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Design of a Robust Controller for Uncertain Robot Manipulators with
Torque Saturation using a Fuzzy Algorithm

Hyeung-Sik Choi*, Jae-Hyung Park**

ABSTRACT

Robot manipulators, which are nonlinear structures and have uncertain system parameters, have complex in
dynamics when are operated in unknown environment. To compensate for estimate errors of the uncertain system
parameters and to accomplish the desired trajectory tracking, nonlinear robust controllers are appropriate. However,
when estimation errors or tracking errors are large, they require large input torques, which may not be satisfied
due to torque limits of actuators. As a result, their stability can not be guaranteed. In this paper, a new robust
control scheme is presented to solve stability problem and to achieve fast trajectory tracking in the presence of
torque limits. By using fuzzy logic, new desired trajectories which can be reduced are generated based on the
initial desired trajectory, and torques of the robust controller are regulated to not exceed torque limits. Numerical

examples are shown to validate the proposed controller using an uncertain two degree-of-freedom underwater robot
manipulator.
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Fig. 4 Generation of New Desired Trajectories

input (Torque)

Fig. 5 Comparison of Torque Inputs for Link 1
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Fig. 6 Comparison of Torque Inputs for Link 2

Tracking Error
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Fig. 7 Trajectory Tracking Errors

144

ila]

o

az

1. J. J. E. Slotine, "Sliding Controller Design for Nonlinear
Systems,” Int. Journal of Control, 40, 2, 1984.

2. M. Corless and G. Leitmann, "Continuous State
Feedback  Guaranteeing  Uniform  Ultimate
Boundedness for Uncertain Dynamic Systems,” J.
Automatic Controls, AC-26, pp. 1139-1143, 1979.

3 Y. H. .Chen, "Robust Computed Torque Scheme for
Mechanical Manipulators: Nonadaptive Versus
Adaptive," J. of Dynamic Systems, Measurement,
and Control, Vol. 113, pp. 324-327 1991.

4. 1. J. E. Slotine and M. W. Spong, "Robust Robot
Control with Bounded Input Torques," Journal of
Robotic Systems, Vol. 2 No. 4, pp. 329-352, 1985.

5. M. W. Spong, J. s. Thorp, and J. M. Kleinwas,
"The Control of Robt Manipulators with Boubded
Input,” IEEE Trans. on Automatic Control, Vol.
AC-31, No. 6, 1986.

6. H. S. Choi, "&% fjUEgolelo) 34 S 2=
52 AdA " FFHY T3], Vol. 144, 1997.

7. H. S. Choi and M. H. Lee, "¢ & 3AZ 2+ 9
g AN2=5S A AAAN7Y A &5
A9 33, Vol. 149, 1997.

8. W. Kaewprom and K. Ohishi, "Robust Manipulator
Control Considering Saturation of Joint Torque and
Joint Servo System,” 2nd Asian Control
Conference, pp. 617-620 1977.

9. H. S. Choi, "Modeling of robot manipulators working
under the sea and the design of a robust controller,”
Int. J. Robotica, Vol. 14, pp. 213-218, 1996.

10. V. F. Filaretov and E. V. Koval "Autonomous
Stabilization of Underwater Robots in the Time
Manipulation Operations," Proc. Int. O.P.E.C,
Osaks, Japan, pp. 382-388, 1994,

11. Inge Spangelo and Olav Egeland, "Generation of
energy-optimal trajectories for an autonomous
underwater vehicle," IEEE Int. Conf. Robotics and
Automation, pp. 2107-2112, 1992.

12. E. H. Mamdani and S. Appilian, "An Experiment
in Linguistic Synthesis with a Fuzzy Logic
Controller," Int. J. Man-Machine Stud., Vol. 7,
pp. 1-13, 1975.



