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Optimal Geometric Path and Minimum-Time Motion
for a Manipulator Arm

Jong-keun Park*, Sung hyun Han*, Tae-han Kim**, and Sang-tak Lee**

ABSTRACT

This paper suggests a numerical method of finding optimal geometric path and minimum-time motion for a
manipulator arm. To find the minimum-time motion, the optimal geometric path is searched first, and the
minimum-time motion is searched on this optimal path. In the algorithm finding optimal geometric path, the
objective function is minimizing the combination of joint velocities, joint-jerks, and actuator forces as well as
avoiding several static obstacles, where global search is performed by adjusting the seed points of the obstacle
models. In the minimum-time algorithm, the traveling time is expressed by the linear combinations of finite-term
quintic B-splines and the coefficients of the splines are obtained by nonlinear programming to minimize the total
traveling time subject to the constraints of the velocity-dependent actuator forces. These two search algorithms
are basically similar and their convergences are quite stable.

Key Words : Optimal Geometric Path (4 7]18F8td 2 ), Minimum-Time Motion (AN 7FE 43 £%),
Quintic B-Spline (52} B-Z%8}Ql), Penetration Growth Distance (%437 ¢]), Nonlinear
Programming (¥] 413 A 21§y
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optimal paths obstacle (1) obstacle (2)
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local (1) (0.1,0.1,-0.1) (-0.1,0.1,-0.1)
local (2) (-0.1,-0.1,0.1) (-0.1,0.1,-0.1)
local (3) (0.1,0.1,-0.1) (0.1,-0.1,0.1)
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Table 4.4 Convergence properties and J,, J, along
optimal paths.
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ba Ist/2nd BFGS
global 2 86 / 68 0.214 | 1.46E-9
local (1) 2 85 / 68 0.261 | 3.94E-9
local (2) 2 84 / 74 0.302 | 3.81E-8
local (3) 2 70 / 71 0.497 | 4.87E-8

Fig. 4.3 Convergence properties in finding optimal
geometric path. Thick/thin lines represent
Ist/2nd BFGS procedures.
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