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An Optimization Method for Trajectory Planning of Manipulator in Packaging
Production Line
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ABSTRACT: The work aims to propose a whale algorithm based on hybrid optimization (MAIWOA) to solve the time
optimal value of the manipulator in the process of two-point movement, so as to improve the movement efficiency of the
manipulator in warechouse storage, packaging and production. Firstly, the initial population was optimized by chaos algo-
rithm; Secondly, a learning mechanism of tick function and bounding contraction was proposed to help the algorithm jump
out of local convergence; Then an improved reverse tree topology was used to improve the diversity of population explo-
ration; The improved convergence factor and adaptive weight mechanism were adopted to balance the global exploration
ability in the early and middle stages and the convergence in the later stage. Results showed that the convergence speed
and accuracy of this algorithm were improved significantly. The algorithm was applied to the optimal solution of joint
motion time of quintic polynomial interpolation, and good results were obtained. The motion time of joints 1, 2 and 3 was
reduced from 20 s to 9.642 5, 9.251 5 and 10.787 s respectively, and the efficiency was increased by 51.79%, 53.74% and
46.07% respectively. It is concluded that applying MAIWOA to the trajectory planning of general manipulator can im-
prove the execution efficiency of manipulator in production line.
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Fig.1 Tree structure information transmission
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Fig.2 Convergence comparison results of 7 algorithms for 9 benchmark functions
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Tab.2 Comparison of benchmark function performance
Function Algorithm Best Worst Mean Std
GWO 1.31x10°% 1.71x107% 5.63x10°8 5.42x10°8
PSO 3.20x107° 0.001 979 3.08x107* 5.96x107*
WOA 2.84x107%¢ 9.48x107"* 1.01x107" 2.98x107"
F1 WOA-1 4.99x1071% 2.92x107%¢ 3.17x107%7 9.17x107%7
WOA-2 0.00 0.00 0.00 0.00
WOA-3 1.04x107% 5.59x107% 5.60x107% 1.77x107%
MAIWOA 0.00 0.00 0.00 0.00
GWO 1.62x107" 1.40x1071° 7.59x107" 3.79x107"
PSO 0.006 889 30.143 90 8.040 700 10.358 50
WOA 2.91x107° 6.60x107>2 1.15x1072 2.09%x1072
F2 WOA-1 6.98x107%! 2.00x107% 3.18x107%¢ 6.66x107%¢
WOA-2 4.27x1072%° 5.36x1071% 5.75x1071° 0.00
WOA-3 4.24x107%7 3.74x107% 3.78x107%° 1.18x107%
MAIWOA 0.00 0.00 0.00 0.00
GWO 6.14x10 ® 0.000 594 7.94x10° 0.000 183
PSO 51.633 80 141.224 7 85.830 80 27.537 40
WOA 26 437.32 59 432.51 41 427.38 10 684.61
F3 WOA-1 2.81x107! 0.666 300 0.108 100 0.221 170
WOA-2 3.39x1073%2 3.23x107%° 4.27x107%! 0.00
WOA-3 4.86x1075¢ 7.21x107% 7.21x107%° 2.28x10%
MAIWOA 0.00 0.00 0.00 0.00
GWO 8.91x10 1.55x107° 4.87x1077 4.24x1077
PSO 0.873 120 1.462 575 1.256 251 0.200 089
WOA 6.071 600 83.644 32 53.622 60 27.729 46
F4 WOA-1 1.26x107%8 2.68x107"° 2.68x107'° 8.46x107'°
WOA-2 1.40x107'%? 2.81x107'7 2.82x107'73 0.00
WOA-3 1.50x107*! 2.79x1073 2.79%x107 8.82x1073*
MAIWOA 0.00 0.00 0.00 0.00
GWO 27.084 1 27.978 20 27.376 50 0.405 700
PSO 26.076 5 99.153 60 69.980 00 22.620 30
WOA 27.495 4 28.769 70 28.009 40 0.494 590
F5 WOA-1 26.328 0 27.164 20 26.737 00 0.262 540
WOA-2 28.400 0 28.787 10 28.692 60 0.139 280
WOA-3 0.0273 1 28.854 00 20.720 70 12.958 10
MAIWOA 1.84x10°° 0.003 300 0.000 450 0.001 020
GWO 0.000 687 0.004 340 0.001 870 0.001 330
PSO 0.057 843 24.242 60 4.418 000 7.391 300
WOA 0.000 773 0.009 620 0.004 250 0.002 730
F6 WOA-1 5.25%107° 0.003 300 0.001 040 0.001 220
WOA-2 5.75x107° 0.000 200 0.000 110 6.56x107°
WOA-3 5.46x107° 0.000 200 7.96x107° 7.94x107°
MAIWOA 3.45%x107° 0.000 340 0.000 130 9.89x107°
GWO 5.68x107 17 7.056 300 1.501 000 2.698 500
PSO 40.049 90 142.392 0 95.323 70 27.775 80
WOA 0.00 134.683 0 13.468 30 42.590 50
F7 WOA-1 0.00 5.68x10° 14 5.68x10°1 1.80x107 1
WOA-2 0.00 0.00 0.00 0.00
WOA-3 0.00 0.00 0.00 0.00
MAIWOA 0.00 0.00 0.00 0.00
GWO 0.018 304 0.089 208 0.048 616 0.023 209
PSO 1.36x1077 7.56x107° 1.42x107° 2.21x107°
WOA 0.006 091 0.060 640 0.021 853 0.017 823
F8 WOA-1 1.01x1078 4.83x1077 1.82x1077 1.35%x1077
WOA-2 0.015 996 0.085 541 0.041 434 0.022 210
WOA-3 1.09%107 0.007 197 0.001 049 0.002 188
MAIWOA 1.13x107! 2.47x1077 3.63x107° 7.51x1078
GWO 0.314 906 1.232 074 0.817 029 0.276 649
PSO 3.06x107° 0.054 793 0.008 831 0.016 953
WOA 0.125 104 0.973 138 0.616 296 0.270 638
F9 WOA-1 5.16x1077 0.011 780 0.002 349 0.004 938
WOA-2 0.303 468 0.805 238 0.463 416 0.138 443
WOA-3 3.73x107° 0.179 453 0.038 712 0.062 170
MAIWOA 4.13%x107" 2.02x1077 5.24x10°% 7.49%x10°%
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Fig.3 Structure diagram of PUMAS560 model of manipulator
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Tab.3 Constraint conditions for joint motion

KRGS MEEC)STT SEREC) s
Joint 1 100 45
Joint 2 95 40
Joint 3 100 75
Joint 4 150 70
Joint 5 130 90
Joint 6 110 80

B MAIWOA, X695 1. 2. 3159
WARAE T Rt 0], DLk 5 B 277 12 shiad K i

RS 2Kl 4 FR o

HE 4 TTLLE S, £ MAIWOA Btk ,
KA 1 BRI 20 s 4iEE] 9.642 5 s, WT
51.79%, bl fa S5k p St iE) (10.188 1 s) b
250.55s; XN 2 imshmtalHy 20 s 45503 9.251 5 s,
W T 53.74%, FCJRBER ARSI TR (9.576 8 s) Uik
/B2y 0.33 s; K7 3 imshitEl 20 s 45553 10.787 s,
WA T 46.07%, HJR SR IELAS ] (10895 s ) K
I 011 s, HFHAEMRSARMEMT, BAIEE%
KRN s st &, MEE . Ak ARk
HBEE MR, BeAT RAS o UF A G S A BBk AT A AL
iy X P R 0 5 R R R AT LA, AT GWO .,
PSO. WOA &, MAIWOA B 7K il H A% oh %K
e A IA) AT B G o ) 3SR

x4 FXTVHERAEE
Tab.4 Angle value of middle point of each joint

FAi g Point 1/(°) Point 2/(°) Point 3/(°) Point 4/(°) Point 5/(°) Point 6/(°)
Joint 1 10 75 130 100 -10 -50
Joint 2 15 25 ~45 ~70 -10 10
Joint 3 45 120 15 -10 100 50
Joint 4 5 60 110 20 60 ~100
Joint 5 10 30 -60 10 50 ~40
Joint 6 6 40 80 -10 30 20
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Fig.4 Joint velocity, acceleration curve and algorithm convergence curve
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