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Improved subtraction-average-based optimizer algorithm for
mobile robot path planning

Zhang Bingqi Liu Yunping Wang Shuang Cheng Yong

(Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Traditional path planning algorithms have problems such as low efficiency. easy to fall into local optimal
solutions, low convergence accuracy, etc. The subtractive average optimization algorithm has fewer parameters and
simpler principles than other algorithms, but it ignores the influence of optimal values during the search process, which
causes the algorithm to fall into local optimal solutions. Aiming at this problem, this paper proposes a subtractive
average optimization algorithm incorporating multi-strategy improvement for path planning. First of all, Tent chaotic
mapping is used to initialize the search agent population to ensure the diversity of the population; an adaptive guidance
mechanism is introduced to enable the algorithm to adaptively choose a better update method with the number of
iterations; the population update strategy of the sine-cosine algorithm is integrated into the update method of the search
agent, and the good fluctuating and oscillating nature of the sine-cosine algorithm is utilized to balance the global and
local searches of the algorithm and to better ensure the algorithm’s convergence accuracy. Finally, the proposed
algorithm is simulated and tested by choosing seven benchmark test functions and setting different raster map
environments. The results show that the proposed algorithm has better convergence accuracy and speed, and the
performance index of path planning is better and the planning effect is better.
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Table 2 Test results of various algorithms
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Fig. 2 The simulation convergence effect of various

algorithms on benchmark test functions
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Table 3 Simulation results of path planning for various algorithms

Hh B PR 5 & SCA-SABO SABO GWO DBO NGWO ISABO

10510 AR 14.485 3 15. 141 2 17. 414 2 17.414 2 16. 242 6 15. 141 2
P A% 3 5 3 3 5 3

0% 20 B K 28. 627 4 32.142 1 32.142 1 31.556 3 33.213 2 29. 779
EID =R 7 6 9 8 11 9

3030 BRI 43.941 1 50. 970 6 52.041 6 53.556 3 49. 799 47.112 7
E PSRN 4 13 10 16 4 15 14

AT ISABO BB/ T 3. 8% ; [Al B SCA-SABO # 1
BRSBTS SABO S5 BE AR B S B R R 8 .
GWO B2 HECE N 6 4. DBO ¥ M ISABO &
TR RN 9 N NGWO Bkl A h 11
A B G 3 TN 7E 25 Bk AR B S B A 22 R R 1
BT, SCA-SABO Bk 1Y B AR 1 B i R L 3.

TE 30 X 30 RYAIHAS Hb 151 v, A% SCEi#E ) SCA-SABO &
EEACBRARACN Jg 43. 941 1,78 4 FhEE Bk oh o BUE B AS L M
BT SABO By T 13. 8% M T GWO Hikm b 1
15. 6%, AHE F DBO Bk > T 18. 0%, #HE F NGWO
BT 11, 8% BT ISABO B W 4 T 6. 7% ;5 [
B SCA-SABO 55 #4283 B O 13 4~ SABO S35k Bk
B S EER 10 A~ GWO FR ik B4 3 S B0 16 A4
DBO Bk #AA P S50 N 4 4~ 2NGWO B3 fil ISABO &
AR B A B 15 AR 14 A B g A 4 TR,
DBO 57k AR 42 35 s A B i b A AR K o
AT TEM A5 AR R F  SCA-SABO B yEAHE: T HiAb 34 vk
AT o5 R KA H

25 TR @ ad 3 RS [R) M 1 PR X 4% 8wk kAT 4
BZ5 0T LUE R SOl 19 SCA-SABO Bk TE 48 &
PEBE LA E A LR B R R A

4 % it

2 SCHR Y — T 22 S F A O I 0k S 3 A R

B X 7 - 24 O A B3 12 04 e O e I R, 2 L YR D SR WD

A RACHL IR IR R R R BT A B R 5] S

B i 50 R 68 E 18 R 0 R b RO R 4 R A FE S T

25 [ il TE A% %0301k 1 ol 00 T 7 SR, T A 1) T

B4 R AR AR R SR AN T AL R R R S

T UL b ek, 5 7 B S IR, R B T Bk i SCA-

SABO Bk 7E SRS B L W B30 B LR M O T3 A

TEA )RS AR 3th P BR800 L 25 R 3R WD, A SRR TE I 2

R 7 1 B AT A R R A

S % 30k

(1] @&, T, BRAl, %, RTIGE A" BBl
A BRI, HLES A .2018.40(6) :903-910.

ZHAO X, WANG ZH, HUANG CH K, et al. Path
planning for mobile robots based on improved A~
algorithm[J]. Robotics, 2018, 40(6): 903-910.

(2] TreE HA&E, REH. T o# RRT Bk A
B BRI L) ], P24 41,2017 ,45(7) : 1764-1769.
YINGY, ZHOU SH L, WU Q P. UAV trajectory
planning based on improved RRT algorithm[]J]. Acta
Sinica, 2017, 45(7): 1764-1769.

(3]  THerb, =E4k% A, 5. Bk N LRGP
NBER AL, W 2R Tl K3 %4, 2011, 43 (1)
50-55.

YU ZH ZH., YAN J H, ZHAO ], et al. Path
planning of mobile robots with improved artificial

potential field method[ J]. Journal of Harbin Institute

¢« (3 o



5547 % L I A S

of Technology, 2011, 43(1): 50-55. 37(2): 56-65.

[4] POLI R, KENNEDY J, BLACKWELL T. Particle [14] w3k, E1E7Z,F 4 M. T ISABO-IBILSTM % A )
swarm optimization [ ] ]. IEEE, 2007, DOI: 10. 1109/ JT R W A wk[J/OL]. s E ML T2, 1-12[ 2024~
SIS. 2007. 368035. 11-04 . http://kns. cnki. net/kems/detail/42. 1294.

[5] FARIS H, ALJARAH I, AL-BETAR M A, et al. TH. 20240625. 1719. 019. html.
Grey wolf optimizer: A review of recent variants and ZENG H.CAO H J, DONG ] X. Tool wear prediction
applications [ JJ]. Neural Computing & Applications method based on ISABO iBiLSTM model [ J/OL].
30,2018,30: 413-435. China Mechanical Engineering, 1-12 [ 2024-11-04 ].

(6] JmT.oENE.ZHHE.F ET8 A" BRI A http://kns. cnki. net/kcms/detail/42.1294. TH.
PLIEE A2 LRI AT 2T L) ). s 7 I 4 8 R 5 2023, 46 (8) - 20240625. 1719. 019. html.
99-104. [15] M. #TF SABO ff bk VMD-WTD-SVM #& 8 il 7
TANG J N, PENG ZH X, LI M SH, et al. Rescarch BB T AR R[] i B R 5 BLIR . 2024 (7)) 32-
on UAV path planning based on improved A" 39,47.
algorithm [ J]. Electronic Measurement Technology, LU F. Rolling bearing fault diagnosis model based on
2023, 46(8): 99-104. SABO optimized VMD-WTD-SVM [ J]. Manufacturing

[7] ZAsfEdy, T mEEERN B AR Technology and Machine Tool, 2024(7): 32-39,47.
RICT]. AN 70 4 R, 2022,41(6) - 38-44., [16] MIRJALILI S. SCA: A sine cosine algorithm for
LI P Y. Path planning for mobile robots based on solving optimization problems []]. Knowledge-Based
improved genetic algorithm [ J]. Foreign Electronic Systems,2016,96: 120-133.
Measurement Technology, 2022,41(6) . 38-44. [17] @K, A A —4E TR 0 e 5 19 P Ak v fig b B ot L . 3

(8] My SUNAE . IRk, TANLERAE R — Pk 7 3 FHLN RS ,2012,29(3) :913-915.
MKMW E A B [J/OL]. ¥4l TR, 2024, 1-8. & ¥ ZHAO X. Comparative study on optimization
T KA. T AN R — PR 7 K performance of different one-dimensional chaotic
ME A FBELJ/OL]. &6 T 7, 1-8[2024-11-04 ]. mappings[ J]. Computer Application Research, 2012,
https://doi. org/10. 14107/j. cnki. kzgc. 20221058. 29(3): 913-915.
ZHI H Y, JIA X CH, ZHANG X L. UAV path [18] XUE J K, SHEN B. Dung beetle optimizer: a new
planning: A particle swarm optimization and grey wolf meta-heuristic algorithm for global optimization[ ] ].
composite algorithm[J/OLJ. Control Engineering, 1- Supercomput,2023,79.:7305-7336.
8 [ 2024-11-04 ]. https://doi. org/10.14107/j. cnki. [19]  Je3C. Rk, UriM#EZR I IT & GE 7 09 Stk AR L 46 5
kzge. 20221058. L] P 5 358, 2017,32(10) : 1749-1757.

(9] HXK.TWHE.BBE. ERENREEAE =480 LONG W, WU T B. Improved grey wolf optimization
Rrp g F LT 54 T8 ,2022,29(10) : 1800-1809. algorithm  for  coordinating  exploration  and
BAI W J, JIA X CH, LYU T. Application of development capability [ J ]. Control and Decision,
improved sparrow search algorithm in 3D path 2017, 32(10): 1749-1757.
planning[ J ]. Control Engineering, 2022, 29 (10): [20]  F 680, B BB, —Ffo A9 35 42 PR SR 7 08 O P Ak 5
1800-1809. B0, WS ML 52 ,2016,33(12) : 3648-3653.

[10] SONG B Y,WANG Z D,ZOU L. An improved PSO WANG M, TANG M ZH. A novel grey wolf
algorithm for smooth path planning of mobile robots optimization algorithm with nonlinear convergence
using continuous high-degree Bezier curve[ J]. Applied factor [J . Computer Application Research, 2016,
Soft Computing,2021:1568-4946. 33(12): 3648-3653.

[11]  BEFEVE WG KA. 2 Fh e 5E o UV R ff L 38 A B 2 0 [21] ZHAO W G, WANG L Y,ZHANG ZH X. A novel
R ], = TR ,2022,29(8) :1370-1378. atom search optimization for dispersion coefficient
YU F Z, PAN D ZH. Multi swarm firefly algorithm estimation in groundwater [ J]. Future Generation
for solving robot path planning problems[]J]. Control Computer Systems,2019,91:601-610.
Engineering, 2022, 29(8): 1370-1378. 1EZ =N

[12] TROJOVSKY P. DEHGHANI M. Subtraction- SRR AR A AT 5T AR, AR ST U7 MO HLAR N AR AR
average-based optimizer: A new swarm-inspired E-mail: zhangbq1822@163. com
metaheuristic algorithm for solving optimization Xl = F GEEEF) BB AT, WA, 2R
problems[J]. Biomimetics, 2023,8:149. MoHHLES A AR 5B A2

[13] B, E®% . REd .4 & Tk SABO-BP B H E-mail:002105@nuist. edu. cn

o 3 e T [T 1. ) AR HL 07,2024, 37(2) : 56-65.
LYU H, WANG L, ZHU Y ZH, et al.
prediction of power grid based on improved SABO-BP
algorithm [ J J. 2024,

Harmonic

Guangdong Electric Power,

64 -

FI UL O EEBF T [ 9 HLAE AL SE SLAM,

E-mail: w2380694886@163. com

eI I e e b -3 1) Wl TP i NG 52 N

E-mail : 864960479@ qq. com



