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Time Optimal Trajectory Planning of Manipulator Based on Improved Butterfly Algorithm
ZHOU Mingyue,ZHOU Mingwei, LIU Guiqi and CHEN Chao

School of Computer Science and Engineering, Changchun University of Technology,Changchun 130000, China

Abstract Aiming to plan the trajectory of the manipulator,common practice makes the drive device meet the actual load require-
ments, the velocity and acceleration of each joint will be relatively conservative in the selection. As a result, it takes too long to
complete a set of actions,so that the continuity and smoothness of the manipulator based on motion speed and acceleration cannot
be fully exerted. In order to solve the problem of optimal selection of the velocity and acceleration of each joint of the manipula-
tor,a time-optimal trajectory planning method of the manipulator based on the improved butterfly algorithm is proposed. Firstly,
the 3-5-3 polynomial interpolation algorithm is used to construct the motion trajectory of the robotic arm of AUBO-i5 six-degree-
of-freedom manipulator. Then,the butter{ly optimization algorithm introducing Levi flight and sine cosine algorithm is used to op-
timize the time of the motion trajectory, which reduces the running time of the robotic arm on the premise of meeting the work re-
quirements. Simulation results show that,compared to similar algorithms, the improved butterfly algorithm is not easily trapped
in local optimization and has higher optimization accuracy. The improved butterfly algorithm is applied to trajectory planning,and
the run times of the robotic arm is significantly reduced, which can ensure that the robotic arm can the task smoothly complete
and efficiently in actual production.

Keywords Robotic arm, Time optimal trajectory planning,Improved BOA.3-5-3 polynomial
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Fig. 1 Schematic diagram of joints of AUBO-i5 robotic arm
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MFO 3.19Xx10 20 4.55x 1018 6.35X10 19 1.02x1018
% # BOA 2.20%x 107216 6.22X 10 146 3.11x10 147 1.36%x 107146
P BOA 1.02x10 11 1.46 X101 1.25x107 1 4.70X10710
3
WOA 1.27x10* 6.69X10* 3.92X10* 1.53x10*
MFO 1.09x10° 3.51Xx10 6 6.55x10 7 9.45x10 7
# # BOA 1.82x 107112 6.07X10 80 3.04x 1081 1.32x 10780
F BOA 5.64X10 7 7.30X107 6.23x10 7 4.70X 1010
1
WOA 3.34 5.43X 10! 2.41x 10" 1.62>10!
MFO 2.65X107° 3.50 6.18x 10! 9.86x10!
% # BOA 5.32x1079 1.61 1.31x10° ! 3.66x 107!
P BOA 2.89X 10! 2.90x 10! 2.89x 10! 2.83X10 2
’ WOA 2.69x 10! 2.88x10! 2.80x 10! 5.51x10!
MFO 3.61x10 ! 1.21x10% 2.13x 10! 3.19x 10!
#% # BOA 8.81x10718 8.65x10 ¢ 1.24X10 8 2.04x1078
F BOA 4.00 6.66 5.68 6.30x10"!
6
WOA 1.32x10! 1.59 5.08x10 ! 3.57x10 !
MFO 7.31x10 16 3.02x10 28 1.80x10 29 3.16Xx10 13

T 6 A J vk R B, B iE BOA S0 00 T3 b B,
Hohxd T F eR g, ik BOA B9 ¢ 0 (8 1 Hofth 3 b 20 s

BRACME = 100 240 X T F R 80 2ot BOA Bk Ry
B ACME L AL 3 AP A B UM &5 200 2 ECR G X T
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Fig. 4 Function iteration curve of F; —Fg
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Table 4 Interpolated points in the joint space of manipulator
k¥ x 0,0/ 0.5/ 0,4/
1 80 —30 —350
2 —45 —10 10
3 15 100 50
4 110 60 100
5 —60 50 —40
6 80 30 20
5 HUBUE &Y 2R SR
Table 5 Constraints of robot arm joints
KA H EE/C/sTH wEE/C/sTED mmEE/C/sTD
1 100 45 60
2 95 40 60
3 100 75 55
4 150 80 70
5 130 90 75
6 110 80 70

P 5 45 T R IEAT O A0 B AL 5 T (o7 1 | 580 B i
BERZshith e, b, 7/ LA BIHLAE B 1T M R 65,6 4>

SN A £ R BHE 3 N 46, 7°/s.48.4°/5,48.0°/5,73. 9%/ s,
56.9°/s,55. 7°/s, B KM BE 43 Bl 12, 0°/s7, 13, 97/§%,
21.8°/s%,29.3°/s%,28. 5°/s,30°/s* . AT UL, RFEAT AL I HL
B 325 47 34T R A JO S R R G R ST I, B AR A 20 R A 1
B (HHLARE (9 T AR SCR AR Y

150 150

/()
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2 3 4
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2 4
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Running curve of joints of robotic arm

Fig. 5
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Fig. 6 Relation curve between P value and running time of

manipulator
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Fig. 7 Running time optimization curve of manipulator
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Fig. 8 Running curve of joints of robotic arm using improved BOA algorithm
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Table 6 Comparative experimental results of optimization
algorithms
q% et E /s CFHEE/s
#3# BOA 3.84 3.84
BOA 4.18 4.21
PSO 3.94 4.01
GA 3.96 3.96
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T T AU 7R G 23 18] Y T 3-5-3 W 2 A A 1 S VR Y
BT LRI Ty i o R S AR AT FNIE AR SRR A AR

T BCHE T U0 R A R P A A B B 5 DA AR
o5 L LR BV A S OORS BE R B, SE e 5 R AR, gk Y
S8 0 B R LG HL At TR] R B0k B B 1 O L O ELRE
Pl st B R D e LR B I R B R AT 1 A HIL AR
T iz gy I 2 6 L 12 Bl 2 YRR AF BB SE A R M A T PR
BRIz A7) AT E B Mk X A 7 ORI B3R

TEH T ok iy AR b, 32 B AT X HILBURS /Y £ M R AT 5E 1
HEFT S0 HT AR AUBRURE Y 52 R BT 5 L R

2 % X #f

[1] VARSHNEY V,KUMAR A,SAXENA T,et al. Design and de-
velopment of intellectual robotic arm[C] // 2019 6th Interna-
tional Conference on Computing for Sustainable Global Develop-
ment(INDIACom). 2019:984-987.

[2] LIL,SHANG J Y.FENG Y L. Review oftrajectory planning of
articulated industrial robots[ ] ]. Computer Engineering and Ap-
plications,2018,54(5) :36-50.

[3] WEI B,SHU S H, ZHANG Y, et al. Kinematics analysis and
trajectory planning simulation of manipulator based on AUBO-
15[ C] // 2020 4th Annual International Conference on Data
Science and Business Analytics(ICDSBA). 2020.72-75.

[4] YUDHA H M,DEWI T,RISMA P,et al. Arm robot manipulat
or design and control for trajectory tracking;a review[ C]//2018

5th International Conference on Electrical Engineering, Compu-

220900284-7



Com puter Science

HEHES  Vol. 50,No. 11A,Nov. 2023

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

ter Science and Informatics(EECSD). 2018:304-309.

MA C Y,ZHANG Y,CHENG S. Time optimal trajectory plan-
ning based on redundant manipulator[ C] // 2021 6th Interna-
tional Conference on Control. Robotics and Cybernetics, 2021
125-129.

MEI T X, YANG Y,CHEN ] B. et al. Simulation research on
motion trajectory of PUMA 560 manipulator based on MAT-
LAB[ C] // 2019 Chinese Control And Decision Conference
(CCDC). 2019:4857-4862.

SABARIGIRISH S, MIJA S J. Obstacle avoiding trajectory plan-
ning for 5 degree of freedom robot[C]J//2016 IEEE 1st Interna-
tional Conference on Power Electronics, Intelligent Control and
Energy Systems(ICPEICES). 2016:1-5.

FANG S,MA X H,ZHAO Y,et al. Trajectory planning for sev-
en-dof robotic arm based on quintic polynormial[C]//2019 11th
International Conference on Intelligent Human-Machine Sys-
tems and Cybernetics(IHMSC) ,2019:198-201.
PORAWAGAMA C D,MUNASINGHE S R. Reduced jerk joint

space trajectory planning meth-od using 5-3-5

spline for robot
manipulators[ C] // 7th International Conference on Information
and Automation for Sustainability. 2014 :1-6.

WANG T,XIN Z J,MIAO H B, et al. Optimal trajectory plan-
ning of grinding robot based on improved whale optimization al-
gorithm [ J ]. Math-ematical Problems in Engineering, 2020,
2020(4) :1-8.

ZHAO J,ZHU X J,SONG T ]J. Serial manipulator time-jerk op-
timal trajectory planning based on hybrid IWOA-PSO algorithm
[J]. IEEE Access,2022,10:6592-6604.

YU H,MENG Q X,ZHANG J Y.et al. Time-optimal trajectory
planning of robot based on i-mproved adaptive genetic algorithm
[C] // 2018 Chinese Control And Decision Conference. 2018
6397-6402.

WANG W J,TAO Q.,CAO Y T,et al. Robot time-optimal tra-
jectory planning based on improved cuckoo search algorithm[]].
IEEE Access,2020,8:86923-86933.

ARORA S,SINGH 8. Butterfly optimization algorithm:a novel

[16]

[17]

[18]

[19]

[20]

220900284-8

approach for global optimization [ ] ]. Soft Computing, 2019,
23(3):715-734.

ZHENG ] F,ZHAN H W, HUANG W,et al. An overview of
the development of Lévy Flight and the application of intelligent
optimization algorithms [ J]. Computer Science, 2021, 48 (2):
190-206.

GAO W X,LIU S,XIAO Z Y.et al. Butterfly optimization algo-
rithm for global optimization [ ] ]. Computer Application Re-
search,2020,37(10) :2966-2970.

MIRJALILI S,LEWIS A.The whale optimization algorithm
[J]. Advances in Engineering Software,2016,95:51-67.
MIRJALILI S. Moth-flame optimization algorithm: A novel na-
ture-inspired heuristic paradigm[]]. Knowledge-Based Systems.,
2015,89(11):228-249.

GAO M Y,DING P,YANG Y X. Time-optimal traje-ctory plan-
ning of industrial robots based on par-ticle swarm optimization
[C]// 2015 Fifth International Conference on Instrumentation
and Measurement, Computer, Communication and Control (IMC-
CC). 2015:1934-1939.

LI G H,WANG Y L. Industrial robot optimal time trajectory
planning based on genetic algorithm[ C] // 2019 IEEE Interna-
tional Conference on Mechatronics and Automation (ICMA).

2019:136-140.

ZHOU Mingyue,born in 1980, Ph.D, as-
sociate professor. Her main research in-
terests include nonlinear optimization

and wireless communication.

LIU Guiqi, born in 1986, Ph. D. Her
main research interests include wireless

network location technology and so on.



