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Fuzzy smooth switching algorithm for VSCMGs based on clustering-mutated PSO
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Abstract; Aiming at the conflict of the stationary and rapidness of the terminal mode switching when the variable
speed control moment gyro is applied as the actuator on the agile remote sensing satellite for attitude maneuver, on
the basis of considering the frame speed error, the attitude error parameter is designed as the switching index, the
transition rule within the error parameter switching area is formulated, and the command torque is assigned to CMG
and flywheel in real time and solved respectively. A control torque gyroscope/reaction flywheel fuzzy smooth
switching control law is proposed. In order to make the attitude of the satellite at the end of attitude maneuver reach
the requirements of attitude stability and pointing accuracy in a shorter time, the clustering variation improved
particle swarm optimization algorithm is proposed to optimize the parameters of the control law and determine the
best switching region and switching parameters. Finally, the simulation results show that the improved particle
swarm optimization algorithm always shows better fitness than the traditional particle swarm optimization algorithm in
the same iteration times, with faster convergence speed and higher convergence accuracy. Compared with the
existing control law, the fuzzy smooth switching control law after parameter optimization can complete the smooth
switching of dual modes in a shorter time. At the end of attitude maneuver, the requirements of attitude stability
and pointing accuracy can be reached more quickly, and the control performance of agile maneuver and high stable
pointing of remote sensing satellites can be improved, which raises the quality of imaging mission.

Keywords: agile remote sensing satellite; variable speed control moment gyro; fuzzy switching; particle swarm

optimization ; attitude control
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Fig.1  Switching function

W 14 DX IS 158 25 DA — YR PR 5 31 0 ~ 9,
FIFEA—5E B A3 B0 25 CMG RS S IR = 146t
K (9) B S B pREAE R W40 ki B, Wi 25
By CMG AU ARy e S Tl (10) L (11) 1%
), A2 TR 2 A TR A A 3 5 SR pR A
e S A5 28] 158 2 SR 14 1R 22 /IR 145 10 S )
FE A3 %F N CMG AR A KA T AR i b, Ar R
KEEA CMG B L (12) L (13)

L=e™ g<x<o
P (x)={l+e™™ (10)
1 x=9
Py(x) =1-P,(x) (11)
T, =P, (x)T, (12)
T,=P,(x)T, (13)

X T, FABLs CMG IFE4 10, T, MaTesh &
BIFEA 150, T, PD il s A il 484 158,

FHE(14) Iy LA e B g mdg A
FIHE R 22Kk AL sh ik A b Rl B 1Y) CMG A 5
BF, AT 3E S REE R AMEZ IR A B iR 22 T R /A
(R 2 0 38 I PR ST D) 40 SR W o 98 4 0
T, SRZEJFEZ M, TR T RSB BT,
ZR VSCMG JS AT RE TAETESE CMG B, P ik
W{E D, =0. 1,54 518 D, > D, B}, & KRR 5
WIEHE U FAEN D <D, , UK TR AN T 9045
VE B B S R TAERY Beit, & RAeimad X (15)
i e,



.96 - MoK T

VAN S

5555 4%

6=-C"(CC"+)\E)'T, (14)
Q2=-D"(DD") (T, -(-G5)) (15)
AH: A =Agexp( —uD,),D, =det (CC") ,E =
Ly 7
Ys Loy Ly =vesin(at +9,) 0 Ag ¥y .9
Y. v 1
BT A0 # 5L
5 b BT U R A R 1,
1 EHTEBYIRIEINE
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Fig. 6  Simulation results of the proportion of torque
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Fig.7 Simulation results of angular velocity and tracking error of Euler angle
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