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Acceleration feedback control in inertial stabilization system

Tang Tao'?, Zhang Tong"?, Huang Yongmei'?, Fu Chengyu'?

(1. The Key Laboratory of Beam Control, Chinese Academy of Sciences, Chengdu 610209, China;
2. Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209, China)

Abstract: Gyro is popular equipment in the inertial stabilization control system. There is one velocity
stabilization control loops with gyro in classic control system, one of the main limitations to inertial
stabilization system is control bandwith for gyro—based inertial control system. High control bandwith is
too difficult to gain because of nonlinearities, such as mechanical resonances. A new control structure of
multi —stablization control loop was introduced where an acceleration feedback loop is added into the
velocity control loop. The angular accelearation signal was from two accelerometers, and not was
calculated with velocity and position signal. Using Lyapunov theorem, the stability of the multi —
stabilization control loops were verified, and the friction of inertial stabilization system could be reduced
with acceleration feedback. The torque attenuation with multi —stabilization control loops was equal to
accelaration feedback loop’s attenuation multiplied by gyro feedback loop’s attenuation. The experiments
show the multi—stablilization control loops improve the performance of inertial control system.
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Fig.1 Control structure of multi-loop stabilization
HUA B SR A BRI P2 Sl i BE T 08

v(s) _ 1/s 1
) 111 g, v
s

eq(s)=

A0 PAT B (14 3 Sl 40 1) o Bz A

1 % 1/s
1+G,G, 1 . GG
a 1 A+ . a
ty O1r6.6,

B A 20 (1) () 1T LAAS 20, 5L i B R R Y
B MR EE S AR 8 0 R 2 400 ] BE O 2 i B S A5 B R
RN E AR Ty e B, WA SR B A B I A fE
FR TN T BE A% B2 T B PR B R G B A 1) B R A
B 1 LR A B AE LE A B A TR A R A AR T A AR R
UE7R =N

AT R R R AR, N B P A R MO
FE KT T J32 DA BT R 52 o [w) B, o 3 4 o 8
AR AR KR A RE AR IR AT f IR AR PE e L (H R R
a3 g B A 23 0K A T R, R A S T A S
Wb E R,

JEE 45 bR T B AR 5 0 A M R, AR M AE A
BRI ECR B Tk T

a5 Gaussian BEIEFBIRIUNT .

(2)

ed(s)=

7(0)=g(0)sgn(0)+00 (3)
3 ) B8 P
U=K; | (U 64K, (1= ) (4)

t=0

A g 7T LA AR S0 B0 (07 B 30 ) 1 i i1, o] AR
PR B R 55 . IR RGBT .

1=t

]ézKlJ (Mmut_é)dt‘l'Kp(uP"m_é)-'_Tf (5)

=0

AR B 1,20, 4 = | (0~ xm5=0-0)

=)



3464 ERNEY Sy 1

% 43 %

K, 0

Jx
0 J

X=[x; x],¥EH Lyapunov &% N V[_x]:éiXT[
A

VIX]C =Ko tul Fr(F=FJe " Isgn(x)+os, =

xl

(0K )Xo+l [F+(F—F.)e ) 1 (6)
— R B, 0o K,<O, WA ANERE PRI

Fs
(K- )

R RE DA BR R B X ek R TR B 4 O

DA BRI 3R K, — B AR T AR Al
EJE;E%%\ VB AR ] R G R E B
2 B — R R R I iR 2%

Jon B 2 O u=K,
R P R LR R

1=t

u=K,[K, J (0—-6)dr+K,(0—-0)—0] (8)

=0

101, <

o X AT LAAT F s

[) 2L, Al LA B A AR XN

161, < — ’;
KR | K
L8 20 (7)) L (O) T A, v= B4 25 09 0 R R R ik
AR B XK R/ (AN BETH B o 7F 2 08 5 3 55
BN T R R R A ET IR R, R AR S 1 o PR
AN I A Z0(9) 7K -, T DL Sk B 5 5E 4 gl 4 ol
“ORIUE TE BT BE .
HF SCACEEIS B A0 BT TS R 4 ) e 0 0 B e
WSS R A S TR P A R R P R PERE . T A
A% 35 DRVER 1) 5 P 3 BT 00 S T B R AR T e 4
il A8 BT M, 2 IR sl A AR e T Bk 2 H L -
FUK B B R GE, 0 R AL i s BT AR IR R

1 K
(Jut ) Jud i/ (Jut L) s +ds+K (10
O 53531

LT S 50 R R AL SR 6,6
A HLHLEL s K DR S380RT L BB T N B,
R EL LR AL T 4 s d, A BTE R
T B TF BRI S A R R AR (10) H A
WA, AR TR N A % B2 T BE AR 2k
PR, i s o] 25 v 200 5 AT U N IR Y {1
TR 0 B s o R A BT A B LA i R A
S A AR SR e B 0 R GE 2R, T IR DLS 19 4

9

G=

AR HA AR P T P P R AR s ) IR
REAE X A1 B EAT AR R R BE A 8 0, A BRI iR 2R
HANAAN ARG o AR BT I s A T
PR R 58 R 2 =2 1) BIbAL o 5 5 8 0 4 by | {H
X AR AR AL R KK, X AR B 4 i A IR AR AN MY

YA EANE 2 Bros i — 4R sl B R
SEV B, P8l & B R R T3 2
BLBK 2 A 4 ] - &, b 122 R A E L B2 e B IR
FEE A HLK B Y- f bR A i
FIBE R S X A %E - 153 BEAT P 2040 8 100, 2 50

A BUE T ) RUE B IR R E £ PR, 48 41
BT B KRR £ 00 MR 1 £ 5 L
LB

Pl F G ME LS 5

[ 2 JIuh e

Fig.2 Experimental setup
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Fig.3 Acceleration opened loop response
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Fig.4 Velocity closed loop response
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Fig.5 Disturb attenuation response
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Fig.6 Velocity tracking error
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