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Abstract Our research team is developing a 6-DOF manipulator that is adequate for the narrow workspace of press
forming processes. This paper addresses the task sequence optimization methods for the manipulator to minimize the
task-finishing time. First, a kinematic model of the manipulator is presented, and the anticipated times for moving
among the task locations are computed. Then, a mathematical model of the task sequence optimization problem is
presented, followed by a comparison of three meta-heuristic methods to solve the optimization problem: an ant colony
system, simulated annealing, and a genetic algorithm. The simulation shows that the genetic algorithm is robust to
the parameter settings and has the best performance in both minimizing the task-finishing time and the computing
time compared to the other methods. Finally, the algorithms were implemented and validated through a simulation
using Mathworks' Matlab and Coppelia Robotics' V-REP (virtual robot experimentation platform).

Keywords : Press Forming Process, Task Sequence Optimization, 6-DOF Manipulator, Ant Colony System, Simulated
Annealing, Genetic Algorithm
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1. 6-DOF manipulator in press forming process
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Fig. 2. Coordinate systems for the 6-DOF manipulator

Table 1. Robot D-H Parameters

i a; o, d; [
1 0 90 74 0,
2 400 0 0 0,
3 411 0 0 0,
4 0 90 164 0,
5 0 90 120 0
6 0 0 70 0




A& 8] =g A Al8d A2E, 2017

Position
1000 T T ——
E 500 - — 8
0 _— | |
] 0.5 time(s) 1 15
Velocity
1000 T T
" Py N
E soof ~ ™ 1
E // ™~
o . . ™~
0 0.5 time(s) 1 15
Acceleration
2000 T
E ‘
Ed
E 0f 4
£
-2000 L
0 0.5 timels) 1 15

Fig. 3. Typical trapezoidal PTP motion profile
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Fig. 4. Locations of the 47 pemnuts for 55" LED TV

Table 2. Parameters for the Ant Colony System

Parameter Value
Number of Ants 100
Trace's Effects 5
Effect of Distance 5
Evaporation Coefficient 0.15
Iteration 500
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Fig. 5. Near-optimal task sequence obtained under the
ant colony system

AlEHOlE = oy oAl Al8-E AAFEELS Table
33 2o, el HZF H=2E Fig 63 2l

Table 3. Parameters for the Simulated Annealing

Parameter Value

Initial Temperature 1000

Cooling Rate 0.98

Threshold 3970
Number of Vertex to Swap 2
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Fig. 6. Near-optimal task sequence obtained under the
simulated annealing
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Table 4. Parameters for the Genetic Algorithm

Parameter Value
Population 40
Iteration 1000
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Fig. 7. Near-optimal sequence obtained under the
genetic algorithm
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Table 5. The minimum values under the three
meta-heuristic methods

Min. Value (s)
Ant Colony System 66.8
Simulated Annealing 68.7
Genetic Algorithm 66.4
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