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Adaptive Control of Space Robots

Kei Senda*!, Hideyuki Nagaoka*? and Yoshisada Murotsu*!

This paper is concerned with an adaptive control of free-flying space robots with uncertain inertial parameters
of payloads. It is applicable to control all of the position and attitude of the satellite vehicle as well as that of the
manipulator hand if the satellite has position/attitude control devices, e.g., thrusters and control momentum gyros.

The proposed adaptive control realizes high control performance by estimating unknown parameters even if a control

model has an error to the real plant caused by the payload. Asymptotic stability of the adaptive control is proven

by Lyapunov’s second method. The effectiveness is examined by numerical simulations for a hardware experimental

system.
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Fig.1 Hardware space robot model
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Table 1 Specification of space robot model

Mass | Length | Mass center | Inertia
Link i || m; [kg] | £; [m] a; [m] I; [kg-m?]
Link 0 46.94 0.459 0.000 1.413
Link 1 2.75 0.300 0.206 0.031
Link 2 1.62 0.260 0.138 0.017
Link 3 3.29 0.095 0.047 0.042

Table 2 Initial values of 3 and real values of 8

[ [ B[ B2 | Bs [ Bs |
0.060 | 0.0189 | 0.0047
0.245 | 0.0189 | 0.0419

[ Initial values | 1.34

| Real values | 3.29

Satellite body
Link O

Fig.2 [Initial state of space robot model
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Fig.3 Motion of robot controlled by adaptive control (#1)
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g.6 Motion of robot controlled by RAC (#1)
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Fig.8 Motion of robot controlled by adaptive control (#2)
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Fig.9 Error norm controlled by adaptive control (#2)
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Fig.11 Motion of robot controlled by RAC (#2)
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Fig.13 Motion of robot controlled by adaptive control (#3)
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