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Abstract: For a certain type of airborne optical electronic load with frame-division step imaging, the sys-
tem undergoes a sudden change in the given position value and slight shaking of the camera body when the
motor starts and stops. The system takes so long that the steady-state setting time exceeds the time-se-
quence control requirements, which affects the image quality. This study proposes a control method called
cascade dynamic hybrid amplitude limitation. On the basis of cascade control with primary and subsidiary
loops, the system realizes the adaptation of the sudden jump in the given step angle value and reduces the
influence of slight body shaking via dynamic programming of voltage limits and speed limits according to
the photoperiodic starting signal and position-speed control signal. Finally, the system satisfies the time-

sequence control requirements of an airborne optical electronic load. Experiments and dynamic imaging
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tests indicate that when cascade dynamic hybrid amplitude limitation control is adopted, the system realiz-

es fast and steady-state performance of step position control during the imaging and back periods. The

steady-state setting time of position control during the imaging and back periods is reduced by 26. 56 % and

18.47%, respectively. This method satisfies the time-sequence control requirements of an airborne optical

electronic load and improved the rolling direction image motion compensation effect.

Key words: airborne optical electronic load; aerial camera; amplitude limitation; anti-windup; cascade

control
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Fig.1 Block diagram of pitch-angle frame division step

control system



1924 pj e

31 %

P2 IR AR o3 e 2 4 ) 3R R X 4
Fig.2 Controlled object of pitch-angle frame division

step control system

R G R A W) BT 0 E AL AT LAY, LR H
B 20K 8 1 2 Ty 22 9K 8h B 5T, AR £ H AL %% sh i 3h
ARF i1 20 A 10 3 T AR il 3R 20 i A B S 90 40 i A0
AR 5 2R FH O £F B SR Ay 3 0 1 SR 4%, O F il £
U R S VE R AR BE AR RS L IR AR o3 R D R 4R R 4
SR FH ER G B 1 2 b 7 ) A0 R R [l
JEE 42 ] 9 B Sy
2.2 RS NES R F &R 5 F R

12 1Y 1] [ A0 25 O FL AR AT SR FH 43 e 2B i IR
1 T A SRR L O P 2R Ay i g 1 A AR A
i S, 38 A0 A 440 Sk Y A 1] Bl A 1) 2B S
PR 43 W, 38 A R Ff1 R £ 3 ) A e R ] 45
B o M FA o3 R D BE S ) R G0 A 0 IR AR A 30 I 43
o B AG B RGR B B o AE RS BE L DO F R A 42 1
PR E /R (PS B SO EHIE S 1 Tt
AR 25 0 067 B D14 45 ) A, o R B SR K
AN R AR HEAT A0 AR B A ) Ry 60 275 7R IR
T B, 4 1E A B d5e KA 3k 267, 0 A 0 I 2 1) ) 4
R 2 an & 3 B R .

3 AR A o3 R 2 BE I 2 IR S
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quence control
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Tab.1 Comparison of experimental results of two control methods
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Control methods o
shoot/ % /ms /ms /(%)
Without amplitude limitation PID 7.5 88 320 0.05
Dynamic cascade hybrid amplitude limitation PID 4.25 97 235 0.005
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Fig. 12 Location curve of 26°step without cascade dynam-

ic hybrid amplitude limitation
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Fig. 13 Location curve of 2A-26"step with cascade dy-

namic hybrid amplitude limitation
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Tab.2 Comparison of experimental results of different control methods

Maximum Rise time  Setting time Steady-state
Control methods
overshoot/ % /ms /ms error/ (")

Without amplitude limitation PID 13. 46 155 874 0.05

Dynamic cascade hybrid amplitude limitation PID(22 V) 2.69 244 494 0.005

Dynamic cascade hybrid amplitude limitation PID(24 V) 3.9 166 403 0.005
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P BOR A 22 S AR T 2720 B n  , 2R — 7 1) 0 a0 AR B [0 A7 4 i 49 K X P A R R L 4
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