A0 AW TR KXKFEFROT F R) Vol. 40 No. 4
2010 4£ 7 H Journal of Jilin University (Engineering and Technology Edition) July 2010

/N i A T o 2 ) 4% 2 ol 4 E R 4R
R AT [ 5551 P Y N A

L ¥.EM¥.E AW

Ch/RE Tk k% #4547 FF8, %B/RE 150001)

W E AN TRARGERAERHARANEENPHAARERENEEZRZ . ELT R4%
FHA, RELGHEA.AHTIRERAHE RN L ZH BCMACO R PID HE AW E & B E
MERTENRTER. AN T ZELEA T RARER AEHNRZANNSE., T EHA
Ha W PID 4,46 CMACHA N & H AW hE A FI BHEANE L. BHRET X4
RERAEFHRAARELHBRENER ARG TREFEMREFRE., HELERXN,Z
FENERENERRENMEER REFEREEXA PIDEHRE - MR ER, L b
RE, EARBNEEME,

KR BRI A N A W EEFHECMAC ; 4B R& 48 i BEEAZ
RES XS . TP273 MHEKFRERD A MEHRS.1671-5497(2010)04-1091-05

Cerebellar model articulation controller (CMAC) for

antenna pointing and tracking system

MA Ping, WANG Song-yan,QIN Li, YANG Ming

(Control and Simulation Center, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The characteristics and main factors of antenna pointing and tracking system for tracking
performance are analyzed., and the mathematic model is establish for the system. According to the
system characteristics, the design process of Cerebellar Model Articulation Controller ( CMAC)
network combined with PID control method is described. The advantages of the proposed method are
analyzed. This method uses the fast self-learning and precise approaching of CMAC networks as the
feed-forward control to get the object model; then together with the traditional PID control method it
can have the advantages of fast response, high precision and robustness. Simulation results show that
the proposed control method can effectively inhibit friction torque and provide stable output and
robustness. The tracking precision of the proposed control method is one order of magnitude higher
than that of PID control method alone.
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Fig. 1 Servo system structure
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Table 1 System characteristic under different

working modes

RYMERE
TAERE
P i TRt
IR 2 AL [ — & — &
A &R — B [
A sl R i B [ B

3.2 CMACHPID #= $l 88i% 1t

T2 [0F B 1 R A8 7 i R G AR T2
T HL A R G & — B R R 5 i1,
B AR — AN 6] A 2 A7 LB AR 4 () Il R ¢
FEAVERR R AR R P il AR AR

CMAC M ZERIE 2 BiR, & lE/E ] i
3B R RIR

51 AR A = s NN 4RI AT H S
eI B — A~ R B N dEB ik AJED . S—
A={0,1}",

55 2 AW B AR e A B B hE AT
By, Bl R:A— A,

553 LA Y Bl AT BlAR Y
PR B g AT > Y,

B2 CMAC M&4&HE
Fig.2 Structure of CMAC network

ZARGH T CMAC 5 PID & A 45 6l 52 3
F 38 0 AT o, R G wI S A B 3 s, HoRy
SO H CMAC 52 3T 545 1 L 38 o U 25 4015
PEAEXT G 0 ALY ; O H o ALAY PID 45 i #4555 3
A A A B A 4 ol R DR IE 3R G i AR 1 L I B B
QK FH H 8 R fl 28 70 455 1 2% BUFC By PID [
SE B 25 8 4 18 B A 0 4R R

B3 RgEtldgaE
Fig.3 Structure of control system

CMAC R A 0l 27 ) 300k, B — 42 il )4
WZE s R AR B CMAC i i w, (B L JF
5 R R uCl) F B B AR A
.l ke o AR S CMAC % H
ZEFN LT CMAC 1242 Al R G B
%t CMAC Fffl 2% 722k .

CMAC [ 38 B £ ] A% B9 AR i 72 20 42 il
JEI I 52 o FA I L AR A P2 1 B0

(1) 4h1 J) S
BEMAR MRS T — LW ERE WA

ESROE SEAL TR )
uCk) = u, (k) + u. (k) (5

A w, (k) i CMAC R 4% 7= A 1 A1 W B s
u (k) R H B PID 46l 28 7 A i i i
(2)2:>] J5 4
B RGEPRRE (k) /R CMAC 22 2] JE 1]
BB 2B A w, (R B u(R) RIS,



+ 1094 -

THRRXFFROT F R)

% 40 A

ﬁ)\éﬂ;ﬂ LT YfB:l‘m[Umin’Umax]J:%}ﬁ N+
2c A ALIal b, B

u u. = Um'n

{uj =u 1 +Au(j=ct1l,,c+N) (6)

UN|2c = Ulax

CMAC 4 52 B B 55 Ay
15% U; S [’7’

%:{ j u

UN' ¢

Uie]sj=c+1,,c+ N

0, HAth
)
B E(k) — 2{ Cun(B) — ul(k))? (8)
K F delta 2% 2] F0 00 8 3 7 6 4% TP A AR

{H
_ BEM) __u(k)

Aw(k) =— 17 e =7 C d; (9
wk) = w(k—1) + Aw(k) 10)

K. g AMGEHTHEE, ne (0,1,

BRGIFIHBITHE B w = 0, 0Ll w, = 0.u
= w., RO E TR AR 2 1 i e =
x, — x AR H A PID #0145 i b s il it .. B
B W AW 2E 2T 25, 22 CMAC 77 A i 4 ol i
w, K 38 Tl 7R G PR B A R S TR Y w

w, (k) = > w d, (a1
i=1

Korpre d Sy HEHRIERE M i o O CMAC 411
S,

Y UL R A A A R ROR R I SCHRC6 ] Y
D7k Ik [ 35 N2 o HE A% R R L PID 5
) 8 B0 [ 22 46 2% L i R G0 R B B AR IR L CMAC
P2 R 1 2 T A 4R R G R AR E R
FR L B 2R G0 I s o T
3.3 HEiEMBaW

HR A R 2 B 5 4 1) 42 1) R 48 1 CMAAC #h &2
W 2% (R4 05 R T3 Bk CMACHPID A T4 &
M IVESFEw IRy e

(D) BARZ 8 A7 78 1 A 632 ) 23 4% &R Gy ok
PR IR 25 L T CMAC it 28 I 46 18 Ay i 5 4 il o
A ARAT R G 0 1 ALY L (45 2R B R 6% X AH X iz 2
AN 6t 52 2 800 A AT AN L T AN 0 R 52
R T

(2) — M i) f] e 42 il % 18 31 7 2 S S 3
T G 0 TR R A o LA B I B 855 4 TR R AR AL Y
T 0L AE 32 3 & A T A K2 AR 2 R
FIUAS BT T50 60 (4 475 B0 5 Fir DA 25K 42 11 4% BB 7E 32 17 3

T AN W b 0 B 4R 6 R B AR T CMAC 2 A
LN /NG 27 2] 25 K 1 1 38 L #2824 CA 1 /N
I 2 SRR A% 32 2 0 L & A R R R 0
FLA M A B d A 22 4k 4 26 1k w5 BE L T L
T R R A T 428 1 3R G0 i A T RS A S 4502 Ak
i R B AN PR R A RSB BRI

(3)CMAC & HE T Jry 8 2% 2] 1y #h 22 M 2%, 15
WG IE A BUAR > L BT A2 > R E A T 2 24 8
ASIRBE T 0 AR 4R M 52 i 45 31 3 TE Al R R 2k R
5 4 1 9 1 R 4 o b A R

(4) 73 [ & 25— B B A 5 4 4% . CMAC
+PID W& G E B A5 AT EHEEAE W R R
G5 (R IR R

4 fiE4,

DL 2R IR R4 ) P2 ) R G000 A 2l iR ER L AR
1] . 38 28 XF J7 0 F R 48 0 05 FLOR BB CMAC +
PID & & 5 il 1A 80t

AR AZZESE N :R=5 Q. K,,=7 N » m/A,
K,=2.8 V/(rad*s '),J=0.6 kg *» m*, K=11
V/V,

ARG AN —EZES 0.1 X sin(2n0), ¥
ZGEMEA KR 1 ms. AT HEESIHERE, [F B
2 AR TR 46 1 F % CMAC+ PID B9 & 4 5 1
SR M PID = 0 5 B 45 2R, Hob PID 2
TIPS ZHN: b, = 40,k = 0.k, = 0.6; CMAC
P22 W 28 B S BORE N 2 ARS8 ¢ Oy 30, W34k
FEABERE B R H A 200,22 2] % 424 0. 08,

25T B ) AR AL, Bt R A PID
PEHI AR H CMAC+ PID & & 5 41 Bf & 4 B8 85
KRR A5 N R aT LU B, 2 A 41
) B B A BE LL Bk PID 45 dhil Y R B A R v —
ANFEE G, T HLBE A BE 45 ) 1 A8 Ak B RS AR 4k
Wezh/N BT HLRE ok,

*2 REBEREER
Table 2 Simulation results of tracking accuracy
FE 15 1 B8
F. F,, K,
/(N*m) /(N+m) /(Nms-erad™!)

PRER G B /mrad

PID CMAC+PID

15 20 2 2.34 0.0705
12 20 2 2.21 0.0666
15 25 2 2.65 0. 0800
15 20 2.6 2.38 0.0716




% 4 5

B R AR 2 R 4 ) B R SRR AR G b 09 R

+ 1095 -

4 T 5 3 5 S iy A R 5 BT I L R R
I 8 R 1) SRy B TR BT 5 L4 2R 3R Y A PR 4
ZPF T B R PID $2 61 09 037 BRI A7 A2 P
TG R REE MR XS . B2
B, B SR ] PID 45 ] o 68 M P 25 L S A 2 v
K BE IR . 1R PID il CMAC B & A 45 i 0T
A R0 A A R A 7 A ) O RS L R R GE Y Bl
SIRERTERE .

0.100 F LI PN

PID+CMAC

d

=

B 0.098
0.096
0.094

0.092

Position trackir

0.090 ¢

B4 (ERIRMLZ

Fig. 4 Position tracking curve

0.00

Speed tracking/rad

s

B 5 FEERERMLE
Fig. 5 Velocity tracking curve

6 Sk B R 45 EAE . HEL 6 5 A R
JH CMAC+PID & G4, E I+ E H 2 0. 06
s, MEAMCR A PID #£#l, bJFEF A1 35 22 0. 12 s,
AT LT A 9 1 6 2R G0 1) PR P A AR R I B

System response/rad

e

0.0 0.1 0.2 0.3 0.4
t's

6 MRIESIRERHE
Fig. 6 Step signal tracking curve

5 4EiE

BEF B I) R 4R R 9 1] 2R G0 T Ak PR 08 5 2%
FGENE AR BOR R A B T R TN A 2R e
2 M2 (CMAC) fil PID &4 (19 F & N Hi 5t 22
i R S D0 R G AT A R A T
R YR PE A BT T P AR ERR R i HL B AT 52
I TR] B B0 0O v R S MRS R O A D L2
REW Tk A RE, hT2EENRA S
e B PR A PR 20 e R R a5 2 AT M L U
A R RN JRE Tk B I RO A L X R AR SR
— BRI AR

S Bk

[ 1] Lee S, Alexander ] W, Jeganathan M. Pointing and
tracking subsystem design for optical communica-
tions link between the international space station and
ground[ C]// SPIE, 2000, 3932:150-157.

[ 2 ] Racho C, Portillo A. Characterization and design of
digital pointing subsystem for optical communication
demonstrator C]// SPIE, 1999, 3615. 250-262.

(3] TR, i, W20, 55, OB R RS REH

AR BAR Sy AT ], P EEOE, 2002,
A29(6): 498-502.
Yu Si-yuan, Ma Jing, Tan Li-ying, et al. Experi-
mental study of acquisition with antenna scanning in
intersatellite laser links[ J]. Chinese Journal of La-
sers, 2002, A29(6):498-502.

[ 4 ] Gawronski W. Antenna control system: from PI to
H..[J]. IEEE Antenna and Propagation Magazine,
2001,43(1): 52-60.

[ 5] Karnopp D. Computer simulation of stick-slip fric-
tion in mechanical dynamic systems[]]. Journal of
Dynamic Systems, Measurement and Control, 1985,
107:100-103.

L 6] %A, B, FPR. 5T RBF W45 1Y T 50 5 00 48

AW L], e 8 gy % 4. 2007, 22 (7). 1184-
1189.
Qin Li, Yang Ming, Guo Qing. Moving mass atti-
tude control system based on RBF networks[ ] ].
Journal of Aerospace Power, 2007, 22 (7). 1184-
1189.



