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Abstract: An adaptive feed-forward control method combining with feedback control was proposed to
improve the command tracking performance of control circuit in an inertial stabilized platform. On the
basis of subspace system identification, the input-output data were used to identify a state space of the
stabilized platform model and the frequency-domain loop shaping technique was used to design the
feedback loop controller to reject the external disturbance. Furthermore, a Recursive Least Square
(RLS) adaptive filter was taken to build the inverse model of the feedback control loop and to
construct the all-pass transfer function for increasing tracking performance. Several tracking
experiments were conducted on different command inputs to verify the validity of the adaptive feed-
forward controller. Experimental results show that this method responses quickly to step commands
and the overshoot has decreased from 30% to 4. 5% as compared with that of the feedback control.
For a sinusoidal signal at the frequency of 30 Hz, the adaptive feed-forward controller can obtain an
amplitude response without attenuation and the phase lag is reduced to 54° from 90° as compared with
that of the feedback control. This method significantly improves the transient performance and is

superior to the feedback control alone.
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Fig. 1 Inertially stabilized platform with one DOF
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Fig. 3 Diagram for feedback control loop

G, (o) R 0 G A% 38 bR AL, G, (o) R Be iR A%
B PREL . FCo) R PR S U8 I 215 1 R 2L, Co (0
i 1) 2 Tk v A 6 R B G ) g 3 AR 4 2% | bl 4
XF G A RS B B R A 08 ) SO ik A

PR F BRI AT SO G ik b % 3 eRi
BOR -

G(2)=C(zI—A) "B+ D. (22)
AR 4 TR

Bode Diagram

(o]
=

T

=

=10 i

Magnitude/dB
=
/

Phase/(“)

10° 10! 10° 10° 10°
Frequency/(rad+s™")

LRSS CE TE

Fig. 4 Frequency response of generalized plant

T[] O s A B M
0.273(2—0.958) (2—0.958)
(z—1)(2—0.965)

B 48 X G2 25 (] I R PR BT T IS A5 2 B T PR AR R
FetEan &l 5 iR, RGHE 46 Ml 11,3 dB, AHA
B 65. 77, B EIARAR 99. 1 rad/s, BitghiR
FW L FR G0 X I RUAS I S AT B 1 e L AT LA
M) J37 4 4 1) PR R A2 Ak

Cﬂ)(z): . (23)

Bode Diagram
Gm =113 dB (at 325 rad/s), Pm = 65.7 deg (at 99.1 rad/s)
40

™

-

Magnitude/dB
L

720 :
540 i -
360

Phase/(%)

= C

10 10! 10 10° 10°¢
Frequency/(rad-s™')

5 RGITHIARREE

Fig. 5 System open loop frequency response



RUTH 55 B E P B A I

ikGEE ] 145

4 8 iEF A A

3 D7 54 5 ) ZE A AE T AN AT 6 s .
e G (o) g A FR o g 37 8 3 45 55 B B9 i 457 b
et = " O ORIE B3t 4% 4 18] % B A Shannon-
Bode 3 fift (4 238 $545 , 0L 0 A A 3 N0 A
T 2 AL S 15 47 1] ] g% 1) 0L e (), TE LR
Tt g il 1] s B A B 9 . BRI AL R L 48 4 - F
Bty BAT Sl e vk . A IS A 5 S S
il [ AL I 2 1 Pl RE A A5

I
| il
1

Cl2) G(z)

Vi ~ Uy
1 Cul2

|&'|- 7 il
EpLANAI] Ly

6 I R ET W ) 2 A HE ]

Fig. 6 Diagram for adaptive feed-forward control
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