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Control of Planar Space Robots Using Smooth and Time-Invariant Feedback

Ranjan Mukherjee*!, Masayuki Kamon*? and Kei Senda*3

In this paper we address the problem of reconfiguration of a freely floating planar space robot. Such a system
is nonholonomic in nature due to the conservation of its angular momentum. This paper presents a smooth and
time-invariant feedback control strategy that asymptotically converges the system states from practically any config-

uration to the desired configuration. The controller does not render the desired configuration asymptotically stable
in the sense of Lyapunov but suffers from no convergence problem. The control strategy, though time-invariant,

uses a nonlinear oscillator and extends the concept of geometric phase to control. In certain situations the controller
has a slow rate of convergence but this problem can be easily rectified by simple modifications, as suggested in this
paper. A stability analysis of the closed loop system using the original controller is only presented but results of
numerical simulation indicate that both the modified controllers as well as the original controller can converge the

system states to their desired values satisfactorily.
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Fig.1 A planar space robot with three links
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Fig.2 Contour plot of h3 in the ¢;—¢2 space and the zero-
holonomy curve
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Fig.3 Interpretation of radially isometric orientation
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Fig.4 Two different strategies for avoiding a zero surface inte-
gral; (a) first order Lie bracket motion, (b) second order
Lie bracket motion

EBAYO AT I-@lBISEVWE ELRTELNREIRET, 20
BEECIRESFTE S, E—BEHESIZRELH
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Table 1 Initial and final configurations of the space robot

Case Controller (6 ¢1 ¢2) (04 &14 ¢24)
(A) Reorientation maneuver | Section 3.4 [ ( 0° —60° —60°) [ (15° —60° —60°)
(B) Reshape maneuver Section 3.4 | (30°  0° 0°) | (30° 45° 60°)
(C) General maneuver Section 5.2 | (15° 90° 90°) | ( 0° 0° 0°)
(D) Reorientation maneuver | Section 5.3 | ( 0° 0° 0°) | (15° 0° 0°)
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Fig.5 Time histories of the state variables
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Fig.6 Trajectories in the shape space of the manipulator
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