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Minimum-Time Trajectory Planning
for a Robot Manipulator amid Obstacles

Jong-keun Park*

ABSTRACT

This paper presents a numerical method of the minimum-time trajectory planning for a robot manipulator
amid obstacles. Each joint displacement is represented by the linear combination of the finite-term quintic
B-splines which are the known functions of the path parameter. The time is represented by the linear
function of the same path parameter. Since the geometric path is not fixed and the time is linear to the
path parameter, the coefficients of the splines and the time-scale factor span a finite-dimensional vector
space, a point in which uniquely represents the manipulator motion. The displacement, the velocity and
the acceleration conditions at the starting and the goal positions are transformed into the linear equality
constraints on the coefficients of the splines, which reduce the dimension of the vector space. The optimiza-
tion is performed in the reduced vector space using nonlinear programming. The total moving time is the
main performance index which should be minimized. The constraints on the actuator forces and that of the
obstacle-avoidance, together with sufficiently large weighting coefficients, are included in the augmented
performance index. In the numerical implementation, the minimum-time motion is obtained for a planar 3-
link manipulator amid several rectangular obstacles without simplifying any dynamic or geometric models.

Key words : Minimum-Time Motion (A3t 343 %), Nonlinear Programming(¥141% A &%), Quintic B-
spline(53 B 2Z#9l), Penetration Growth Distance(3 5 4% Azl)
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Fig. 3 Planar 3-link manipulator and an obstacle.
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Table 2 Specifications of the model.
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initial minimum
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Fig. 6 Resultant joint jerks and equivalent torques in Ex, 2.

Thick/medium/thin lines represent 1st/2nd/3rd joints.
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