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Time Optimal Trajectory Planning of Manipulator

Based on Improved Bat Algorithm

LI Shuaishuai, WANG Shuangyuan,ZHANG Wufei, LI Jiacheng

(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract; Aiming at the time-optimal trajectory planning of the SCARA six-degree-of-freedom manipulator in the process
of motion, a time-optimal 3-5-5-3 piecewise polynomial interpolation trajectory planning algorithm based on the improved
bat algorithm was proposed. Firstly, a 3-5-5-3 piecewise polynomial was constructed for the manipulator. Then, under
the constraints of angle, angular velocity and angular acceleration, the results of the piecewise polynomial were optimized
by using the improved bat algorithm with the shortest time as the objective function of optimization. Finally, the
simulated calculations were performed in MATLAB software. The simulation results show that the improved bat algorithm
is better than the traditional bat algorithm in terms of convergence and optimization, and there is also a significant
improvement in local convergence. The angular displacement, angular velocity and angular acceleration curves of each
joint are relatively smooth with no abrupt change, which fully proves the feasibility of the improved algorithm.
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Figure 1  Flow chart of bat algorithm
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Table 1  Interpolation points in manipulator joint space
XA 0,/(°)  02/(°)  63/(°)  64/(°)  65/(°)
1 -90 -80 -60 -80 -30
2 -60 30 -90 60 120
3 0 30 60 30 90
4 60 30 60 90 30
5 -120 -90 -60 -90 -30
6 30 90 60 120 60
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Table 2 Optimal time of each joint of manipulator

BN ty/s lp/s t/s ty/'s
1 0.1215 0.427 6 0.526 8 0.570 9
2 0.1345 0.365 8 0.458 1 0.480 7
3 0.1458 0.3215 0.368 5 0.358 1
4 0.354 6 0.382 6 0.328 4 0.297 6
5 0.257 8 0.287 4 0.4829 0.1956
6 0.1247 0.156 2 0.298 4 0.179 4




CEAss - igit] Zmym, 5 BT U IRIE R AW E I BRI HDAL 11

R 15 X 8 B 1 O T 35 B 4 o
S BB (L T B SRR AL, T LA ¢y = 0.354 6 5,1, = Lol it
0.427 6 5,1, =0.526 8 5,1, =0.570 9 s, Z3f By ol : e
BT MAT 3553 U2 5 | T A58 46 56 o oo e
(O L D 2 e i 0 2, WAL 2 o T B £y g7, ’

B BB B0 B3 ) R SR E A 5 Brop g .

BB AT ET . 13 ~ 5 S0 M BUBRE BT 3 4% R
T L A, X 1 0 P KM 18 A A
Y AR TFARICS, 365 2 0B P KME S 20 Ytk ks

gﬁzﬁz@z 3 T K B 22 YR T 4 B g A

Figure 4  Joint 2 position evolution curve
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Figure 5 Joint 3 position evolution curve
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