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PSO-based time optimal trajectory planning for
six degrees of freedom robot manipulators with speed constraints

LI Xiaowei, HU Likun, WANG Hu
(College of Electrical Engineering, Guangxi University, Nanning 530004, China)

Abstract ; The trajectory planning is designed for robot manipulators in the joint space according to interpolation
points on the premise of the solutions to the forward and inverse kinematics problems of 6-DOF ( depth of field) ma-
nipulators. This paper puts forward the particle swarm optimization ( PSO) -based time optimal trajectory planning of
the 3-5-3 polynomial interpolation method in order to make mechanical arms run in the shortest time at a constrain-
ed speed. The PSO is proposed to optimize run time due to its simple structure and easily adjustable parameters.
The polynomial interpolation time rather than coefficient is selected as searching variable in PSO optimization. If the
interpolation time of three polynomials doesn’t meet the constraints, the particle will be excluded by comparison.
The shortest time of the 6-DOF manipulators running at different speeds is obtained by offline PSO. Real-time ex-
periments are conducted on the robot control platform. It shows that this method can accurately realize time optimal
trajectory planning at any speed through its position, velocity and acceleration curves.

Keywords: robot; 6 DOF manipulators; particle swarm optimization; trajectory planning; polynomial interpola-

tion; speed constraints; time optimal
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Fig. 1 The D-H coordinates of robot manipulators
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Table 1 The D-H parameters of six degrees of robot manipulators

X d/mm a/mm a/(°) 6/(°) XYL
i W/ (°)
1 0 150 90 0 [-150,150]
2 0 570 0 90 [-80,65]
3 0 150 90 0 [-80.80]
4 650 0 ~90 0 [-175.175]
5 0 0 90 0 [-110,110]
6 0 105 0 0 [ -200,200]
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Table 2 The path in the Dartesian space
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Table 3 The interpolation points in the joint space

CStR 0 0, 0, 05

KA1 0 -6.009 -21.803 -19.983
KT 2 0 15.053  -0.851 -18.161
XT3 0 11.948  -10.833  -7.900
X7 4 0 0 0 0

XS5 90 86.871  79.975  100.240
X6 0 -6.009 -21.803 -19.983
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Fig. 2 The optimal particle p,of joints 1 evolution
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Table 4 The optimal time of joints 1 under the restriction

different speeds

HEEHERI(°/s) /s t,/s ts/s
(-115,115)  0.2229 0.294 9 0.138 4
(-57,57) 0.444 9 0.592 4 0.285 6
(-20,20) 1.274 7 1.636 1 0.848 5
(-10,10) 2.567 1 3.2458 1.720 9
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Table 5 The optimal time of each joint under speed [-20, 20]

KT ty/s ty/s ts/s
PSR 1.274 7 1.636 1 0.848 5
XA 2 3.116 2 2.188 8 3.280 0
XT3 3.107 0 3.997 7 1.605 0
XA 4 0 0 0
XA 5 0.813 1 1.170 2 3.062 0

X7 6 1.274 7 1.636 1 0.848 5
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Fig. 3 Mechanical arms’ joint position curves of PSO
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Fig. 4 Mechanical arms’ joint speed curves of PSO
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Fig. 5 Mechanical arms’ joint acceleration curves of PSO
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Fig. 6 Mechanical arms’ joint pulsation curves of PSO
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