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Abstract;: For the self-tuning control method based on system identification, the control performance
is greatly affected by the precision of identification. To overcome this shortcoming, this paper pro-
poses an adaptive compound control method based on variable structure model reference adaptive
control and self-tuning control. Taking second order linear object as an example, the self-tuning
control method based on pole assignment theory is firstly given, and the influence of identification
error on control performance is analyzed. For this problem, variable structure adaptive control is
introduced, and the adaptive control law is given. At last, the simulation results show that the
composite control method can not only suppress the influence of the identification error, but also
retain the advantages of rapid and accurate parameter adjustment of self-tuning control.
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Fig. 1 STC block diagram based on pole placement
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Fig. 2 Block diagram of variable structure model reference

adaptive control system

P 2 v A 3 A o 2 K23 5 DA 1 o G 0 g K
FIARZEAE BB IR AT ) A R B 1 s /9
PR R G HOE s (6) firs .

A

~
0 1 0
x=[y y]'. A= 1 al | +B=|1
a4, a) al

)
DU 7 SCAZ 45 % G2 T H IR Ok A0 R RS O R
x =Ax + Bu ¥
Bl 2 W RS 4R A 1 EE A B AR AR AL, (R L



26 SHUE S BRI

2017 4 11 H

5 STC Bt (6) Fr 45 i1 BEAR P 25 15 3ek pR 40 5E 42
1

Gm(s):m (9
A
0 1
fo=lve 31" Au=| 1 a|-
@ @
0
B,=| 1 (10)
ai
) 2 2 ASE AU T Al 34 S T AR Oy
Xn=A.x,+B,r (1D
JE SCIR 22 ] 5
e=x —X, (12)
X (12) 3R G AR 22 RGUIRE T A
e=A,e— (A, —A)x —B,.r+Bu (13)

T A0 A P s R S B R 25 AR AE
KRADHFWHEBE A M B N A E S KK, v
ik

A=A, +AMA .B=B,+AB (14)

Horp Ay F B, 2 TCAN R TS S o iR iR 2
AR BRAR i 2 C6) BT 0, IR IS ™ S 32 42 %o 4 7 1% 5
438 3 0 (2) X N B B AR AR, AR B AT e b .

52 E AR A L 1
A, =A, .B,=B, (15)
GIAN B AA R AB I DG 551
AA =B,E , AB=B,F (16)

Heip, |E|<cer . [Fl<cs B e, #lc, 5351
HNoei Foes WAGTHE,
RADHHPIRERGRE T BEATLE R
e=A,e —B.r+B.,u-+ Ax + ABu (17
VS-MRAC W HRy 2R 2 & T 0,/

lim|e|=0 (18)
FEXTR 22 RGORE I B AD BB B
s =Ge (19
PE#E Lyapunov PRELH

RS P B
V= 5 s+271c1—|—272c2 (20)

Hor, 51 =cy *21 s 52:(2,: *2'2 , 71 >0, 7,>0,
XF (20) SRFA1E

. . 1 - 1- -
V=s"s+—c,c,+—c,c,
71 Yo

. 1 = 1 =
=e'"G"Ge ——~c, ¢c,——=c, ¢
71 72

=e"G'G[A,e—B,.r+B.,.u+ANx+ABu |—
1. = 1- =2
76'] (']7702 Co
1 2
<e'G'G[A,e—B,r+B,ul+
le"G'GB,, || x|ci +|e'G"GB,,
1- =2 1- =
—C 17— Cy C»
71 L Y2 2z

<e'G'G[A,e—B.r+B,ul]+

lufe: —

_ 1=z

RN E S
1

- T 1z

cZ[He G GBmH Hu‘|7,y_2(‘_7]+

le"G"GB.. | |x|c, +]e"G"GB.. | ulc. 2D
32 Hh G 4 o
u=u.,tu, (22)
AH,u, =K. - e+tr,

—p * sgn(B,G"'Ge) B.G'Ge#0
e 0 BL.G"Ge=0
Hr, Ko HEARIE AL+ BLK, FEEH 558
G o=k +0, x| 00 Jul &0,

oy e, BRI F IS AT 5

ci=7.e"G"GB,,|

|x|.7,>0 (23)

c.=7.]e"G*GB,. || |ul ,7.>0 (24)
B (22) ~ L24) AL (21) 75

V<¢"G'G(A,+B,K)e—k|BLG Ge| (25

B —TAR PR AR A IS, 2 A, + B LK. FFE
(B 52380 49 67, AR Lyapunov 77 72 Al fi# 45— 1E &
M Q. e
0=—1A,+B,.K)"G'"G+G"G(A,+B,K.)] (26)

a2 (25) 55— T 6 e , 53 A (25) 5 i
SR IE , R A

V<0

F Y, AT AT B

B2 (8) Pk i X R AE il =X (22) A E ik
MEAEREE(23) 20 WAET . RE R ER X (D fr
E XS EES I HIR R 22 & R fa e .

2 HEGHE
MERE 1 iR STC H 24 H



55 6 1 X 2R GE AR R 25 MR 1Y I I A P DT IR RO 27
y 1 i s #ME 6 P .

we 0.255°40.25+1
K 2 RS REARL R

1
0.04s240.28s+1

MRAC 1, #HIAH R ST .

K.=[1 0], 7,=7,=0.02, G=[5
k=1.5,

LR E T AERER 1RGSR
S TCHR R 22 R 5 B b 2R an 3 A fEl 4
IR .

Gn(s)=

1],

T T T T T
] s S S RS M
| i A it b o
e e
= VoA
I R T R A
IR/ =7 T
0.4 f Z G
/AN f— STC
oob- i Lo |-—-VSMRAC |
O/ B Y e

0 /lv 1 1 1 1 1 1 1 1 1

0 02040608 1 12 1416 1.8 2
tls

Bl 3 FTEHRIR Z= B R i R

Fig. 3 Step response without identification error

RAC
AbEed )

0 0204 0608 1 12 14 16 18 2
/s
B4 TR ARENTEHEDNSERENEFNEHES
Fig. 4 Control command of VS-MRAC

without identification error

M3 A LLFE L BER IO R Z 0, B4l STC 5
S 6 B N A B A A [ A M R 5 S
Wi e WA, all VS-MRAC PEREMS 22, MK 4
ALLE . A BE R T Al
VS-MRAC #il .

T ST ABER R 22 B B R 25 O B
SR 2 4% B Aay =0. 4, Aa, =0. 5, H I 47 2 il 26

1.4

1.2F--
1F--
0.8}--
o 7
0.6}--a/f

0.41--

T
....... VS-MRAC L
,,,,,,,,,, S HE R

0.2/
7
/
/

S e sl -Lo L __1___|

0¥ | | h | | | | |

0 02040608 1 12141618 2
t/s

Bl 5 BHEEIRZE R B EK i R

Fig. 5 Step response with identification error
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Fig. 6 Control command of VS-MRAC with identification error
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