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Global Search for Optimal Geometric Path amid Obstacles
Considering Manipulator Dynamics
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ABSTRACT

This paper presents a numerical method of the global search for an optimal geometric path for a manipulator
arm amid obstacles. Finite term quintic B-splines are used to describe an arbitrary point-to-point manipulator
motion with fixed moving time. The coefficients of the splines span a linear vector space, a point in which
uniquely represents the manipulator motion. All feasible geometric paths are searched by adjusting the seed
points of the obstacle models in the penetration growth distances. In the numerical implementation using
nonlinear programming, the globally optimal geometric path is obtained for a spatial 3-link(3-revolute joints)
manipulator amid several hexahedral obstacles without simplifying any dynamic or geometric models.
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Fig. 1 The growth model A(o).
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Table 1 Specifications of model.

link 1 | link 2 | link 3

length in each link ad 8} 8? 8?

coordinates Y - - -

z 05 0.1 0.1

7| 1000 | 1000 200

actuator property | & 12 12 12
451 1000 | 1000 | 1000

mass 50 30 20
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Table 2 Specifications of obstacles.
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Fig. 2 3-link manipulator and an obstacle.
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Table 3 Locations of seed points in each obstacle

obstacle (1) | obstacle (2) coordinates (xs, ys, 2zs).
centers in base i" —0644175()28 8:;2)3 obstacle (1) obstacle (2) converged to
coordinates P 0.09835 0.9017 (-0.1, -0.1, 0.1) | (0.1, -0.1, 0.1) global
length in each lx 0.3 03 (01, 01, -0.1) (‘0.1, 0.1, -0.1) local (1)
obstacle A 0.3 0.3 (-0.1, -0.1, 0.1) { (0.1, 0.1, -0.1) local (2)
coordinates l 0.3 0.3 0.1, 0.1, -0.1) | (0.1, -0.1, O.1) local (3)
Tabie 4 Convergence properties and J4, J,  along optimal path.

, total line searches dynamic obstacle
geometric path total BFGSs |4 "1t / 2nd BFGS term (/) term (/)
global optimum 2 86 / 68 0.214 1.46E-9

local optimum (1) 2 85 / 68 0.261 3.94E-9
local optimum (2) 2 84 / 74 0.302 3.81E-8
local optimum (3) 2 70 /71 0.497 4.87E-8
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{a) global optimum (b) local optimum (1)

(c) local optimum (2) (d) local optimum (3)

Fig. 3 Optimal geometric paths.
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Fig. 4 Convergence properties of globally optimal path,
thick/thin lines represent 1st/2nd BFGS procedures.
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(a) globai optmal path (b) local optimal path (1)
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Fig. 5 Joint displacements of optimal paths, thick/thin/dot
lines represent 1st/2nd/3rd joints.
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(a) velocities

(b) accelerations

05
time{sec) time(sec)

{c) joint-jerks (d) actuator torques

400

(Nm)

-400

o

05 1
ume(sec) time(sec)

Fig. 6 Dynamic properties of globally optimal path,

thick/thin/dot lines represent 1st/2nd/3rd joints.
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