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Fig.1 Basic model structure of CMAC
Bl CMACH) B AR R 254

1.2 S5—>AK AP Rk &

S-A WS RGBT R S S R EROESERE AR C DRI B ASAAENT
THAMBEFRESE A PENSERNAT HEAE EERE B2 . E9AS RSN M EA MR, 7F A
FRHFER WA 1 PR XS CMAC B HIR M0 (LEES.

MF-ITXBHERE MAZBNEAREERAN . FHBAFRBNERLRE TS ER, AHENTH
R AN A, B A — AR E LR R —— Hash B8t A ETR MTEEE S 8] B 58— /NE B Y
MBI A A CMAC MES A BOE C A BE A7 05 0 B L TR 2 4 B 40 £ 4 1 8148 2046 e B P
1.3 EXRFEDEZ

BHSERER RSP ) L.CMAC B h PAE T RER ¢ F P -~ P < (i=1.2,..., L), &K
AR, & R F 2 8B

w,(t+1)=w,(z)+,@””’"—g‘”-f. b
H g REAE K ¢ N5 W LC BB BT,
2 FIABESIEIERE SN ENEE

2.1 ERMEmIEE

B CMAC ) RE W A, % CMAC i FRUSHE M BN KR A LH B BB LRLESH BRAKES
A PR BT S T AR A R A S R A T EL S T 0 A4, 58 i 2 () R 0 A B T R A4 A e X — F
BT IR AMBEARBENE, SRTFREEIIHNFERN . SBRES XS ILHHENDRRES KBS
BT AU FERT. B X R B AR B R B AR L A S A A TR AR TR A M B M I K SRR R A B
We 4 I H R AR EOR R MR

FE R y=@ e TR BEERERSIERS. A ey ) gy ) s o s (o 1 WP o= a0 +£H,
AP e=12e . 0 BURFHH T SERAE.

HMTEBEHA 0 BHH oo MFNTE2SHEEERN (ELEBET) .

yi— y + mh

(i — 1) (m — Z)ﬂay 4 mim — 13{m — 2)(m — 3)£34y;,, (22)

(m— 1)
=y +miy + = m21 Ny, + T & T

[ v Y
EEF' "= I AWM= 1 — -Azya:ykﬂfﬂy& sﬂay&=4\2yk+;—AZ}'k-A‘yt=A3ya+1—A3yk-

% 2w s ')'!'J’ﬁ
M= v — mh

m— 1>

- mm_ 1)(m 2)A3yi + milm — 13(m — 2){m — B)A‘

EY 41 Nes {2b)

=y — mdy me Ay, —

© HEERERKLEIF  hps/ www. jos. org. cn



KRR FHRBI BB AF 2RSS HENEEAFAER — 135 —

X—X
Kb m= iH A=~ 1 A = Ay — Ay 1 A=A = Ay Aty =A" Ay 1.

E—MELFZRBE v=FGirser o5 EEBEHSER L m ERNRBELR L] EHR R
fﬂE[Rl,Rg]BrﬂjxfﬁﬂjﬁFE/[\ﬁgi;l”gﬁ:ﬁ][i,Ep Y‘ =f(5(' ,S{ P 95.‘ v e qS;::)$S; (izlp. PN 17’?2)%]%%&4]%
A!Y’ j‘]%ﬁﬁ‘]mﬂj. Xﬁﬁj?ﬁ’l‘#ﬁ/\@ﬁ S5 ﬁ n /I‘ﬁ'iﬁ)\fljg-ﬁp Sh= (5.1;5521- e v Siire . sS;,,)ySi,G [R] 9R.z:.
Elswrsun JXBPRBEREN, REHEA BB AN TEMSREXRE . &F

3 = afaﬁ + afaqz +.. "fas (3

B T DA 2 4 3 A0S (B LR - i — S R AR B RE. Y B A B A (B 1) £ F R RE AR (E 22 (8 B, 1T
RR (DO FR (DHATH % B INIEE.

2.2 REFWFE

CMAC W% 7 ST LI AR 18 % TR Rl AR B o . & 538 i tH B EA(E L ik CMAC M8 H AR A i il
xR T EEITESEN. .08 CMAC FFAENERY F. AN TEASOHNMNE—5.P" =
FORRHEMBAMEE HEERA S HEZSWBEE P=F YHERERTHIENREE  oF, B
RAMFANEEEZ—HE - FEATERREHNT o Ak EHER b AT LETHENER KT BENT.

Kkl BROEIENRER & PP JHA Ca)liish, RZBRCOHEN. S g B R P fEh8
LB, T LR AR L R B A MR SR TR X H PP (AR CaOBR DR
PiyPl e (AL COMERED. X FEMNES B SHFAHNF AT BREXHHBEHEET T 188
hORMER PR EE SR HTEN AT ASHE TLEREE T — T U+, B x4
RERERNEHE.

BELER CMAC B — BB, B SRR BN 4 AR 3 CMAC #4715, VI3 R . ik CMAC

B R, XA A BT, g, YRR DOATE - ¥ It B T CMACHIENBAGEEERRN
WEEFEIRMEI TR OLELSAENRER o R FEREFI FINAHEL . AETE.HF
SEAWH. BB AT ER CMAC ¥ B, MAT TSR —E KA EEmM.—
MBNK ;s F—FMEREF—TFAIERETHE S FEEATHEIREM, SRAKCESBHERE J2M B,
BFR A T 18 H R IR AN B B BTR Y B ECER H AT TR R S R R S AR
ERHEIFETRERFEA T BE O ARER. XA, SRV SGEE M EHFETUIEGN. 20 RL
(DEATEAUG BIEE T H PSR NG E R X T EEREE A SO A LY R MBS AFHEM
BAERASMTHIMIER A NS S0E. AW O ESEER X, B IERERERAROABFAK
C2)FFT A, B VT8 B 7 (9 4y RS .

FiE 2 M CMAC & —Bh2i 28 45 A — B9, sl 480 A Wil B0 (B I S0 2l o R R AT, B R
Ll d ) B BRI R e A R AR A 5 R RO B S BE . TR B A BR AT i 4 B i
BE.

FEEH R BEEA FERERETHRFENFE RN SR RN EE, MM A, Bk 55558
FECREHRFEEAR. W T EEGK EEM At RIS EWESF R, X0, o] LR AR X 8 Sk EE
AR S B MR AT E S TR

3 FARBAWER

ALFEWAST FECMAC 2IMEHT —CFHAMER L A LGEL ST - A% AFES . RIEEE
BRI — AR RHITES S CMAC %3 /5 @1 8] At CMAC REIER ACREM . .,
AT LR REBEBRNES AT RS ASHbAE.

3.1 MBHERMREMNEISRE
3.1.1 REBHEE
e 1 B (] B BT HE R/ 2 s o T RO 2 I e BEE 00 N S R BT R R A A R T M T B A S BT R R B0

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



136 — Journal of Software #'H‘#fﬁ 2000,11¢1)

H. U X(roy R EEERMSEE SR LG .. BORFEETRETHARE. WH X=750). 81
RIBIERE, AR X (M X RO BT MESHRITER o v.2), ZAEETENAERG.0,.0),. FE
KEXN LA

y = L[cos# - cos(f, — ;) ]sind, . 4
z = L[sinf, — sin(#, — 8]
HATEE SRR ER G, 0.0, KB (x5 y02).
1.2 BEENBESHALR
B A x,y,z MR BT EHE RGN - WK, 3 B T 15 0 [ TR K- A % (A
6> 9 BB DX 181 4 [0°5 907 ). 3% % F Y SRy & M BUE RS A==7. 5°,. 0 0.,0,, 0 53 HIFE KA [0°, 00° JAG BRI 30 0y M

=13. %

{r = L[cosf, — cos(f, — #;) Jeost,

i=imt{f/h). F=int{8/h), k=int (B /h ).
i ERTEI .5, RC 0,127, # R A B E S b sl (O3B S 45 0.
a=L(cos(m*i*%h/180) —~cos(mw>i*h/180—m %k » h/180%)cos(m = ;% h/180).

BEHRCIEFTTM cos B AIMERT BIRL, 2/ 180 AL RHIE IR L=30. X #, RIfH TR EIRE,
X P £ AT U B HE A IS e A Kl T R AE, AR (D # I S E R S . I8 BT 46 i) 33 2 (5% L B
3.1.3 JFEERSGH

AR ABEN PR NIGE B NEREATRR HOASRER 198 147 #Hig b B ER
£ B RBCHE N A R A S R H R R A O B R M MR TS 60,12, 000G
o=0,1,20 00 fa.0..9030,=0,1,2,... .k, .. 00 HEWH SO MHALS WE

e, = fabs{xr,—ry), aver=Q/p= Ze./p, max=MAX{e.}, min=MIN{e !, &[0.50%],
Hift v OB MG T EAHSWEIRE v h CMAC RN G e HiREWHE, P=90°%
1R 2 W B aver PR
Table 1 Errors analysis and comparison (in x coordinate}
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Maximal error™  Minimal error®  Average error®™
The results with algorithm of this paper® 0.2772 0. 001 0. 0566
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An Algorithm for Improving the Accuracy of Cerebella Model Articulation Con-
troller Neural Networks and Simulation Application

ZHU Qing-bao CHEN Zhen

(School of Mathematics Science and Computer Science Nanjing Normal University  Nanjing  210097)

Abstract The local structure of CMAC (cerebella model articulaticn controller) neural networks results in
“{aster learning of nonlinear functions. However, the learning accuracy of CMAC is too low to meet the require-
ments of application in many fields. Hence, an associative interpolation algorithm is proposed in this paper for
improving the learning accuracy of CMAC. Meanwhile, a simulation experiment is described. Its result shows
that the learning accuracy of the improved CMAC is ten times higher than that of the original CMAC, and the
learning convergence ie also faster.

Key words Cerebella model articulsation controller (CMAC), neural network, associative interpolation, simu-

lation, accuracy, algorithm.
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