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Maximum Entropy Image Restoration Algorithm
Using Fuzzy Inference System

YANG Yi-qin, ZHANG Wei-tao, LOU Shun-tian
(School of Electronic Engineering, Xidian University, Xi’ an 710071 )

Abstract Comparing with the linear image restoration algorithms, the image restoration algorithm based on maximum
entropy can obtain better performance. However, it has slow convergence rate. To improve the convergence speed of the
maximum entropy based image restoration algorithm, we firstly present the aperiodic model of deconvolution, and then a
fuzzy inference system is introduced to determine the iterative step size online. Since we adopt a variable step size, the

convergence speed is significantly improved. The computer simulation results show that the proposed algorithm for image

restoration has a faster convergence speed and yields improved restoration performance.

Keywords maximum entropy, image restoration, aperiodic model of deconvolution, fuzzy inference system

1 3]

[

TEAR 22 U S Br TAT b2 v Je 45 Bl IR 03
R, T2 MR, RS IR AR
SAFAEAN [ R BE AR o B x D LR R Ly S
AR R b L RGP & s £ (PSF)
£ PPk RERLIE R UL 5 y w] Rl
y(i,j) =x(i,j)h(i,j) +£€(i,))

= ZZ x(m,n)h(i —m,j —n) +

m n

&CiL)) (1)

HEEWA :EXARB RS FIWH (60072043)
U 7% B 8 :2007-09-24 ; B 8] B #]:2007-11-26
FE—1EEE N HUIE (1982 ~

PG R 5230 = AR 4 8 00 B UL P48y, OF R AR
JEE RR I B (o mT U AR ) WA 0 TR

T R 522 ok T A AR S T A DA 5 AR 249 3R
(g — 77 ik, BRI A1 P AR A 1l 2 AR 2 3B i
T H BB R R . HAL R O 2 X B G e i
SRR 22 AR i, T A A ) PR R S AR Y ] RS
B0, AR A L e M K 5 7 1 T e Y 4 B R
QR Z 5B e R I 52 0 8 PR R B sk PR (R
SERRIE) o B TTIEAFAE B R B ORI T AR
— PP ARZNE 7 FERUE R b FL B IR A, 38 L BE
P AERT i 2 AU R B R W R iR =
KRB, X PR T A — ST B .

) 2. VIR TR RS . EEAFR 10 A BB IKE . E-mail: yangyiqin1234@ 163. com



5 430

1 L SE 4 RSO A B s IR PR (R K SR v 653

S A P R I — R R R R
WEIT VB E B N2, Frieden'" £ 564 B K
W75 A B BRI & . Burch ™ 25 A 10 ek
W0k v T AR B2 R 52 i TR, E %0
bR 2, T A Y K Zhuang Y S A Bk
i VL 150K S22 1) L 6% AL g S A 5 05 2 ( Cauchy ) 1
) 00, 5 5 VAL 45 SRy — AR R 2L I SR A A T —
SE RN . ME H T2 0 vk 0 B O R 7E
A R 58 VR P R I ) R T 7 7 D o
PERAE. SCHK[S] ~ [6]7F Zhuang fFERE 51 Ak
1 2 3 TSR 0 B AR ORI 0 I
5 TR ELA L0 PR I AR 4 PR e 7
W R T 0 PR 52 2R B v o (LA A 7 i e
FEND WS BE 22 1 I, A SRR A% 122 52 1 0 A S50
B A B 2R G5 78 £ 0 AR B K U T L
SR, BRI T BRI

2 ETIFEARRERERNERBEEL

2.1 FEAHREREKRE
BB L R y 2R GRS x 5 8 R R AL h
Mt x,h fly 9 K/Na 5 R M, x N,
M, xN,, L, xL,, Jclh L, =M, + M, = 1,L, =N, +
N, -1, BRI T N
y=x+xh=Fx (2)
K F & —A Ly x L, 47 .M, x N, 5\ /)56 B, 76 &
B R A, OB Xk (3) iR, &
KB)F Vie{l, - ,M,},A, R—1 (N, +N, -
1) x N, ) Toeplitz % B, HJE X =X (4) o,

M W 2 — > KRB B, X F 256 x 256 [ JK &
BRGS0 R BRECR S x5 B REOR 8 B4 i, A% 46
PEIC R AN 4.430 2 x 107, R Uh e 5 10 2 5 1k
T S 0 A o A R T, A R R
3 S AR R g e T LR Ak 3 B A e R L A
WA 1) A A R ) A

A, -
A, A,

th Ath .'. Ahl (3)

hy 2 o hy

L v,

T h(i,1) 1
h(i,2)  h(i,1)
h(i,2)
A, =| (i, N,) h(i,1) (4)
h(i,N,) h(i2)
h(i,N,) |

2.2 RARBBEKKREREZE
G i Sk

MyN

Hx) == ¥ Fa(iplnatiy) (5

Zhuan N8 T FBAR R B A AR M TJ5 22 10 1
o BUEMMEGERESEEL=L, xL,, x&EMR
T 7 A

Fx-y=¢ (6)

HAGRWGEF 2R ELE ()] =0 (i,). W
HBEN D =diag[1/¢” (1,1),1/¢7 (1,2), -+,
1/o* (L, L) ], v diag [ - ] & % X i1 46 o
A

E[¢'Dg] = Y Y E[£(i,)]/0°(i.))
=L (7)
i XA BRI A R
0(x) = (Fx-»)'D(Fx-y)  (8)

WA (7)) M), Al E(Q(w) =L/2, NI, &%

R 9 28 ) T 4 A skl Ak ) i

maxJ(xsu,A) = H(x) +py ¥ x(i,j) = AQ(x)
Subject

Forp,w #0049 AT S8 A AL T LR AL
SRR 0 7 R 2 B 1 () A

to Q(x) =L/2 (9)

; &
ViJ (s, M) R V1@ (%) 0<A<wx (10)

xl, o =exp(u=-1)e

Hete=[1,1,, 1]y, N=M, xN, HFIHEE x
MR R,V FR X x B . W46 2 1F (B 3(E
w) BB RUE S5 Q (x) = L/2 13581 2 . K
I, Zhuang 2538 T Ve OB w 9 R G0k A



654 ] &1 5 B R 24 4

%14 %

WA I, — R AR B R B ~ |, =
xo UL ER y BV 2 (A
e 2L (10) A1 x,, AT LLAS 2 2 84k 09 38 4
T
(V,+A,F,DF,) (x,,, —x,)
=-(A,,,-A,)F,D(F,x, -y) (11)
Ho b Fm R UEL,
V, =diag[ 1/x,(1,1) ,1/x,(1,2) -+,
1/x,(M,,N,) ]
A Ax,=x,,, -%,A,=(V,+A,F,DF,),
AA=2A,,,-A,,C,= —AAF,D(F,x, -y) ,JIA .
A, Ax, =C, (12)
RIE— KT A v, LT RH, Kb A, XK
IERE B o XA J7 R4 AT DR FH S B A0 B v ok oK i,
BEA ZR& R, v DUR Pk E 8.

A A B2 B ) B vk 1 AT S R
BRI TTERE A=A, + AL, A, =0, A0 £IR
WA R, — T, AN lE S /NME. AT
55 i DR S5, 388 H SR FH A8 1 1 ) 1) U0 46 SR

M:{AA Q(x,,,) >L"2 o0
- [Ax] Hpb
WERIKF T 10(x,,,) L2 <e(e B2 R
EHZH0) R AR,

3 ETERMEERSZNIZAT KA

TER 2Py FR a2 (12) B, AN B8 1 % AR
PEAEIK S PG B AR B, PR 2 AL B 3K
BF AR SR (AR SR ZEZR K, EERE; Y AL
BUA BN RS IR Z BN B SCE R, K1 R
AA 43 BIEC0.01,0.05,0. 5 Ay uksth <k, % Tk,
PR T — BRI T I R S B A B K R
ke HITIEBEIE TE LI & IE 1 AX {E, A L BE
Rl B I B BI, BB AR A L R A SR o

EERBE B, 4 Q(x,) 5 L2 fZERK
B, AT LB R AN PR 8 ; Bl 3% AR B
B, Q () ok 42 35 L2, N 3% i 08 /N A, LA
B Lk 2% 1550, AR B ik 0 Wi ST | I BOAS 45 4 i K
RO o R, AR SCORI) AR B R 45Ok i i AR
FK AX

x,) —L/2
*éf‘ﬁ%)‘(s()k:m(‘) | dQ, =

‘Q(xo)_L/z" '

80
751

701
65r
60
55¢
50

O(x,)dB

45t
40t
35N
30

0 5 10 15 20 25 30
BRI
Bl1 Q(x,)5 AXIXFR
Fig. 1  The relationship between Q(x,) and AA

Q%&&qﬁg)oﬁ¢dn%ﬁouumme
iR 22 ,dQ, FR Q(x,) BIVA—AL 2273 A5 H 2
RGP AT UE £0,,d0, e [0,1], Hi il dA, e
(0,17, 558k m /Y Ax, AT 40T i i

AX, =dA, xn (14)

Forp,m g W B e — ROK FE R R B = 0. 4,

MRk B SCRR I  FF £Q, R dQ, 73 50 A48
4 NiE SUAE [ Zero Small Mid Big] ,dx, #1k
N T A E AR
[ Zero Smalll Small2 Midl Mid2 Bigl Big2],

PO AR 48 i A A (A 4 B E)
F—AEth (A 7 8 SUE) A, BA 4 x4 =16
SEASLR BRI, A0 1 B .

®1 MR

Tab.1 Fuzzy inference rules

£0, Zero Small Mid Big
Zero Zero Smalll Small2 Midl
Small Smalll Small2 Midl Mid2
Mid Small2 Midl Bigl Big2
Big Midl Mid2 Big2 Big2

o, SR R ) ] Al 3
if £Q, is Small and dQ, is Mid
then dA, is Midl.
FRORY] #F B 2R G B0 SR Jm R ek Al 2k A R 2 B
AT 3 iy At O &% AN 3 IR o



5 430

1 L SE 4 RSO A B s IR PR (R K SR v 655

{ Zero Small  Mid

0.5

Zero Small Mid

1 T I T T
2
B 05 7
#

0 T T T T T T T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

d Oy
Zero Smalll ~ Small2 Midl Mid2 Bigl Big2

1 I T I I I

0 T T 1 T T T T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

dAy

K2 £0Q,.dQ, .dAr, WIS e Hih £k
Fig. 2 Membership functions of £Q,,dQ, and dA,

P 3 RO HE 2 28 4 09 g A Tl Hh R &
Fig. 3

Input-output relationship of the fuzzy

inference system

4 MEHER

B 256 x 256 2 F 1 Lena JK 5 P& , i A A5 4]
MY ERB T R 9 x9, ZHE B 10 dB 1
T V4 (L v J0 1 R P, A ) — MR ROMY 1R 5 o A R
F4 A N B PR R AT R A, R 0 B s AR R
AL AE B I S PR S ROR

N T ERAM R, X RG] A 5 — P kAR
BRI T (o3 B B s E 22 1)« AR B3k i R A

AN 3 3 ASK B B, 4 B B BORE [R] B9 (6 26 1 By
B, Ax BUBSR B4R, LA PR e SICH B2 5 565 2 Bir BE,
AN AN BIE, B 1R RR 5 5 3 BB, Ad VBB,
PAR R BN AR A TR 22 o

WX 3 BRI BEAT T 05 H B E R B B
I 7 A R 2 4 o NIET 4 0] LU Y, 5 [ 2
K IR B BB 20 KB E A L, 48 A B ik (BRI 2P
) W S0 5 A A A B v L 7 Uk kAR AT 3k F i s
R B2, T HCA 9 b 7 32 £ 254X 20 YRS AT B0 A WO

—B— [i] 78 22 S AR
85} —o— SFB A HE
—— AR 2 S R
sory e L2

2 4 6 8 10 12 14 16 18 20
LA/ € i

K4 3 FETER Q(x,) W siih £k

Fig. 4 Convergence curves of Q(x,) for the three methods



656 o E 4 E R 2R i)

%14 %

MBS Rl LA AR SR B B O R
(MSE) th 45 B R P&, K6 451 T Lena B R 1%
SEAEH R 6 (o) by I 5 A5 K i R 53 12 1
SRR, Hif5 Me L $2 75 & % ASNR =6.072 6 dB,
P 6 (d) oA $iE M A 35 T A5 R0 9 3 174 25 K o B i
SRR ASNR =8.518 6 dB, ] WL, A SCH ikl LU
YA B g 1) PR Bk 2 R

70 T T T T T —E—E%%}jﬁ%
65| —o— B S
—— B2 S R
60 b
55+
2
@ 50}
=
45t
40t
35F
30 1 1 ! 1 1 1 1 L L
0 2 4 6 8 10 12 14 16 18 20

IERRH
5 HriRzEMhL
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