyananiieduisnuy MMSE wuv 2 dauls Tugl

4
Generalized incomplete gamma function fane 'l

(i’ O-: . ”X‘z )
) =y - o2 tker 26ke)
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NeighShrink [22] Wavelet Transform NeighShrink 3.6
BiShrink [8] Wavelet Transform MAP estimation 2.27
MMSE_BiShrink Wavelet Transform MMSE estimation 3.5
MAP_NBiShrink Wavelet Transform MAP estimation and NeighShrink 3.10
MMSE NBiShrink Wavelet Transform MMSE estimation and NeighShrink 3.11
MAP_BiShrink. WP Wavelet Packet Transform MAP estimation 2.27
MMSE BiShrink. WP Wavelet Packet Transform MMSE estimation 3.5
MAP_NBiShrink WP Wavelet Packet Transform MAP estimation and NeighShrink 3.10
MMSE NBiShrink. WP Wavelet Packet Transform | MMSE estimation and NeighShrink 3.11




U ke <
4.1 M3aadyanusunIUMNmsHamsulaslian

4.1.1 wamaSeumeuaIiSUNIN Lena

49

= as o 1 { o a a J v yw
uaaswamalSoufieuifaadyanasuniuuuuaig i laduaue 3luinedwusatuiinunn

] = Yy o A 2
Lena TﬂElcl‘]fﬂ'lw%Qﬂaﬂ%ﬂuﬂﬂﬂﬁﬂluﬂlu'lmiﬂﬂ’m% o, =

1 9
dyanusuniuasgli 4.2 ae'lail

(M

C!' = = ad Q/
717 42 mmmanfSeumenisandy

4

f

(M MmdyuIunIul o) =

25

< @ ' =] = as
wWudesy uaaswalSewneuisan

YIVIVAIUUVUAIE) FIHTUNIN Lena

25, PSNR =20.204



(V)

()

50



()

Q)

51



52

(@)

317 4.2 (Ap) MmmsnfTsuiisyITaadyaIUIUNIVUDUAINY dIMSUNIN Lena
(V) 75 NeighShrink (5x5), PSNR =28.63 (f) 75 BiShrink (5x5), PSNR = 30.059
() 25 MMSE _BiShrink (5x5), PSNR =30.176 () 95 MAP_NBiShrink (5x5), PSNR = 29.829

(2) 75 MMSE_NBiShrink (5x5), PSNR =30.213
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M13197 4.2 uaasaumaouazANuNlsUs1uvesal PSNR 40935aad o s sun U mtu a1 luns

k4
T1l5un53 5 A59 YDININ Lena

Standard deviation of noise (SD) 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3 x3) [22] 33.839 32.119 30.883 29.906 29.134 28.461*
Variance of PSNR 0.00020024 0.000592 0.00051104 0.0007104 0.000162 0.0013762
BiShrink (3x3) [8] 34.216 32.201 30.733 29.554 28.64 27.741
Variance of PSNR 0.00020664 | 0.0006108 0.0011186 0.00039744 0.0017898 0.0029054
MMSE_BiShrink (3x3) 34.428 32.432 30.975 29.803 28.88 28.006
Variance of PSNR 0.00015064 0.000115 0.0004804 0.0001772 0.00096024 | 0.0023158
MAP_NBiShrink (3x3) 33.95 31.956 30.553 29.442 28.592 27.776
Variance of PSNR 0.0001808 0.0011392 0.0016794 0.0013782 0.0020722 0.0030038
MMSE_NBiShrink (3x3) 34.543* 32.596* 31.18* 30.047* 29.142* 28.31
Variance of PSNR 0.00016264 | 0.0000609 0.0006716 0.00032504 | 0.00026176 0.002205
NeighShrink (5x5) [22] 34.168 31.792 30.053 28.63 27.524 26.429
Variance of PSNR 0.0004448 0.0014718 0.0050082 0.002251 0.0031294 0.005183
BiShrink (5x5) [8] 34.338 32.452 31.108 30.059 29.241 28.484
Variance of PSNR 0.00017176 0.00018976 0.0005634 0.0001404 0.0003469 0.0014562
MMSE_BiShrink (5x5)) 34.493 32.598 31.24 30.176 29.333 28.564
Variance of PSNR 0.00010984 0.0000592 0.0005008 0.00045616 0.0001838 0.0014614
MAP_NBiShrink (5x5) 34.014 32.127 30.813 29.829 29.032 28.363
Variance of PSNR 0.000026 0.00056696 0.000982 0.00053944 0.0002884 | 0.00089504
MMSE_NBiShrink (5x5) 34.514* 32.624* 31.268* 30.213* 29.374* 28.623*
Variance of PSNR 0.00011104 0.00018576 0.0009094 0.00060736 0.0000618 0.0017286
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(5x5), PSNR = 27.41 (A1) 75 BiShrink (5x5), PSNR = 28.09 (¢) 35 MMSE_BiShrink (5x5), PSNR =

28.222 (9) 75 MAP_NBiShrink (5x5), PSNR = 27.848 (2) 35 MMSE_NBiShrink (5x5) , PSNR =28.194
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Tuas19i 4.3 naasaundsuazanuuisdiiuaesnl PSNR wedisaadyanasununuuanies lu
k4 4 i
M3 150Ny 5 A59 YBININ Boat Nanihanuuia 3x3 uaz 5x5 dmlugln 43 (¥) uaz 4.3 (@) 92

1 § a, [ 1 3 E2
uaaansilseuineununde PSNR ﬂlﬂﬂ?%ﬂ'liaﬂﬁiyiy?miﬂﬂ'JuLL’]J'U@'IN"‘]T]QWNW]'NGUH']@ 3x3 uay
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o w 1 a o . . o & A
5x5  awdey  TagszwunitmsandyaIasunIuuUy  MMSE NBiShrink  viuaziiuisnla

A

a a o aa Y Y 1 as Q’/‘ Y aad
“JJiZE‘T‘V]‘ﬁﬂTWGl‘L!ﬂﬁﬁﬂﬁiquLﬂmillﬂ?uﬂﬂq’ﬂm@i“ﬁﬁu?ﬁﬁﬂlUWﬂ 3x3 @9UIDT MMSE_BiShrink Hwdulsn
ad

N

=\ a a o A [ 2 =l 9
tilszansnmlumsaadyanasunuangaieanumlsisvesdyanusuniuy (o2) Nawnnuazls
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M13199 4.3 naasaupasazaulilsIuvednt PSNR vedisaadgyanasuniunmeuuaeg lums

9
Tds5unsu 5 AS9 YOININ Boat

Standard deviation of noise 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3% 3) [22] 31.639 29.862 28.587 27.65 26.867 26.249
Variance of PSNR 0.00023784 | 0.0004268 0.0004858 0.0005194 0.0004029 0.000289
BiShrink (3x3) [8] 32.432 30.417 28.957 27.834 26.915 26.111
Variance of PSNR 0.00008984 | 0.00023936 | 0.0005070 0.0002798 0.0005338 0.000531
MMSE BiShrink (3x3) 32.559 30.583 29.155 28.06 27.147 26.362
Variance of PSNR 0.0001292 | 0.00012896 0.000254 0.0002186 0.0004066 0.000362
MAP_NBiShrink (3x3) 32.243 30.206 28.748 27.65 26.786 26.026
Variance of PSNR 0.00012184 | 0.00031936 | 0.0012974 0.0005098 0.0007138 0.001268
MMSE_NBiShrink (3x3) 32.611* 30.659* 29.261* 28.194* 27.302* 26.546*
Variance of PSNR 0.00016024 | 0.00012936 | 0.0003418 0.0000902 0.0003318 0.000296
NeighShrink (5x5) [22] 32.662* 30.402 28.734 27.41 26.368 25.375
Variance of PSNR 0.00006296 | 0.0005428 0.0020706 0.000705 0.0014268 0.00254
BiShrink (5x5) [8] 32.405 30.5 29.127 28.09 27.238 26.533
Variance of PSNR 0.0000588 0.00010024 | 0.0002418 0.0002054 0.0002146 0.0000942
MMSE_BiShrink (5x5) 325 30.603* 29.242* 28.222* 27.367* 26.661*
Variance of PSNR 0.00014816 | 0.00009664 | 0.0002198 0.0001966 0.0001836 0.0000653
MAP_NBiShrink (5% 5) 32.193 30.245 28.866 27.848 27.04 26.367
Variance of PSNR 0.00001384 | 0.00004384 | 0.0002686 | 0.0000386 0.0004966 0.0002558
MMSE_NBiShrink (5x5) 32.48 30.569 29.213 28.194 27.352 26.646
Variance of PSNR 0.00014696 | 0.00010616| 0.0003549 0.0000894 0.0001278 0.0000706
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711 4.4 (99) MMM alTeuMevITandyIUIUNIULVVAINE FIMTUNIN Barbara (¥) 35 NeighShrink

(3x3), PSNR =26.536 (A1) 75 BiShrink (3x3), PSNR=26.921 (4) 35 MMSE _BiShrink (3x3), PSNR=
27.068 (3) 35 MAP_NBiShrink (3x3), PSNR =26.921 (2) 75 MMSE_NBiShrink (3x3), PSNR =27.152
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115199 4.4 uaasamasuazaNuusUsiuvesal PSNR Yot andaa s un unuuaniee 1y
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uaasnshiSeufisuaunae PSNR ¥0935andqq s unIuuuuagfantiaeme 3x3 uag 5x5

o o 2 1 a o . o o a
aud1ey TassgdunamiuiniaadyanusunIuuuy MMSE NBiShrink wnagldszaninmlumsan

'
o A

1 v
dayanusuniudngaiie lmiaauuia 3x3 @38 MMSE BiShrink Wuazldlseaninmlumsan

o ad A o 5 A Y Y
ﬁﬂgaunmmmu@‘nqmmmmuﬂsﬂiaummﬁﬂgmwmiumu (O‘n) ummﬂuaﬂﬂmmmwm@ 5%x5

FUIASINUAIN Boat

M13°1990 4.4 taasauRasazaulisIuvednt PSNR vedisaadgyanasuniun U@ lums

Y
Td5un51 5 A59 Y9N Barbara

Standard deviation of noise (SD) 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3% 3) [22] 31.316 29.149 27.657 26.536 25.649 24.974
Variance of PSNR 0.0001210 | 0.0002998 | 0.0018276 | 0.0004676 | 0.0005414 0.0012586
BiShrink (3x3) [8] 32.248 29.847 28.184 26.921 25.943 25.113
Variance of PSNR 0.0001026 | 0.0001069 | 0.0004581 | 0.0000641 | 0.0005026 | 0.00044944
MMSE_BiShrink (3x3) 32.205 29.872 28.271 27.068 26.138 25.364
Variance of PSNR 0.00007 0.0000954 | 0.0005278 | 0.0001110 | 0.0002482 0.00023976
MAP_NBiShrink (3x3) 32.235 29.817 28.168 26.921 25.969 25.142
Variance of PSNR 0.0000526 | 0.0001852 | 0.0012652 | 0.0004316 | 0.0005726 0.00084344
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MMSE_NBiShrink (5x5) 32.23 29917 28.366 27.208 26.318 25.609
Variance of PSNR 0.0000062 | 0.0000930 | 0.0010846 | 0.0002530 | 0.0007270 | 0.00070616
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Standard deviation of noise (SD) 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3% 3) [22] 32.265 30.377 29.042 28.031 27.217 26.561
BiShrink (3x3) [8] 32.965 30.822 29.291 28.103 27.166 26.322
MMSE_BiShrink (3x3) 33.064 30.962 29.467 28.31 27.388 26.577
MAP_NBiShrink (3x3) 32.809 30.66 29.156 28.004 27.116 26.315
MMSE_NBiShrink (3x3) 33.139* 31.062* 29.595* 28.464* 27.559* 26.78*
NeighShrink (5x5) [22] 33.176 30.806 29.078 27.702 26.625 25.6
BiShrink (5x5) [8] 33.008 30.966 29.528 28.432 27.566 26.824
MMSE _BiShrink (5x5) 33.068* 31.043* 29.621* 28.543* 27.681* 26.951
MAP_NBiShrink (5% 5) 32.816 30.761 29.339 28.279 27.445 26.744
MMSE_NBiShrink (5x5) 33.075 31.037 29.616 28.538 27.681 26.959*
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(v) 35 MMSE _BiShrink (5x5), PSNR =30.176 (R) 75 MAP_NBiShrink (5x5), PSNR =29.829

(%) 75 MMSE_NBiShrink (5x5), PSNR = 30.213



4.1.5.2 wamsfSaumaunIn Boat

Tusia

v
Y A

VD UISHAAINANITL

2

= =) d' QU
oal O =
UTouneunw Boat Nanutlssiuvesdyausuniu

n

v v v E4
TaoidenusnaiiaulaivzlFlumsnSouisuiluuinaainss Tausovesnndeglii 4.8 dase 1l

Ad' = = a a ad Q
519 4.8 WlSsumenilszansmnitandw

1]

o

(M

(V)

AIVUIVNIUITAI V8NN Boat TunFnananuls

(M) MWAUIUY Boat (V) Mdgyanmsuniuinanumlsdsie o2 = 25, PSNR =20.204

69

25



()

()

Q)

70



71

(®)

(%)
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(7) 75 NeighShrink (5x5), PSNR =27.41 (4) 75 BiShrink (5x5) , PSNR = 28.09
(v) 75 MMSE_BiShrink (5x5), PSNR =28.222 (2) 75 MAP_NBiShrink (5x5), PSNR = 27.848
(%) 75 MMSE_NBiShrink (5x5), PSNR = 28.194
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(v) 75 MMSE_BiShrink (3x3), PSNR =27.068 (?) 75 MAP_NBiShrink (3x3), PSNR =26.921
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(1) 73 BiShrink (3x3), PSNR = 29.434 (2) 75 MMSE_BiShrink (3x3), PSNR = 29.682
(R) 75 MAP_BiShrink WP (3x3), PSNR =29.343 (%) 75 MMSE _BiShrink WP (3x3), PSNR =29.577

(%) 75 MAP_NBiShrink WP (3x3), PSNR = 29.233 (2)35 MMSE_NBiShrink WP (3x3), PSNR = 29.765
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M13199 4.6 uaaea R aoazAU5159uA1 PSNR 49935 aadanasunaumuiuua1ee Iag

v
Iamsualaanvidaunafiaiunin Lena TJums Tsunsy 3 asa

Standard deviation of noise (SD)

10 15 20 25 30 35
PSNR (28.164) (24.649) (22.148) (20.2) (18.631) (17.281)

BiShrink (3% 3) 8] 34.1932.162 30.63 29.424 28 312 27.538
Variance of PSNR 0.00018156 0] 0003087 0.0006549 0.00018689 0.0009669 | 0.0035162

MMSE, Bishrink (3% 3) 34.4 32.385* 30.879* 29.673 28.137 27.793
Variance of PSNR 0.00020689 | 0.0000909 0. 0004702 0. 0000542 0.0003469 | 0.0023669

MAP BiShrink WP (3x3) 34.161 31.58 3035 29305 28416 27.465
Variance of PSNR 0.000022889 0 081 0.08875 0.0024096 0.0000695 | 0.0046107

MMSE, Bishrink WP (3x3) |__34.338 32085 30.633 29.573 28.434 27715
Variance of PSNR 0.00016089 0 08233 0.1382 0.00012067 | 0.00001356 | 0.0023269

MAP NBiShrink WP (3x3) | 33.85631.626 30.152 29.206 28963 27.494
Variance of PSNR 0.000194 0. 08638 0.0527 0.00050422 0.0009109 | 0.0077096
MMSE, NBiShrink Wp(3x3) |_34.416* 3220130711 29.766* 28.834* 27.964*
Variance of PSNR 0.00025267 0 08695 0.1089 0.00038489 0.000009 0.0015696

Bishrink (525 8] 34309 32405 31014 29.937 29.489 2827
Variance of PSNR 0.000240670.| 0001876 0.0004916 0. | 00012022 0.0000606 | 0.0017007
MMSE, Bishrink (5x5 ) 34.463 32.546* 31.149% 30.05* 29.175* 28.344*
Variance of PSNR 0.00018467 0. 000044 0.0005082 0.00052156 0.000001 0.001406

MAP BiShrink WP (5x5) 34234 32.497 30.672 29.796 28.941 28.122
Variance of PSNR 0.00011467 0. 08040 0.09498 0. 00056822 0.00008 0.001526

MIMSE BiShrink WP (5x5) | 3435232711 30.771 29.889 29.406 28.193
Variance of PSNR 0.00015 0. 0767 0.1034 0.00070489 0.00001 0.001248

MAP NBiShrink WP (5x5) | 33.85531.162 3039 29.565 28.154 28.031
Variance of PSNR 0.00024267 0. 07353 0.05087 0. 00066067 0.00065 0.0014949
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Standard deviation of noise 10 15 20 25 30 35
PSNR (28.164) (24.649) (22.143) (20.2) (18.631) (17.281)
BiShrink (3% 3) [8] 32.422 30.41 28.919 27.782 26.853 26.013
Variance of PSNR 0.0000082 0.00024267 0.00032467 0.00057622 0.00074867 0.0006642
MMSE _ BiShrink (3x3) 32.552 30.573* 29.128* 28.007 27.086 26.262
Variance of PSNR 0.00002 0.00019289 0.00027756 0.00027822 0.00068289 0.00040956
MAP_BiShrink WP (3x3) 32.401 30.359 28.687 27.792 26.868 26.027
Variance of PSNR 0.000009 0.003402 0.027173 0.00079022 0.00026689 0.0003042
MMSE BiShrink WP (3x3) 32.523 30.512 28.892 28.006 27.08 26.27
Variance of PSNR 0.000065 0.0034269 0.027575 0.00036689 0.000104 0.00014956
MAP_NBiShrink WP (3x3) 32.193 30.116 28.436 27.611 26.719 25.951
Variance of PSNR 0.000061 0.0084087 0.030494 0.0010107 0.0021929 0.001868
MMSE_NBiShrink._ WP(3x3) 32.555* 30.565 28.978 28.114* 27.181* 26.416*
Variance of PSNR 0.00009 0.003032 0.026402 0.00032822 0.00061156 0.00043
BiShrink (5x5 ) [8] 32.396 30.483 29.09 28.032 27.173 26.431
Variance of PSNR 0.000002 0.00010867 0.00018422 0.00025356 0.00018822 0.000094
MMSE_BiShrink (5x5) 32.492* 30.583* 29.214* 28.159* 27.267* 26.554*
Variance of PSNR 0.0000167 0.00018756 0.00016089 0.00020689 0.0030882 0.000047
MAP_BiShrink_ WP (5x5) 32.37 30.419 28.849 28.032 27.161 26.42
Variance of PSNR 0.000078 0.0020407 0.025177 0.00012356 0.000392 0.00022822
MMSE_BiShrink WP (5x5) 32.447 30.504 28.968 28.137 27.259 26.526
Variance of PSNR 0.00013756 0.0020309 0.024474 0.000182 0.00017267 0.00039
MAP_NBiShrink WP (5x5) 32.121 30.133 28.56 27.794 26.973 26.285
Variance of PSNR 0.00001775 0.004082 0.019446 0.00015089 0.0010007 0.0009336
MMSE NBiShrink WP(5x5) 32.383 30.431 28.918 28.074 27.183 26.472
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51/ 4.12 (si0) M oufivv AT andyanasuniunuudng luwamsudasadaumada dusunm
Barbara (4) 35 BiShrink (3x3), PSNR = 26.886 (3) 35 MMSE_BiShrink (3x3), PSNR =27.035
(n) 7% MAP_BiShrink WP (3x3), PSNR =27.202 () 75 MMSE_BiShrink WP (3x3), PSNR = 27.327

(%) 75 MAP_NBiShrink WP (3x3), PSNR =27.151 () 35 MMSE_NBiShrink WP (3x3), PSNR = 27.328
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M13199 4.8 uaasaundoazAUs151uA1 PSNR 49935 aadyanasunaumuiua1ee Iag

Y
I5manmsualaavidaunafiaiunin Barbara 1uns 11/5unsy 3 5

Standard deviation of noise 10 15 20 25 30 35
PSNR (28.176) (24.639) (22.159) (20.206) (18.622) (17.281)
BiShrink (3x3) [8] 32.231 29.831 28.156 26.885 25.893 25.04
Variance of PSNR 0.00003266 0.000096 0.00045422 0.0000436 0.00065689 0.0002667
MMSE_BiShrink (3x3) 32.181 29.849 28.237 27.029 26.093 25.289
Variance of PSNR 0.000061 0.000083 0.00045422 0.000024 0.00055756 0.0002162
MAP_BiShrink WP (3x3) 32.614 30.253 28.578 27.203 26.131 25.153
Variance of PSNR 0.000206 0.00005 0.0012376 0.0000009 0.00011822 0.00139
MMSE BiShrink WP (3x3) 32.623* 30.316* 28.677* 27.328 26.265 25.301
Variance of PSNR 0.00014489 0.000067 0.000926 0.000014 0.00016822 0.001308
MAP_NBiShrink WP (3x3) 32.524 30.145 28.501 27.162 26.129 25.207
Variance of PSNR 0.00035089 0.0000175 0.0011616 0.00008 0.000075 0.001267
MMSE_NBiShrink._ WP(3x3) 32.578 30.27 28.653 27.333* 26.291* 25.349*
Variance of PSNR 0.00018689 0.000182 0.00052689 0.000035 0.00025756 0.001261
BiShrink (5x5) [8] 32.258 29.925 28.315 27.105 26.168 25.379
Variance of PSNR 0.00004355 0.000042 0.00068022 0.000009 0.00082822 0.0002069
MMSE BiShrink (5x5) 32.182 29.898 28.339 27.186 26.298 25.548*
Variance of PSNR 0.0000462 0.000051 0.00047356 0.00011756 0.00060467 0.0001287
MAP_BiShrink WP (5x5) 32.551* 30.243 28.624 27.327 26.307 25.397
Variance of PSNR 0.00000335 0.0000675 0.00035622 0.00011356 0.00032822 0.00118
MMSE BiShrink WP (5x5) 32.518 30.256* 28.663* 27.383* 26.363* 25.453
Variance of PSNR 0.000038 0.000096 0.000422 0.00010822 0.00019756 0.001216
MAP_NBiShrink WP (5x5) 3241 30.088 28.469 27.224 26.219 25.344
Variance of PSNR 0.00012067 0.000024 0.00061422 0.000434 0.00050689 0.0007482
MMSE_NBiShrink_ WP(5x5) 32.335 30.04 28.455 27.198 26.194 25.303
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Standard deviation of noise 10 15 20 25 30 35
PSNR (28.168) (24.649) | (22.152) (20.202) (18.628) (17.281)
BiShrink (3% 3) [8] 32.948 30.801 29.235 28.03 27.086 26.197
MMSE_BiShrink (3% 3) 33.044 30.936 29.415 28.236 27.305 26.448
MAP _BiShrink WP (3x3) 33.059 30.831 29.205 28.1 27.138 26.215
MMSE _BiShrink WP (3x3) 33.161 30.971 29.401 28.302 27.326 26.429
MAP_NBiShrink WP (3x3) 32.858 30.629 29.03 27.993 27.07 26.217
MMSE_NBiShrink WP(3x3) 33.183* 31.012* 29.447* 28.404* 27.435% 26.576*
BiShrink (5x5) [8] 32.988 30.938 29.473 28.358 27.477 26.693
MMSE_BiShrink (5x5) 33.046 31.009*% | 29.567* 28.465* 27.58* 26.815*
MAP_BiShrink WP (5x5) 33.052 30.92 29.382 28.385 27.47 26.646
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51/ 4.15 (dio) W ourfioulszAnFamitaadyanasuniuuuunvidaumaiaven i Lena luvuinaiauls
(7) 3% BiShrink (3x3), PSNR = 29.434 (4) 35 MMSE_BiShrink (3x3), PSNR = 29.682
(9) 35 MAP_BiShrink WP (3x3), PSNR = 29.343 (2) 75 MMSE_BiShrink WP (3x3), PSNR = 29.577

(%) 35 MAP_NBiShrink WP (3x3), PSNR =29.233 (%) 75 MMSE_NBiShrink (3x3), PSNR =29.765
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51/ 4.16 (d0) Wsuifousz@ns AT andyanasunuuUUNWEALNARAYEI N Boat TuvuTnafiaule
(M) 7% BiShrink (3x3), PSNR = 27.774 (4) 35 MMSE_BiShrink (3x3), PSNR =27.991
() 75 MAP_BiShrink WP (3x3), PSNR =27.777 () 75 MMSE_BiShrink WP (3x3), PSNR = 27.986

(%) 35 MAP_NBiShrink WP (3x3), PSNR = 27.581 (%) 35 MMSE_NBiShrink (3x3), PSNR = 28.089
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aul9 (A) 33 BiShrink (3x3), PSNR = 26.886 (1) 75 MMSE _BiShrink (3x3), PSNR =27.035
(3) 35 MAP_BiShrink WP (3x3), PSNR =27.202 (?) 35 MMSE_BiShrink WP (3x3), PSNR = 27.327
(%) 75 MAP_NBiShrink WP (3x3), PSNR =27.151 (%) 75 MMSE_NBiShrink (3x3), PSNR =27.328
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Wavelet-Based Image Denoising using
NeighShrink and BiShrink Threshold Functions

P Kittisuwan and W. Asdornwised
Digital Signal Processing Research Laboratory, Department of Electrical Engineering,
Faculty of Engineering, Chulalongkorn University, Bangkok, 10330, Thailand.
Phone (662) 218-6907, Fax (662) 218-6912, E-mail: widhyakorn.A@chula.ac.th, pichidkit@yahoo.com

Abstract-This paper presents image-denoising methods
performed within wavelet domain scheme by incorporating
neighboring coefficients, namely NeighShrink [1], and at the
same time, denoising the image with bivariate shrinkage
function. The idea of Bivariate Shrinkage function (BiShrink
[2]) is to model the signal based on MAP estimation approach.
In fact, signal can also be bivariately modeled with MMSE
estimator. The first method of this work is to incorporate the
BiShrink with MMSE model, called here MMSE_BiShrink. In
our second proposed method, we incorporate neighboring
wavelet coefficients with BiShrink, which is called here
MAP_NBShrink. Finally, we proposed the third approach by
applying MMSE estimation method with NeighShrink and
BiShrink, which we call here MMSE_NBShrink. Experimental
results show that ours proposed methods, MMSE_BiShrink
and MAP_NBShrink and MMSE_NBShrink, have better
PSNR than NeighShrink and BiShrink, respectively.

Keywords- NeighShrink, MAP estimator, MMSE estimator,
and Bivariate Shrinkage function

I. INTRODUCTION

Eventually, basic wav elet thresho lding m ethods [5 ]
are us ually ap plying t o t he detail coefficients of wa velet
transform t o r educe n oisy si gnal. It has b een s hown t hat
such the algorithm offers the advantages of smoothness and
adaptation. However, Coifman and Donoho pointed out, this
algorithm exhibits visual artifacts, i.e., Gibbs phenomena in
the n eighborhood of d iscontinuities. As a result, D onoho
and C oifman pr oposed in [3] at ranslation i nvariant (TI)
denoising sc heme t o su ppress s uch ar tifacts b y av eraging
over the denoised signals of all circular shifts. Chen and Bui
extended the algorithm for image-denoising problem, which
is called NeighShrink [1]. By taking into the advantages of
NeighShrink with BiShrink, and M AP and M MSE estima-
tors, we establish three new wavelet-based image-denoising
methods.

The organization of this paper is as follows. In Section
II, we describe the basic idea of parent and child relations of
wavelet coefficients. In Section III, we describe incorpora-
ting wavelet-based i mage de noisingt echniques using
neighboring wavelet co efficients. In Section IV and V, we
modify th e wavelet do main Bayes estimatio n for im age
denoising by not only exploiting interscale dependency but
also intrascale dependency with NeighShrink. The results of
our proposed methods will be compared with NeighShrink
and BiShrink in Section VI.

II. INTERSCALE DEPENDENCY

Fig.1 illu strates th e Subband reg ions of th e two-
dimensional (2-D) critically sampled wavelet transform,

LLs | LH,

LH,

HLs | HHy

LH;,

HL, HH;

HL4 HH;,

Figure 1 Subband regions of critically sampled wavelet transform

which we can label as HH,, HL,, LH, , and LLg, where k=
1,...,K. The wavelet coefficients of the k™ Subband will be
the parent of t he c oefficients of the k-1™ Su bband. This
way, we can den ote P(S) as the pare nt s ubband of the
subband S. For example, if S is HH;, then P(S) is HH, and
if S is HL,, then P(S) is HL;. It should be noted that one of
the motivations for bivariate thresholding is come from the
spatial interscale dependency between the parent and child
relation of wavelet coefficients.

III. INCORPORATING NEIGHBOURING WAVELET
COEFFICIENTS IN IMAGE DENOISING

Chenand B ui[l ]p roposed wavelet denoising
scheme for i mage by i ncorporating neighboring coe ffi-
cients in th eth resholding p rocess. Ifth em odelis
y=X+n, where Y is the observed signal, X is the origi-

nal si gnal, and n is white Gau ssian n oise sam ple with

variance o7 .

Bjk
3x3  windowsize

@)
O
O
O

0 0 00
o$oo

Ojo O 0|0

o0 0|0

O o O

Y.k

Figure 2 Illustration of the neighborhood window centered
at the denoising wavelet coefficient

Given that Y;, is the set of wavelet co efficients of th e

observed image. For every Y ik of our interest, we need to
consider an eighborhood window B; around it, which
canb e w indow sizes of 3x3,5x5, orothers. Fig.2

illustrates an 3x 3 neighborhood window centered at th e
wavelet co efficientto b e denoising. Let calculates th e



average value ofthe wa velet coefficients withint he

neighborhood window:
S j,k = Z y|%| k 2 El (l)
(i,)eBj
where k ish ereth e n eighborhood w indow size in on e
dimension. H owever, usi ng the averageget s worse

denoising resu Its th an VisuShrink [1]. Chenan d B ui
proposed incorporating neighboring wavelet coefficients as

Sik = 2V @)
(i,hHeB,,
In soft thresholding approach, we get the denoised signal
o th
Xik(Wjk) = @ = —Yjk» 3)
i

median(|HH
where th = o,42logn, o2 = %
numbers of pixels within Subband. By explo iting neighbor-
ing wavelet coefficients (2) in (3), we obtain the s hrinkage
factor defined as

)2, and n is

Bixk = 4 - —),. 4)

Here, (g). is defined as

@ 0, if g<o0
9+ = g, otherwise

Thus, the denoised signal becomes

Xik(Yix) YikBijk s Q)

which is called  NeighShrink. E xperimental results i n [1]
show that NeighShrink is better than the Wiener filter an d
the ¢ onventional wavelet d enoising a pproaches; s uch as
VisuShrink and SUREShrink.

IV. MAP ESTIMATION WITH NEIGHSHRINK

Sender and Sel esnick p roposed MAP est imation
method f or si gnal de noising. I n fact , t hey co nsider t he
dependencies between the coefficients a nd their parents
using non-Gaussian bivariate distributions. Let X, represent

the parent of the wavelet coefficient X; . Then we have
HE RN
Y, X3 ny
where Yy, and Yy, are observed signal of X; and X, , and

n, and n, are noise samples. We can assume that the noise
is i.i.d. Gaussian. Thus, we can have the noise pdf as

1 nZ +n?
i@ = ——5exp(- 12 ). (6)
o, op

The classical MAP estimator gives us
X(y) = argmax[fy,(x y)f (] (7
< y

In [2 ], th e r adial ex ponential d istribution is proposed for
modeling the bivariate p df between the c oefficient and its
parent,
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B

3
(0 = —exp(——yX +X3) . ®)
2ro (o2

Having solved (7) using (6) and (8), the MAP estimator of
the de noising coefficient yiel dst he f ollowing bi variate
shrinkage function (BiShrink) [2]

N

x(y) =

Experimental results in [2] sh ow that BiShrink is better
than BayeSh rink an d H MT ( hidden M arkov m odel).
BiShrink threshold function can also be written as

2
- _Be)e (10)

i o+ 3

Toapp lyn eighboring waveletco efficients to
BiShrink threshold function in (10), we need to calculate
the average value of parent and child co efficients within
the neighborhood window

PRCATRIS )
(i,hHeB,,

2y = @

Sik = 2 . (11)
Then, the shrinkage factor can be easily obtained as

Bix = @ («/_S;#L . (12)
the MAP estimator of the denois’ing coefficient becomes

)ik = BixMijk- (13)

Thus, we propose to use( 12) and ( 13) to re duce
noise within image by usi ng ne w t hreshold f unction,
namely MAP_NBShrink.

V. MMSE ESTIMATION WITH NEIGHSHRINK
A. Generalized incomplete gamma function

In 1994, C haudhry and Zub air [4 ] in troduced t he
generalized incomplete gamma function defined as

I(a,x;b) = Ita_l exp(—t—%)dt. (14)
X
For &« = Z+1/2 thereis aclosed form expressi on for

generalized i ncomplete gam ma fu nction. Fo r e xample
a = 1/2 the formula becomes

r(5.xb) = @[exp(—z\/ﬁ erfe(/x —fo/x)]
+exp(2vb)erfe(v/x +4/b/x)]. (15)
where erf(x)z(z/x/;)Texp(—tz)dt and erfc(x) =1-erf (x) .
0

The generalized i ncomplete gam ma funct ion sat isfies a
recurrence relation that bec omes useful for com puting its
values for other orders « (see [4] for detail). For « not to
be in the form ¢ = Z+1/2, no closed form expression is
available for I'(«, x;b) . However, it can still be accurately
and very efficiently computed [4].



B. MMSE estimator and incorporating neighboring
wavelet coefficients

As describedin [4],asp herically symme tric d-
componentr andom vect orwi th radial exp onential
Distribution can be generated by

Jzw,

where W is a d-component Gaussian random vector having

zero mean with variance (\/Ea)z ,and k = 1/6.if X isd-

component radi al exponential random vector and Z is an
exponential (scal ar) random variable have zero m ean with
variance 1.

The classical MMSE estimator of signal gives us

x(y) = A, ( ) _[lev\x(y\x)fx(x)|dx| (r o
The pdf of Y is given by the multivariate convolution
fy(y) = fx®*fy(). (17

Let Z = A?, therefore the pdf of A becomes

fi(@a) = 2aexp(-a’).
Thus, the pdf of X can be given by

© 2
fy(0 = [2aexp(-a’) ! —exp( Z_% )da
0 (27&12(&0)2){ 2a°(Vko)
As we can assume that the noise is i.i.d. Gaussian, we
write the noise pdf as

fum = — exp(
(27[0'”)2

Use (17) to calculate fy (y), we obtain

fr(y) = jfZaexp( a%) ! exp( 7HXH2 )da. s
y\Jo= ") d Ny a2 2 2
0 27[(32(\/?0_)2 +O_r%)§ 2(a (\/EO') +0oy)
2
Lett = al+—20 and substitute to (18), we get
(ko)

exp(oz / (k. a) )ra- d H ) (19)
(f ko) 2(ko)?

fy(y) =
@r(ko)? )2
Thus, (16) becomes

2
2 2 2
k Y|
I T ) o9, 1 5
R - Wko)® 26ko)
@r(ko)*)2

2
ot ra o o

Wko? 2 (ko) 2(/ka)?

Solving (16) using (19) and (20), the MMSE estimator
of the de noising c oefficient y ields t he fol lowing bivariate

)1 (20)

shrinkage function (d =2: "X"2 =yl +y3)

rel, G VitV
Ry = oyl - —2 ko) 26k, - 21
A S S [l

I(0,

(Vko)? " 2(Jko)?

119
Here, we pr opose (2 1) ast he new den oising
shrinkage f unction, namely M MSE BiShrink. After
applying neighboring w avelet co efficients (1 1) to MMSE
estimator in (21), we obtain

el %n
ot " ker z(f B (22)
ko) Lo on . S

( "(Vko)? ’2(ﬁo)2)

()’zl)j,k = (yl)j<k[l

Finally, we propose to use (22) reduce noise within
image by  usingne wt hreshold f unction, nam ely
MMSE_ NBShrink.

It sh ould be not edt hat our m odel re lationo f
neighboring wavelet coefficients in (11) can be seen as an
extended v ersion of th e estimation in (1) and while (10)
can be seen as an extended version of the estimation in (3).

VI. EXPERIMENTAL RESULTS

This paper uses a local variance estimation [2] in order
to im prove an accuracy of the e stimated variance of the
signal a nd a chieve better PSNR. We com pared our
proposed al gorithms], M MSE_BiShrinkin (2 1), M AP_
NBShrink in (13) and MMSE NBShrink in (22), with the
baseline approaches used in [1] and [2]. Furthermore, we
use Daubechies filter of length 8 in our experiments, (this
filter has also been used for the experiments in [1] and [2]).
For visualized evaluation purpose, we illustrate the results
of our proposed and the baseline techniques in Fig. 3.

Noisy image NeighShrink [1] BiShrink [2]

MMSE_BiShrink MAP_NBShrink MMSE_NBShrink

Figure 3 Image Denoising by using different methods on a
Noisy image with PSNR = 18.624 (Window Size 3x 3 )

VII. CONCLUSIONS

In both Le na and Boat image cases, M AP_NBShrink
obtained from BiShrink gives worse PSNR than BiShrink.
However, Itisin teresting t o see th at MAP_ NBShrink
perform bet ter PSNR t han BiShrink when ap plying t o
image contained  high-frequency com ponentss ucha s
“Barbara”. For MMSE criteria, MMSE NBShrink, derived
from M MSE BiShrink (21), gi ves better PS NR t han
MMSE BiShrink in almost all of cases, especially when
(3x3) window size was applied.



TABLE L.
AVERAGE PSNR VALUES OF DENOISED IMAGE OVER FIVE RUNS FOR LENA IMAGE WITH DIFFERENT NOISE LEVELS (o‘% )
Standard de(\él]i:i)t)lon of noise 10 15 20 25 30 35

PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3x3) [1] 33.839 32.119 30J883 29.906 29.[34 28.461*
BiShrink (3% 3)[2] 34.216 32J201 30.733 29.554 2864 27.741
MMSE BiShrink (3% 3) 34.428 321432 30.975 29.803 2888 28.006
MAP_NBShrink (3% 3) 33.9531.956 30.553 29.442 28592 27.776

MMSE NBShrink (3% 3) 34.543* 32.596* 31.18* 30.047* 29.142* 28.31
NeighShrink (5x5) [1] 34.168 31792 30.053 28.63 27.524 26.429
BiShrink (5x5) [2] 34.338 321452 31.108 30.059 29241 28.484
MMSE _BiShrink (5x5) 34.493 32/598 31.24 30.176 29333 28.564
MAP_NBShrink (5x5) 34.014 32127 30.813 29.829 29/032 28.363
MMSE NBShrink (5% 5) 34.514* 32.624* 31.268* 30.213* 29.374* 28.623*

TABLE II.

AVERAGE PSNR VALUES OF DENOISED IMAGE OVER FIVE RUNS FOR BARBARA IMAGE WITH DIFFERENT NOISE LEVELS (0'% )

Standard de(\él]a;t)lon of noise 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3x3)[1] 31.316 29.149 27.657 26.536 25649 24.974
BiShrink (3x3)[2] 32.248 29.847 28.184 26.921 25943 25.113
MMSE BiShrink (3% 3) 32.205 29.872 28.271 27.068 26.[138 25.364
MAP_NBShrink (3% 3) 32.23529.817 28.168 26.921 25969 25.142
MMSE _NBShrink (3x3) 32.263* 29.93* 28.344* 27.152* 26.234* 25.484*
NeighShrink (5x5) [1] 32.698* 30.225* 28.446* 27.066 25.983 24.997
BiShrink (5% 5)[2] 32.28 29.947 28.35 27.146 26.219 25.455
MMSE BiShrink (5x5) 32.2129.928 28.382 27.231* 26.344* 25.629*
MAP_NBShrink (5x5) 32.24129.912 28.339 27.16 26.263 25.501
MMSE NBShrink (5x5) 32.2329.917 28.366 27.208 26318 25.609
TABLE III.

AVERAGE PSNR VALUES OF DENOISED IMAGE OVER FIVE RUNS FOR BOAT IMAGE WITH DIFFERENT NOISE LEVELS (cr,% )

Standard de(\élgt)lon of noise 10 15 20 25 30 35
PSNR (28.167) (24.644) (22.15) (20.204) (18.624) (17.284)
NeighShrink (3x3)[1] 31.639 29862 28.587 27.65 26/867 26.249
BiShrink (3x3)[2] 32.432 30417 28.957 27.834 26915 26.111
MMSE BiShrink (3% 3) 32.559 30/583 29.155 28.06 27.147 26.362
MAP_NBShrink (3x3) 32.243 30.206 28.748 27.65 26.7186 26.026
MMSE NBShrink (3x3) 32.611* 30.659* 29.261* 28.194* 27.302* 26.546*
NeighShrink (5x5) [1] 32.662* 30.402 28.734 27141 26.368 25.375
BiShrink (5% 5) [2] 32.405 305 29.127 28.09 27.238 26.533
MMSE BiShrink (5x5) 325 30.603* 29.242* 28.222* 27.367* 26.661*
MAP_NBShrink (5x5) 32.193 30.245 28.866 27.848 2704 26.367
MMSE NBShrink (5x5) 32.48 30.569 29.213 28.194 27352 26.646

REFERENCES

[1] G. Y. Chen, T. D. Bui and A. Krzyzak, "Image Denoising using
neighbouring wavelet coefficients,” IEEE Trans. Signal Processing,
vol. 10, no. 10, pp. 917-920, 2004.

[2] L. Sendur and I. W. Selesnick “Bivariate shrinkage with local
variance estimation,” IEEE Trans. Signal Processing, vol.50, no. 11,
pp.2744-2756, 2002.

[3] R. R. Coifman and D. L. Donoho, “Translation invariant denoising,”
in Wavelets and Statistics, Lecture Notes in Statistic. New York:
Springer-Verlag, vol.103, pp. 125-150.

120

[4] S. Kotz, T. Kozubowski, and K. Podgorski. The Laplace Distribu-
tion and Generalizations. Birkhauser, 2001.
[5] D. L. Donoho, “Denoising by soft-thresholding,” IEEE Transactions

on Information Theory, vol. 90, no. 432, pp. 1331-1340, 1995.

[6] I. W. Selesnick. Laplace random vectors, Gaussian noise, and the

generalize incomplete gamma function. In Proc. IEEE Int. Conf.

Image Processing (ICIP), Atlanta, October 2006.



121

v Y

a a J
Usz IR InenHnus

a a J

WeliBa faRga3ael 1AASUT 26 e WA, 2526 fisanSangannuviuas Whanu lundngas
Fenssumanstada auzdrnisumans umInodunyasmans Wmsane 2544 §u5amsfnm
AINTTUAMAATUUNA adengsu Inih Ma3InIenssu il AULIAINTTUANAAT
wnmnedeineasmans lullmsdne 2547 idhdndelundngasimnssumansuiitiuda Ay

a s ts a o =) =2
AFINTIUMTAT illW”IﬁQﬂ'iiLlllﬁ1’3‘1/]81ﬁflcluﬂﬂﬁﬂﬂkl”l 2548



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	1.1 ความสำคัญของปัญหา
	1.2 วัตถุประสงค์
	1.3 ขอบเขตวิทยานิพนธ์
	1.4 ประโยชน์ที่คาดว่าจะได้รับ
	1.5 ขั้นตอนและวิธีดำเนินการ

	บทที่ 2 หลักการและเหตุผล
	2.1 วิเคราะห์สัญญาณด้วยการแปลงเวฟเล็ต
	2.2 แบบจำลองสัญญาณรบกวน
	2.3 ฟังก์ชันจุดเริ่มเปลี่ยน
	2.4 การประมาณแบบเบส์
	2.5 แบบจำลองสัญญาณใน 2 แถบย่อย
	2.7 จุดเริ่มเปลี่ยนแบบท้องถิ่น (NeighShrink)
	2.8 ความแปรปรวนแบบท้องถิ่น (Local Variance Estimation)
	2.9 อัตราส่วนสัญญาณยอดกับสัญญาณรบกวน (Peak Signal to Noise Ratio: PSNR)

	บทที่ 3 เทคนิคการลดสัญญาณรบกวนภาพที่นำเสนอ
	3.1 วิธีประมาณค่าผิดพลาดกำลังสองเฉลี่ยน้อยสุดชนิด 2 ตัวแปร
	3.2 การประยุกต์จุดเริ่มเปลี่ยนแบบท้องถิ่นกับวิธีประมาณความน่าจะเป็นภายหลังสูงสุดชนิด 2ตัวแปร
	3.3 การประยุกต์จุดเริ่มเปลี่ยนแบบท้องถิ่นกับวิธีประมาณค่าผิดพลาดกำลังสองเฉลี่ยน้อยสุดชนิด 2ตัวแปร
	3.4 การลดสัญญาณรบกวนภาพด้วยผลการแปลงเวฟเล็ตแพคเก็ต

	บทที่ 4 ผลการทดลอง
	4.1 การลดสัญญาณรบกวนภาพด้วยผลการแปลงเวฟเล็ต
	4.2 การลดสัญญาณรบกวนภาพด้วยผลการแปลงเวฟเล็ตแพคเก็ต

	บทที่ 5 บทสรุปและข้อเสนอแนะ
	5.1 บทสรุป
	5.2 ข้อเสนอแนะสำหรับงานวิจัยในอนาคต

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



