22348 %4 Y -] fﬁ] /”3 P# E]:ﬁ Vol. 23,No. 4
' ACTA AUTOMATICA SINICA Jul, 1997

CMAC T2 SR 5T

($£ﬂ%hﬂﬁ%5%§ JLE 100101)

T KO,

(WE TR ETHF @@L 710032)

REX

(B R EE LR 10010D

15 % T CMAC % 2i B E N TR B FRAM Gauss-Seidel £LIX —FH L, R
T2 WA, RIS it TSR . F 8 T E RN T A FiE = a4g

HWHmh%ﬂ%Iﬂ%mhwﬁﬂTﬁ%%*JMth%ﬁT1ﬁﬁmﬁ@

X i\ CMAC, W EYE ,Gauss-Seidel 12 14Y, hash Zg53.

1 55

CMAC Bl /PR BRI X I H 58 2 Albus F 197 FHRIBEPH —FFALHEN
2 CMAC BE &M 4m,. 2 JEENR, B AZAILEE 1. TN H TS AE
L) AR IS T AR SRR E] R A A M S . CMAC —ARgs e anlEl 1 Bk,

N\ LA

TAYE

N, 1] 1B
.

% CMAC # A28 X CR 4 X, X R B8 80 A 23 8], B AR B8 70 o Y 2 R Bk A8 o
BE. 8 NBE—4R A N ERAESR A, BRI BB A X 2 . Bl 2 € Xo, HBTEHY

BRI A wi® yws” o swi? , R A

ek HEE  1995-08-03



456 H ] it < i 23 %

zw 1
d, I EE Y, FJRE di—y UE%?J::& AP EREEE.
W —w® + 2 d =y, I<J<A” (2)

ERBERETHERGAZTHER TEERW. AT EFHEZE. Albus 3£ T hash 45
i, BB R A T — A E AR P TEHEEETH 18 hash 8o, BRAE 85T R hash
BT Y BLS Hl ik 4R 1.

2 CMAC Z X B SL R

X, —1TF8 X WA NEE, NGEHEARAYRE X,. =B B &—
AR % —EIMFH X, PERNGENE. T EIIRE/PDTIRER  FIHEHK. A
REEEN, &3 HiTie—4m A BE.

1w X,= la+ ,i (b—a)| a,bER ,b>>a, 0 b N—1 N—-— (b—a) %

HIERRE IR T N wer1s o swrea SIREBMERE N M=N+A"—1. 5 I={{|0<GKN—1,
€7 ) S={s]1<s<M,sEZ )}, 0.IXS—>{0,1}.

Ir]. %‘xn 6 X ﬁ?ﬁ wm?
5(”!”7—) — <O o ’ (3)
“ ,J:‘*-: tl'

¥ |X. | =Nt,% Lz{z‘\ogKNz—l, (€ Z Y M 6t:1, ><S-*{0,1}.

Ot (k,m) = (4)
N b‘?

e, (k) zf(drl — y.(k)), n & It, (5)
b

E,(k) = > e (j), n€ I. (6)
=0

D E[doadu"'adwz—leF (7)

W =[w,,w,,*,w, | , (8)

E(k) :[E{}(k)9E1(k)9'”!Eht—1(k):|T! (9)

A:l:ﬁt(f;j)]NmM! : & It, JGS, (10)

C =AA", (11)

C, M[S—Wﬁ(z m)?(;, m):] 1,7 & 1. (12)

LRHNCHT= %(EXJ‘ﬁax)ﬁlJ:__:%(T Xt /1 JC) 8B4
CMAC ZJ HHBET KWL FRA
AW = D (13)
A NeSN<M, (13) AR E F 4. Wong il Sideris IEF] T CMAC % 3 33 B & TR 1§
TR AP Gauss-Seidel 3EALL6],




4 34 ¥ BF CMAC 22 M RS M T 55 457
i LE(k) =D — RE(k — 1). (15)
— A2 2] R EAR Y — IR GEA. 25 A Bl W (co) Fl E (oo) T7-7E L T
W (o) = ATE(c0) = AT(AAT)'D (16)

XIER (3B E/NEE LS .
3 WS — 5w

FIE 1. E[F A RIEREERE.

TE HF B

FIE 2. P C BRIEFEEXHRERE.

WERA. X A AR B A Rk, EFFE S REH M IE. 6 C Ir8fFIEESE N IE. 8 C

J'J:IEEKE Htgl'é-
IEEE 3. iﬁ R %J nAn iﬁﬁ?ﬁ%!ﬁﬁﬁ? N, ﬂg'ﬁ‘:_‘ nXn jF%ﬁﬁﬁi?Eﬁlﬁaﬁ Q+QT“R

B —Q (R~ Q) Z & FHF ML T G |a— (1— -5 | = W E B 4 (1,0)
b2 A L. 3ok

(Qu,u) + (Q'u,u)
(Ru ,u)

¥ = 1nin

uER"
fzl ,=1

(Y ARERNEATS.

L. Q+Q"—R EE . TUMY u#0,uc R H
(R + Q" — Ru,u) = (Qu,u) + (Q'u,u) — (Ru,u) > 0,
FiEr>1. A —Q ' (R—Q) ZAE—FFIk{E ,v AN 2z B 4% REFFAE W] 5L, I
— Q '"(R — Qv = Av,

Rl (1 — ADQv = Ry,

L (1 — AD{Qv,v) = (Rv,v),

#g Hilbert 23 [8] b P9 AR

\

o

(1 — i) (QTV9V> - (RV,V>,
4 A:‘I"—jﬁ!)rw

T - 1 | 1
<Qvav> ~+ (Q V,Vv) == (1 7 | 1 — 3 (Ry,v),
H[I (Qv,v) + (Q'v,v) = (12_(1a; (_:3 ‘82<Rv,v_>.
2(1 — a)
J@;fﬂi (1__&,)3_'_13)2;7. EI. L’l’<1,
RfI o — |1 1)_2+ﬁ2< L o<
i r ) “r\+ 2’ '

e e e 1 ]
HREBRAEX N A-A—2) s+

L+L"—-C=A'"1TFE HEHEIHM—L'RWEHMFHFEELLTE G A EHMER




458 H %] k. 2 i 23 #

Q,0 AN EAE L. B G #y¥/h T 1L, 5RMBEVITA,0 8, ERHRF AL T8
IR TR—L7T'R 28R EM T RALRE /. Bl L8 1] FE

E(k) =— L7'RE(k — 1) + L7'D (17)
RWCHHT. T B SF T, CMAC 2 M I BIRE. M E45 W R 78T hash IS E M T 15
FIR. TITRHF hash ZASHITFIE.

OFERCHWFIHERS.
HEFH. B . (Lu,u) + (L'u,u) — (Cu,u)
r =1 + "I%l%vf (Cui

_ A" |u]} A 1.

=1 + Hg‘;& (Cu,u) L+ Amax CC) UESE.
EIE 4. L 'R IFIHERE/DMES/PDNF

m = max! 0,1 24 (C)
’ Amax (C) + A" ]

HEH. B G RREA (2 ]x— Q—1) | <L Re()<1), W —L 'R WASEE L7 C 1.
RATAFIED m=min|z|. #(0,0) €G, B fKmin|z| =0. LEHEY G ML T 5 LR A

_ ax (C
AR (S 1AM 1 f_ =1 Amii"é)(_qu*iﬁjﬂﬁaﬁ) A m=0,Bl m= mm\z\ y
(0,0 &G, MEAXTFREH G PEER/PH S —ERHE LR 5 LHH 3 A, H\ﬁﬁggg——l—
2Amax (C) 2Amax (C) B 24 .. (C) .
Amax(c)_l_A*'ﬁﬁJﬂSHTj‘l ’lxnax(c)+14*>0,ﬂﬁm_1 Amax(c>+A*,El]m“I§élglz‘.%_t

ik, fEH m=min |z |. AEEE.

CMAC #’TJEI*JLI’)‘I&JI:L_JE SERADXAME. JFHFRRTF —L 'R B IEE. 35 4
A, — LR B B MEITAE W 0. 4B AT (5 5P 15 2 LA B MO RL. 5 FITF 8L,

g3 2. (EEREHEPIZ R A nXn Hermite BE,n>m. R,  REn—m FT58
n—m B B F R, 3 R MR N a0, Ry S IEE N f > >
Brns

az',}—-'ﬁz‘;aﬁm! <t n—m.

EHE S ] A (Co) =maxA(Cy), I

Ao (Co) = A, (O).

WERH. C 2l Co BITRS N nisnyy oo snn ) Nt FTH1 Nt IR T B, WAEETE
Wl P {E C R Co BT Ne /7M1 Ne FIMA TR W8, b Co=PC,P".H P BREXRE,
B ACo) =A(Co) s FFRA Amax (Co) = Annax (Co) == Anax (C). FEEE.

PL B e BV B SR FH &3R8 A\ S4B RGeS, b 1k 2 5 e i e S B

4 hash G BEX WL SUYE Y S

hash 45 B3 Hy — B an 35 A R & 51 FTE L™, B 4~ B 48 2 5T R B % 1 /] — A4




4 Hf ¥ B .CMAC 27 3] o fR W S i 5 459

hash BT, M ET#H S8R T 5 & ST, piffe 2 A 0l 8k iy .

— B g AT, CMAC & 2] gy S 2552 B =% 1] BE /Y 52 .
B A R R R, 1B T IR Ne=3,M=5,A" =3, BB TEINH 5. 5]
A hash Zgig a7,

11 1 0 O 3 2 1
A=10 1 1 1 0{, C= 12 3 2.
o 0 1 1 1, 1 2 3,
B 8 Alk 48 (5 A5 ERAEBROT 1,4 394519 hash .58 1, Tl A Fil C 28 ¢
1 1 1 0 O 3 3 1
A=11 11 0 0o/, C=1]3 3 11,
0 0 1 1 1, 1 1 3
A NiFERE. 5 R
0 — 1 é
— L7'R = |0 ] 01,
o 0 3

BIRF AR

HR RIS 2 5] AT 84, BlE 18 45 PR AR S JE . RS A [ AT SR R B L A

i A f e KB 5 0 BMEAR Ana (OO B0/ DATAT {58 W0 S0 B AR
= fE A 2] J PN, Rl 00 15 s 1 0 N S R A P00 DN R R AR 1Y 2 2 B6R.

AT {8 357 77 15 22 B 2 20 I B0 Ak g il 2 IR IR 7 5 MRS S AR IR

5 R4S R

&

<_l.

At e eE ] FEEmAEE. ARSI ES 22 THEH —1 4%
i NAT Bt I 1 e (B A I LU R &L
f(x,y) = sin2nr « sin2ny, (x,y) € [0,1 }%

8

YA

'y esin(2r + L), 0<C:,j < 30.

fa(t47) = sin(27 « 30 30

‘-r-"-'f"

) \“‘i‘g"‘ 777
*i'}‘!%_‘“g':‘!ﬁggg 3 S

X \"{"" Ly " 5 “‘

\ E‘L:“li-"ffifflll /RN N .s i,. Y 7 |




460

g 3 & ¥ it 23 &

B X,={(5k,50) | 0<<k,I<6},A =10 {FEZRMAE 2. 3 ME 4 Frn.

0.3 M — —
b
(a) (b)
I A NN 0.2
- ::‘,:ﬁi;;{,; fp_,ii;-;\\“‘\‘\\ '{;:‘*._‘
R NS
NPT AN
e - ‘.tk'.“;; -Was- ¥ 0 . 1
—
— 5
0 0 0 __J
0 50 100 150 200
(a)P %k 200 K J§ CMAC 1% (b)) 77 iR Z 2 3 R B A 4k il 2%
K 3 CMAC Z M EE R (JC hash) 45
0.3
(b)
0.2
0.1
0
0 S50 100 150 200
(a) Y%k 200 K 5 CMAC Ky #i (WY HiRERE IR Y&

H 4 CMAC Z RS F (F hash) g

Ea BT B L, ST,
(1) T hash ZRIE 89 CMAC % Bnl e.
(2)F hash gy CMAC 2SR SMMEZMEEZWRESR 3 MBS H . 1) A

8, DU S8, 3) I S S AT IR,

[2]

[3]

[4]

[5]

2 F X #

Albus J S. A new approach to manipulator control: The cerebellar model articulation. Controller (CMAC). Trans
of ASME Joural of Dynamic Systems,Measurements,and Control,1975,9:220—227.

Albus ] S. Data Storage in the Cerebellar Model Articulation Controller (CMAC). Trans of ASME Journal of
Dynamic Systems, Measurement ,and Control,1975,9:228—233.

Miller W T. Real-time Application of Neural Networks for Sensor-based Control of Robots. with Vision,/EEE
Trans. Syst. yMan .Cybern. ,1989,19.825—831.

Nie J Linkens D A. FCMAC: A Fuzzified Cerebellar Model Articulation Controller with Self-organizing Capaci-
ty , Antomatica,1994,30(4) :655—664.

Touretzky D S. Ed. Neural Information Processing Systems 1,Los Altos,CA:Morgan Kaufmann, 1989, 29—39.



4 A T EBH.CMAC 2 B St iR 461

6] Wong Y F,Sideris A. learning convergence in the cerebellar model articulation controller. IEEE Trans. Neural

Networks,1992,3(1).115—120.

' 71 Franklin J S. Matrix theory. Englewool Cliffs,N. J. ;Pretice-Hall,Inc. ,1968. 261—268.
(8] W . IRFEARE. BN B AL L K2 H 3, 1991, 24—65.

A STUDY OF THE CONVERGENCE OF
THE CMAC LEARNING PROCESS

Luo ZHoNG
(Dept. Image Processing JJRSA,CAS,P.0O. Box 9718, Beising 100101)

X1E YONBIN
(Dept. Automatic Control ,School of Electronic and Informatioin Engineering , Xi'an Jiaotong University, Xi'an 710049)

ZHU CHONGGUANG
(Dept. Image Processing, IRSA, CAS, P.O. Box 9781, Beijing 100084)

Abstract Based on the fact that the CMAC learning process is equivalent to the Gauss-Seidel
iteration for solving a linear system of equations,this paper addresses the convergence of the
CMAC learning process. By means of matrix analysis,the convergence speed is estimated. The
negative effect on convergence of hash coding,i. e. ,it deteriorates the convergence perfor-

mance is considered and the reason for its existence is also theoretically analyzed.
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