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Abstract The classical image restoration filters are deconvolutioninverse filtering), Wiener deconvolution, SVD
pseudoinverse filter, Kalman filter and maximumentropy restoration etcl'l. Because the universality morbidity of
image estoration process. the deconvolution is only suitable for high SNR (Signal to Noise Ratio). Wiener
deconvolution needs the knowledge of general stationary process and the correlation function and power spectrum,
which makes it difficult to be used in practice. SVD pseudoinverse filter, and Kalman filter is very complex and has
large computing work, which restricts its use in practive. The other methods based on if them model. Gauss and
Gauss_ Markov stochastic process have also been restrictedin real image processing bacause of theri complex.
Because factors affecting imaging and making image degeneration are [uzzy and uncertain, it is very difficult to
build accurate mathematical model of image degeneration and, which therefore make it impossible to restore the
image. Due 1o its capability of nonlinear mapping and synthesis, CMAC can effectively achieve image restoration
by learning reverse process of image degeneration, which resolves the shortcomings of traditionary methods. The
simulator results showed that CMAC neural networks are able to restore the degeneration image elfectively. The
learning algorithm of the network is simply. The present method is convenient for real-time restoring image.

Keywords Image restoration, Cerebellum Model Articulation Controller(CMAC)

0 3l B

o R SR B 7 A B B ik, Wiener 383
. &R E 2B (SVD) fhid B Kalman 33 3. &
KEYEEE " BREFESEE—ERGR. BT
B &5 5 S TR E AT B s R

LB WEH R %4 E (991853. 4. 2)
B H M- 2000-03-18, % € A M- 2000-11-20

HFERRWERL TEA A ERESHRIFNEER
FiWiener BEEH TR EENRES X TRATE
BEATEDEGXERAERKEXERRIR
. BTN TR R L HAE;SVD thit
EM Kalman BEENHABE R, R T EA]
TESE PR MR A B — e 2 T 3k B R A Gauss
#1 Gauss-Markov FEHLE R SRR E T EOHERE



ey

HEES. —WETCMAC HESKEL S 781

e VERR S0 T HAE S B op B9 Y .

1988 &, £ HA MM K% Zhou % A B K
Hopfield & NEFAF AR HEE B
NT—FHHEREE TR SR FERBRT
EARME, o RFERELT X EEIEBE,
AffE—BE L RBTHAERKE FERNTEE
W EXHHEMNERFNRETHEX . 8
BRZEBEEE, | 768 X576 BIP AR EALE,
FEMEITH 19 000G 4, IEAE L LA

BRHEBP WERMERNIERERTEY,
iR EEERHTHREBRBRFORR.E
EBPHEMZLHNRESRENES +2E
. NRASSAREAREBASE, N BP MIERNE
EEHR K, TR R £ A LA K B0,

B R CMACCIR S 19 B4~ M 2 LR A 5 i
ZAREHEBFAXR ERTFMEHAFERER
HRE CMACHBARA —ENEEMED, BIE
X EEANET, BRI B AR R Rl 5
ol FCMAC e HERAM AN S HE B
WHBP REEMK R EER  AEEEENHTFE
Jo MR CMAC M#IRE, ERATLLEEEES
EREXER.

1 CMACESKEHZ

BWERKNY MXN, KERR L:BEER KN
FG . HBAEERY ¢G.HGE=1,2,- M;j=1,
2y N H HBAARENGEERR. KPR
AR, A HR R R RRN.

G =HF o))

F—_‘l:f(lvl)gf(].sz)q'"vf(M’N):]T (2)

G =[g(1,1),g(1,2),,g(M,N]" (3
hy by - by

H= hy  hy e By W
h.m LIV Fuen

F=H"'G (5)

MTESNEATIRARAFR+OER.B
HERE H R AR REERE. T CMAC T
BRMYERERFEH . DEEBLESEHNTA
BENZRBEEARIRA UANMREESRN
WS TES R UAAE £ BT RS X
FESWEE RN CMAC AEEENHNRED.E

xRS THAE N ERHETES R LIRS
WEE RABEERILIMAER.

ATHAWEREHHNETES LA,
CMAC #{TESKE M ERE —BER D H K
HFFA SRS KX CMAC A RMB RN E
BRI IXI I TELBEREREN
CMACHETHRARNBLTEELHE LT
CMAC B HE Tk M 1 B,

A 45

—% #
5 F(S,}
E— sy
S g
: F(5)
W,

B 1 ERHKHENESR CMAC &4
1,88, .5 ¥ CMAC H & A

F(8)),F(8,),~,F(8,) % CMAC i it
FiS)=>W, ieC (6)

HH W, W, W, % CMAC E4 5.

R/ xJ RS EERARE EE.BL
FEREMEATZIANTEREX. AR CMACH
HiHat A, B A B E ARG RS~ HEH
ME&RL. &£ CMACH . ARG S BT RILBEA
BELAARSBEORE, AHIIEMAGSH
CAAMBRANGEHE. X RIWAGSRE. B
—BHARSREFTCAHRT . H—EMFH &
MAGEHRTAS . B A YBOHENTHER,
BARKEN AKSHREXMELSE. XK
BAEANSAHTES AR ERFEE
2. LB —EER R AN N LR A kL
— P RMER . REANEBENHENE, R
A- P BT C BK,CMAC SR
B.ANSHBXNBREELIBR AEBRBE
Z ERBRE, AR A FESHAOBK W
B il eAEER, N C T RER—E 4 WF
¥4 @ C A kBT X EH

< (V-—-D° )

L. g HEAn ERBYTBE-HRNREE.V A
A U ZEYE C M HEE.

CMACRRICREH#TSYI AFRNER



782 FEHSBEESH

6 WA B

HhoBERSRS Loy
Brr,
[
LB R Fy B0l FOS,) S i B
HER HCMACHESFASIRER . hTH
RASAE ) K ES F 0G0 L& A,
CMAC o Al 52 47 90 F 1 [0 ol

FS) ] (8)

Ao =

2 (HEBIE

Hopfield £ 5 4% B & 0 00 £ 00 % 8 . BP
o 0 o O A A T A e L T O R
E®. &3 CMAC X E 2 Bm B4 = E R4

M2 B{LaY Lens M

35 #

AR A CMAC A #0885 . B 9% M 15
THETE R-BAEXE BALKLE,
CMAC S8 M LA E R pE ok X &, B CMAC
HTERAEE T T W SGR 168 A
BFEHRN, AW EAE L E SN CMAC M A,
- o S 0 Dy TR e e U
B 5 MR O e O B TR R
BAEMBIR. 5 BP M M 8 8 . CMAC RIZ5HI M
A 2 B AR . [ CMAC 5% 38 1 25
A BE A %R A R R Y R T AT A MR
H T CMAC 847 Rk a2 0, 9 035 47 o B 4, B o
BT R,

#F5TmM

1 Andrews H C, Hunt B K. Digital imsge restoration, Prentice:
Hall, Tne: , Englewood Cliffs, MNJ, 1977.

M3 B CMAC BE A Leno

Lena BATTESME LR HIFML M T HRE,
P8 o0 0 BB % 20 2, W CMAC 4 A Fidi i %
At TR AR YR 266, H i CMAC 2809
AL S Yy 256 55 HE4 A (7 5 IR o 38 355 0 % Jn 58
O K184, BOFFI S5 8 C MR (R) o4, 1%
BAr FER S| 1. 9M.

CMAC (9% 3R H &6 Wk JBUEK 2 % 0.5,8
BE150 WA CMAC BT 1 248 4 69 B0 4 06 0 6
HE. B 3 R gt iy CMAC RS H A Lena . [ 4
K Lena ) AR %, BILE S 55 06GES MK £
R0 462.5,CMAC M S BB Em 2%
A1 6, pr ot BT L A S HLAS TR e

B4 R Lens B

2 Chou ¥ Ty Rama C, Aseemi Vo af. Imsge restorntion using &
nedral network. IEEE Trans, ASSP. |0R%,36,1141~1151.

4 Zhao Baojun, Han Yuegiv, Mao Erke. Adsptive fuzsy newral
contral of dynamic system.  Joarnal  Beiing  Institute  of
Technology. 19%9,8(2), 196~ 200,

4 Sun  Shenghe,

Zhao Basjun,  An  improved  fuzsy  newral

controller, Chinese Tournel of Electeonics. 74097 ,6(2) .87~ 101,
5 MRS B, AT MRl P B RN LM R
#.159a.

BRE W8S 00 FEBRET
db sl 1008 SEREAL TR T A%
I 5 5 S i B S WO o 0
ERIE FAFRTm A HLLR. FE
Ak e 5 0 A5 5 HEOME 45 L DSP & ASIC
it

SEEEM 1065 k.o b4
OB A B A B DSP 5 ASIC i
it




#84 BRES. —WMET CMAC HERBENE 783

KEE 2000 MM FER
RF [ HEHE LM DSP 5 ASIC #it

BAR HE.MiLESH ZERR
7 16 %15 S 4 M .DSP R Kl ASIC ® it #
ERALA.

(FRDEDBEBIXBALARBUSE X

LE% BXE FEEX B

(RS )EEHEH. CAREETNRERERHR]) B B RE, 3 EE BIERSB.

1 XES,BREY, TR AHEEERM] sl HS8F MK 1957:15~18.

2 WA BAaLFHHRRNATED] LR R KRS R RFT I, 1983.

2. A

(FEITEdEE. XREAI] f1L,. £, 800 B IELRBE.

1 2BR.EEK.FER.S —HATELRMNERRAENRTFHRESAD L HEXEE
WOBMPLZENE),1993,33(4) :62~67.

LM

(FREIHHIMTEHFE HHURBE[A] ExmEBHEHFUE®). RXMEH[C

H R - R Lt RUAR. AT M SORRE I TG

1 8k EREAUNATREDEEFHNAAL 2H. EBENBERSNE-—+EHE
BELBEABASBXRC) AR . TWEE FRE AN R, 1996,468~471.

SELRMEBEHFIR
B2EYMAEY T F | e HMErE (MAxE ey R F (K & ¢ H
AR RN M C N ] D R S P
BFXMET S5 T RRIR
HTSETREY HEE HRBRAE BTRYE
BT XMERER DB CP EB
B ADEFID

1. %3 BHLA% g K& 3

BHER OL MT CD DK




