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Matlab (7.0)

Estimation of Parameter for Gibbs Random Distribution
which is used in Image Processing

Abstract

In this research, the parameter was estimated for Gibbs
random distribution using different energy functions. We get the
first algorithm by adding noise to the image and restore it by
filters. We obtain the second algorithm by degradation of the
image and restore it to the original image or close to it. The third
algorithm has energy function which depends on the mean and
standard deviation.
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Two algorithms have been suggested to image restoration,
The first depends, on the normal distribution and the second
depends on the Poisson distribution by using the estimate
parameter. Matlab Package version (7.0) was used for writing the
programs of the algorithms.

Keywords: Image Processing, Gibbs Distribution, Markov
Random Field
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(107 [8] ( )

L7113]

parameters

(Maximum A Posteriori)
(MAP).
[11] [1997 Zhou]
X (Markov Random Field Model )

Gibbs Distribution
P(X] B)=%B) exp {-B UX)} (1)

Normalizing Z)HB(

Constant

Z(B)=[exp {-B U (X)} dx e)

U(X) (Global parameter) B
(Gibbs Energy Funtion)
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3)

Gibbs
.(Pixel

PG| X,V j#)=P(x [x,, jeN))

V(x;.x))

Quadratic Function :

Huber Function :

Log-quadratic :

Saturated-quadratic ( )

v)

P(y|B) = [ P(y,x|B)dx

= [P(y|x)P(x | B)dx

4

1
Z(P)

P(x|B) =——exp{-BUX)}
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Jexp{InP(y|x)-BUX)}dx

PYIR)= Jexp {—B U(X)} dx
Z(y,B)
= 5
Z(p) )
Z(y,B) = [exp{In P(y| x) -BU(X)}dx (6)
P(x|y.B)

InP(y|B) =InZ(y,p) —InZ(B) (7)

Olnp(y [p) _ 0
op op

—IU(X)eXp{lnp(yIX)—ﬂU(x)}dx Jﬂ(x)e-ﬁumdx
_ J'exp{lnp(ylx)—/i’u(x)}dx B je-ﬁu(x>dx

E[()|y.B1= E[u(x)|A1=0 9)

In [exp {In p(y [%)—Au(x)}dx —%lnjexp[ﬂu(x 1 [dg)

X X

0 OlnP(y|p) o olnZ(y,B) _ olnZ(B) oInZ(P)
op op .

- j U(X)exp{-BU(X)}dx

Jexp {—[3 U(X)} dx

X

=—E[U(X)[B] (10)

dnZ(y,p) _ _I UX)exp{InP(y| x)-BUX)} dx

op [exp{InP(y] ) -BU)} dx

X

=—HUX)|y.B]

(1)
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E[UX)[B]  E[UX)]y.B]:
(10) (8

E[UX)|y,BI=E[U(X)[p] (12)
2

Parameter Estimation by Using Different Energy Functions
for Random Gibbs Distribution

8§ 8
U,(X)=), > K, Vi(x,,x,) -1
=l j=l
\/1 (Xi s Xj)
Gaussian Noise ( ) |
Poisson Noise 2
[Herniter, 2001] -:
Median 2 Averaging Filter 1
Filter
p

The First Suggested Algorithm Parameter Estimation p for
Gibbs Random Distribution

(1)
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41 3 ) pall Degradation

v

gl gl o g el L) cilad jall saal aladiiad
LY 5 gl (e DA gl sl gucall 4013y Jaral)
v

S U(X) 48Ul 31 99 538 b
Uz(X)

A 4

ale ) Al A Glua

A 4

A ad)a dsiiia Gl

v

Lase B Aalrall dpuilly LBELE) 3oy alie ) (lSay) Aalaal Ja Sla)
BET 8 akal) dalaall dagd sl g ¢y geadl ) (5 g A )l 93 aladiuly

E[U(X)|B1=U"Ty,p"]

B (D)
U0:(X)  UiX)
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U, (X) B 2) @)
(1)
)
p p )
0.1 0.4701 14 2.8438
0.2 0.4644 10 2.0469
0.3 0.4850 7 1.5156
0.4 0.4793 3 0.7031
0.09 0.4865 15 3.0781
(0.4793 ) B
(2)
B B « )
0.3 11.0210 14 2.6250
0.4 11.1210 14 2.7188
0.6 113210 14 2.7031
0.006 11.4928 15 2.7500
0.09 10.8110 14 2.6563
(11.0210 ) B
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U,(X) = iiKijvz(XUXj) -2

i=1 j=I

Degradation V,(x;,%;)

[9] . Degradation

Degradation
Y=AX+n
(13)
'Y
Distoration Operator A
(PSF) Point Spread Function
Convolution
'n . : X
(Degradation) THETA LEN
THETA LEN
: p
The Second Suggested Algorithm Hyperparameter
Estimation f for Gibbs Random
Distribution
(1)
B (4)- (3)

( ) U,(X)
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(3)

( ) THETA=45 LEN=10 Degradation
B B N ( )
0.001 0.0069 19 15.8281
0.0003 0.0068 21 17.4531
0.004 0.0068 9 7.6719
0.006 0.0069 3 2.7656
0.0009 0.0068 19 15.8125
( 0.0069 ) B
(10)
.(45)
(4)
( ) THETA=11 LEN=31 Degradation
B B N )
0.001 0.0067 19 14.8125
0.0003 | 0.0066 21 16.1406
0.0004 | 0.0067 21 16.2500
0.006 0.0066 2 1.7656
0.0009 | 0.0066 19 14.5938
( 0.066 ) B
(31)

(11)
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8 8
U,(X) = ZZKijV3 (Xian) -3
i=l j=1
: p
The Third Suggested Algorithm Hyperparameter Estimation
B for Gibbs Random Distribution
Vi(x,X;)
8 8 8§ 8 8 8
V(XDXJ’) = ZZSI(X) +ZZSZ(X17XJ) + ZZSS(XDXJ')
i=l j=1 i=1 j=I i=l j=I
(15)
A e Jaall b 5 5 i gt 1)) Jaeall A8 i 1 S (X)
FSa(x5,X;)
:S3(X4, X))

)
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v
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v

IS Vi (x3,;) Sl o
(3.4) Uaaal) & Las

V(Xi’xj) = ZZSI(X) +ZZS2(Xi7XJ‘) +ZZS3(Xi7Xj)

i=l j=1 i=l j=I i=1 j=I

v

@ sbd (AN 5 Uz (X) dad ila

U,(X) = ZglzglKijV3(X19Xj)

i=1 j=I

v

ale ) a5 A Gl
v

Lase f dalnall dpdlly LgBUELE) 3oy alie ) (lSaY) Aaleal Ja Sla)

BET 8kl Aalaall Aagd sl g 0y geadl ) 053 5 A )l 3 aladiuly

E[U(X)] B]: UMy, p]

B33 dalaall ol lad¥) Jabadiall Jiay (2) JSA)
U3(X) 48Ual) 403 aladialy (usy 6l
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B (7) - (5)
( ) ( ) Uy(X)
)
(5)
)

p p )
0.1 0.3457 13 2.3125
0.2 0.3512 8 1.5156
0.3 0.3378 2 0.5156
0.06 0.3435 15 2.6406
0.09 0.3546 14 2.6250

(0.3378)
(6)
)

p p )
0.1 0.2348 11 5.9219
0.2 0.2245 2 1.6563

0.04 0.2238 15 7.8750

0.06 0.2316 14 7.3125

0.09 0.2248 11 5.8750

(0.2245)
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(7)
( )
B B NI )
0.1 0.2347 11 42347
0.2 0.2245 2 1.0313
0.04 0.2237 15 5.6250
0.06 0.2314 14 5.1250
0.09 0.2247 11 4.1719
(0.2245) B

Bayes Estimation as a Result of Posterior Distribution
Maximization for Image Restoration

Z(B)=[exp {- B U (X)} dx

( )
(14)
X(P)= {—%(y -AX)'C(y - AX) - BZZKﬁV(XpXj)}
[11] V3 ,Vz,Vl V(Xi,Xj)

1.3

Image Restoration Algorithm By Using Posterior Function
Maximization of Gaussian Distribution

(3)
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X(P)= {—%(y— AX)'C(y-AX) - BZZKUV(XpXj)}

i=1 j=1
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©) -4

o =) B
Ao yiaal) AN il ) ) ol
original image nuise image
i
filter image
(1.3) Q)

43 A (ya 8381 (0.4793) sl Al B

original image noise image

filter image

1.3) )]
430 A (1 8381 (0.0063) st AN B
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original image noise image

filter image

¢

(1.3) (6)
LAY a3 ) 300 cya B304l (0.3378) ssbus AN g B

Z(B)=[exp { - B U (X)} dx

(15)

_ 8 8 8 8 8

X(PB) = Z _ZAinj +Yy; ln(ZAinj) -B KijV(Xian)
1| =1 =1 =1

V3 7V2 7V1 V(XDXJ)

1
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23

Image Restoration Algorithm by Using Posterior Function
Maximization of Poisson Distribution

(3)
.(15) (14)
9)- (7)
G il ) sl s 553 B
original image noise image
filter image
2.3) (7)

La 31 A1 e B a8al) (0.4793) ssbedi N9 B
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ariginal image noise image

filter image

(2.3) (8)
43 ) 530 e 34384 (0.0063) sl Ay B

original image noise image

filter image

¢

2.3) ©)]
430 A (1 B384 (0.3378) st ANy B
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Conclusions .4
( ) U (X) -1
( )
) §
e il Al aladiuly 5 0l B (
(0.7031) (3)J1S5 il xie 0.4793 = alacY)
B
( ) Ux(X) -2
p
§ ( )
(1.1563) (1) 0.0063 =
.THETA=90 LEN=100

O OIS By (S (e Bl Lgle Llias 3 )04l B
ﬁ)jﬂ) MJN\} 4..}.3\.&)!\ ))mj‘wu.u‘—).\l 3)}..&” SJL’:\-\J\‘;(—LAJA:\AJ‘
5O gS
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( ) Us(X) -3
: p
(2) OS5 8l 2ie 0.3378 = abac ¥l mun il Al lasiily 3 )05l B
() dib Lgle Ulias 350841 B . (0.5156)
Aala Nl seall (e cpe sl 5 saall Balatind (& Cuandiind Cua ) S5 J8l 5 (Saa
5 ObglS o2 sl g 45 glall
p
U, (X) 0.4793 3 0.7031
U, (X) 0.0063 1 1.1563
U,(X) 0.3378 2 0.5156

( Bit Map Picture) BMP -
MATLAB (7.0)
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