% 48 % 6 W] noF ¥ ® Vol. 48, No. 6
2016 % 11 H Chinese Journal of Theoretical and Applied Mechanics N2016

N F 5=

HHETERESRREF RS MR

T RETAE T
AR5 B RH AU TR %, Jbat 100192)
FOETUE BR324 %, 65T 100192)

TR OFIUHNF AR (RIS A AR SRR TR RIS ST R 5 01 4
R LR ER I DUBEOEAT L G S A L 6] A, 32111 i Gaussty bR 8P 1A b3 EL BT Rt
RO AT 2 K0T 2 RSB, 50, RN 1t VRSBt 00 1 B LU, 5 8 A5 0 X
FRRI R GE Al 52 MU AE B 1 P AR T Gaussbh I TCHERS RAEH R 411 52 SEIE R L S Y
FRPERU R, JFAE R AR 0 1 R MRS R R b >
5 S B BT A, FI = R A AR 15 AN TR R B 26 T LT R
PRV R 7 50— WAL B, TR AR ERAL OB R, TR RS AE Ty
i SRS B A 6 A 0 e AL S0, R IR IS5 M R, LA
REFORRE B T 6 PR L A R S UG B 00 R B R LA SRR B s S0
O T I A S ST R B AT A
KSR 1A, Gaussphilfik, ELAAT IS, B

FEHSES: 0316 C#EkFRIRAS: A doi: 10.60520459-1879-16-189

THE ATTITUDE OPTIMAL CONTROL WITH A HYBRID OPTIMAL STRATEGY FOR A
FREE-FALLING CAT Y

Yi Zhonggui Ge Xinsheng?
*(School of Mechanicak Electrical Engineering Beijing Information Scienc& Technology University Beijing 100192 China)
7(School of ScienceBeijing Information Scienc& Technology University Beijing 100192 Ching)

Abstract Researching the twist motion of a free fall cat has an important reference value for exploring the motion rules
of astronauts under the condition of weightlessness in space. For the attitude optimal control problem of a free-falling
cat which limbs is always land on floor firstly, a hybrid optimal strategy is presented, which combines the Gauss pseudo-
spectral method for feasible solutions with the Direct Shooting Method for exact optimal solutions. Firstly, according to
the conversation of angular momentum in the process of the cat free falling, the nonholonomic attitude motion equation
of the simplified two symmetry rigid bodies can be deduced; then the attitude nonholonomic motion planning problem
of non-drift system can be converted to a nonlinear programming problem by using Gauss pseudo-spectral method, an
the feasible solutions of control can be solved through SQP algorithm at a lower LG points without considering the actual
index function, and more nodes of control can be obtained through cubic spline interpolation; at last, with the theory of
Direct Shooting Method, substituting these control values of interpolation into SQP algorithm as initial values to compute
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the optimal control inputting, then attitude motion of the cat can be obtained by applying the optimal control into motion
equation of system. Through numerical simulating, the attitude motion is smooth, and can reach the predetermined targe
location at a higher accuracy; the optimal control can satisfy the requirements of zero boundaries control and maximurr

control. The results demonstrate the robustness fiadtizeness of the hybrid optimal strategy.

Key words free-falling cat, Gauss pseudo-spectral method, direct shooting method, optimal control
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Fig.1 Mechanical model of a free-falling cat
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Fig.2 Coordinates transform of attitude
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pseudo-spectral method and direct shooting method
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Table 1 The change of relevant parameters of optimal solutiorffierdnt initial values

Operating times 1 2 3 4 5 6
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running time 1663.676 1679.324 1608.582 1611.519 1647.878 1668.262
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