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Abstract: The influence of the uncertain disturbance from a variational aircraft attitude angular veloci-
ty on the forward image motion compensation of reflector in an aerial camera was researched and a dis-
turbance observer was designed to observe the equivalent disturbance restrained by the corresponding
compensation of the controller. The mathematic model for a mirror system was introduced based on
the torque disturbance. Then, the external torque disturbance and the difference between nominal
model and actual target caused by the variational model parameters were equivalent to the control in-
put. The equivalent compensation was brought in the control to suppress the disturbance. Finally, the

propose method was used to design a controller with a disturbance observer for an aerial camera mirror
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to achieve image motion compensation control. The experimental results show that as compared with
advanced PID method, the compensation control algorithm based on the disturbance observer can re-
duce the forward image motion residuals by about 40% — 60% under the same disturbance. In conclu-
sion, the method improves the compensation precision and the robustness of compensation control for
forward image motion of the reflector in the aerial camera.

Key words: aerial camera;image motion compensation; forward image motion; observer; controller;
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Fig. 1 Principle diagram of forward image motion
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Fig. 2 Sketch map of variational aircraft gesture an-

gle velocity
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Fig. 3 Sketch maps of variational gesture angle ve-

locity and equivalent torque
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Fig.4 Basic structure of disturbance observer
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Fig.5 Principle diagram of improved disturbance observer
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Fig. 6 Control scheme based on disturbance observer

P ok A AE s B2y PID B3k R A 3R A
PID Hik.

e 5E PID Pl i gl AR 3895 1 H Y &2
SR T bR S RS RSB h TR R
SO R0 P LA B A ) O A v B R
AR JUHRAE I RS B 4 R BRI S 4
IS I N ) 2 (45 2R G A AR R i 22 - 2 i B U iz
SRR N i) R B BOME 4 o A R AT B £ A A
FIR 51 3 K 1 98 I 37 AT 0 ] R 30 25 8 1 22
RN AR B 1 TR AR JBE W X 4 v AR T
FREE . ARICR A E B I) , HIE A AR
22 M B BN i 22 B/, B PR . A AR
51 PID B350 -

uCk) = k,e(k) + k;{ Ze(i) + fle(k) le(k)} T

=0

+ Kyle(k) —e(k—1)] , (1D
A fLeCR) 1A ARy LB R 5 fLe (o) 15 i
22 e(k) I 5 Z8 0] DL JZ 2R 1 1 B0 AR 2tk 1, AR SC
KA TF IRk

J 1 le(k)|<B

e ]= W B<le(k)| <A+B.

1 0 le(k) | >A+B
(12)

PR RN A B IS HCESR A %), 25
BoOHIE .,

B NIRRT R R s B
X i R FEAT 0T s TN 45 58 (E AN U X AR TE
SEH RSN DL T Bl 5 i 1 228 108 4
AR EL G RN 0] DLk G 25 5 (AL I 51 R G
iz - I S e T R G Sh AR
A Bl T o3 1 1 32 e BCA

uvd(s): Tus+1
y(s)  yTys+T°

At 0 TG %y T L i
OB B ST R 1

(13

a1y Lt T

uvd(k)zde_'_T de+Ty(k)
Td o
N B e AT PID SR -
Mv(k):l/tvpi(k)—'_uvd(k) . (15)

4.2 MMB{HREIT

Sy S BGRB8 A7 28000 0 v A e 7
A RLIERR . Q () 1y TR B3 J5 I Sk e IR A B Q
(O=1;7Em B Q(s) =0, H Hi ¥ 5 {4 FH Y%
it 7 H. S. Leet't

g;) (D—Dik!)!/e!(ﬁy
QLo = (s + 1P

KD BB AL N A TR 5L Qo
I A ES S DN filc, D FIN Bk
FERIE QHG, ' () IEN; QCs) By B A i K 7 »
75 D)5 ) XL 8 A A s RE T Q) A FE . ¢
N L QUs)A T B TE 4l A0 T 4 RE B L {H X
£ M U R I o R Q) Y T
28, R ) M R O R R R Ah T R D AR
55,

A SR 5B =B 4 F S — B B GE B
W .- D=3,N=1,k=0,1,4 AKX (16), £ i@
R A

Q(s)=

, (16)

3rs+1
(z5)*+3(zs)*+3zs+1°

B 0. 001, 4% XU G, (s) R F PR B A, 3%
FH A 2 A P G I 32 R A A7 A ] IR 45 Tl R B Y
5 3 PR N -

G,, () =w(s) motor

an

B 10
~0.000 637s>+0.0737s+1 °

(18)

i EIA K,=13.5,K,=0.2,K,=5,3 H

SR FH AR S B4 11 I 3 6 R 3 T 42 B A 22 /N HEAT
il AR LB 7 R A=0.5.8B=0.8,
HRE P ER R 4> BAT PID gl A i K, =
10, K =0.2,K,,=5,y=0. 8, & | F Gt K Jil
T=0.001 s. 4 3CP5 ) 1 B 80Ak 35°Rk H& Br A +5




55 6 3] 5545 55 4 T P ORI 28 0 FT 25 AR BIL BT ) 42 88 b 42 1 2 1461
BEE T 0.015
0.01
5 Z£HiEh B4 E ooos -l
S 0
=}
5.1 LWBIEEH %70'005 T
2 001
ARSI 16 AR T R AR AILAYE A A IR 5 R BT i 0Ol
Sk e SR PR DL I 5 S5 T L R 5 5 90 9 o
Wy, A2 mHRRALEWE 7 xR, % 0 100 200 300 400 500

TMS320F2812 VE 2k &b B 25, % FH G W, 9 A %8 1F
R B AL RS R G T B MR AR Ry R AL A .

K7 sk R g
Fig. 7 Desktop debugging system

5.2 1§

S — L BF S R AR AL R TR 6 e
J5 ZE W FE N IR AT AR RS A MR T 52 0 {F L’x“ﬁ
BIL 2 il i 85 B AR M A R 0,57 « s L0k
FHASAE - H0 W8I0 45 1 3 B2 1N BR 2R 1 1%%5%1&%”%
S A BE R 22 M Ze an &1 8 N L SR A A T H0UL I
i 1Y T E DN PR HEAT 15 R A i i A P R 22 il
LWE 9 PR .

0.04
0.03 '
0.02 [yl ; e i

il Al

Speed error/(9-s~!

A

i
~0.01 [-i-- : ! | m A
-0.02
-0.03

0 100 200 3OIO 400 500
t/ms

P8 s T U I A 1 3 T R 72 £k

Fig. 8 Velocity error curve without disturbance observer
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Fig. 9 Velocity error curve with disturbance observer
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