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An Improved Cat Swarm Optimization for Heterogeneous Multiple Mobile Robots

Abstract

Abstract: At present, it is difficult to achieve the real homogeneity of the members of the multiple mobile
robots. The existing swarm intelligence algorithm is also difficult to accommodate the heterogeneity of
the team. Focusing on the heterogeneous cooperation of multiple mobile robots, the concept of mother
and child robots is proposed. In order to realize the application of swarm intelligence algorithm in
heterogeneous multiple mobile robots, the basic cat swarm algorithm is improved. The subdomain and
neighborhood of cat swarm are defined, and eight improvements of cat swarm algorithm are proposed,
including priority of search direction, extended trajectory tracking of robot, attraction of search space and
candidate search area. The experimental results show that the concept of mother-child robot can realize
the target search of heterogeneous multiple mobile robots, and can contain the heterogeneity of team
members and verify the applicability and effectiveness of the improved cat swarm algorithm.
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Abstract: At present, it is difficult to achieve the real homogeneity of the members of the multiple
mobile robots. The existing swarm intelligence algorithm is also difficult to accommodate the
heterogeneity of the team. Focusing on the heterogeneous cooperation of multiple mobile robots, the
concept of mother and child robots is proposed. In order to realize the application of swarm intelligence
algorithm in heterogeneous multiple mobile robots, the basic cat swarm algorithm is improved. The sub-
domain and neighborhood of cat swarm are defined, and eight improvements of cat swarm algorithm are
proposed, including priority of search direction, extended trajectory tracking of robot, attraction of
search space and candidate search area. The experimental results show that the concept of mother-child
robot can realize the target search of heterogeneous multiple mobile robots, and can contain the
heterogeneity of team members and verify the applicability and effectiveness of the improved cat swarm
algorithm.
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Fig. 4 Positioning probability of the Himmelblau function
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®1 M HCFI-CF6
Table 1 Test function of CF1-CF6
Name Definition Global Minimum X*
CF1 fx)= i}x? X'=(0.+-,0)
CF2 f(X)=—20exp (—0.2 [1/D ixf —exp(1/D icos(%txi) +20+exp(l) X"=(0,--,0)
i=1 i=1
D-1
CF3 SX)= 3 100G, ~x2 ) +(x,~ P ] X =)
i=1 ,
CF4 F(X)=10D+ >[x7 =10 x cos(2mx, )] X =(0,---,0)
i=1
D-1
CF5 f(X)=sin®(x; )+ Z[(w,— 1> (1 + 10 x sin® (mw, + D)] +(w,,+ D)*[1 +sin® 2aw,,)] X =(, 1)
w=1+(x,—1/4,i=1,---.d
D D
CF6 FXO= D=1 = Dxx,, X =iD+1-i)i=1,---D
i=1 i=2
%2 BBEBLVETE CF1~CF6 MIRE: LI 5 o DA 49 ok 22
Table 2 Min, median, mean and std of all recorded at the CF1-CF6 of other CSO
CF1 CF2 CF3 CF4 CF5 CF6
CSO 1.554 6x10™" 1.8758 1.594 9x10°° 1.831 7x10° 1.812 3x10? 4.286 4x10°
M SCSO 1.498 8x107* 1.3733 6.113 5x107° 1.622 8x10? 1.850 3x10* 1.357 0x10*
MCSO 1.1827x10™°  7.539 5x107" 1.600 5x10 1.780 9x10 9.323 3x10™* 7.476 5x10°
A3 CSO 0 4.340 9x107'¢ 1.817 7x10™* 8.138 7x10 9.403 3x10™* 3.137 3x10™"
CSO 1.835 7x107 4.1379 2.278 7x10' 4.118 1x10? 1.438 1x10° 5.053 9x10°
‘ SCSO 4.518 4x1077 34375 1.961 1x10' 4.337 2x10° 5.941 6x10° 1.467 0x10*
A MCSO 1.348 5x107" 1.475 5107 2.919 5x10' 3.870 3x10" 9.323 3x10°* 7.057 9x10°
AL CSO 0 1.5015 2.0816 1.323 2x10° 1.110 7x10 2.102 9x10°
CSO 1.402 4x10™ 53364 5.639 8x10' 4.971 0x10° 2.130 0x10° 5.264 9x10°
Wit SCSO 9.157 3x10™ 4.524 1 4.037 0x10° 5.439 5x107 6.304 3x10° 1.437 0x10*
MCSO 2.588 3x107'¥ 3.4775 1.417 9x10* 4.121 5x10" 2.101 4x10™* 8.507 8x10°
AL CSO  9.4453x107'% 1.687 5 5.6314 1.417 1x10° 2.527 7x10' 2.324 5x10°
CSO 1.028 5x10™ 4.1354 1.221 8x10? 2.710 3x10? 2.154 9x10° 8.475 2x10?
o SCSO 6.544 7x107% 4.128 0 2.858 5x10* 3.513 3x10° 4.316 4x10° 3.472 3x107
btz MCSO 1.548 7x107 6.455 1 4.873 1x10* 1.778 8x10' 2.431 0x10°* 7.043 5x10°
AL CSO  2.888 1x107"° 7.690 8x10°"' 5.688 3 3.010 4x10' 3.666 6x10' 3.021 5x10°
5 Z£ BREZHEZSH, XU LIERRTE BN

AR SRR 2R BHLAE N, S BT LAY
BT bR D T 45 R S T RN T S

N
[ETF

(LI AFSIVE 2L AIIE ok G

S S5 RFT R, B S5 2 B sh L as A\ T
TN ELS AT 2 A R A AR AR B A 42 R AEL

SO A A Bt AT DLSE BRI 100% 1) H AR E Az o
AN CAM R SR AR b, St R R R ST AR AL B
[FI LA 1] R H AR R, I 1 58t i P g

M FL AT R 2 B B HLEE N H AR
e T AN LR 51T, OV RRERINL
e NHOREPESC DL SR oAt it s A SR

http: // www.china-simulation.com

* 1966

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 8, Art. 18

%536 B4 8 I Vol. 36 No. 8
2024 4 8 A RERE, S R0 R SR 2 RS BB N I S A R S Aug. 2024
ke, [6] Brian Lee K M, Kong F, Cannizzaro R, et al. An Upper

MRFEB S LR G, 19 RALE Sk
AR o B BT LA RS SR T LA
AL IRE R TN, S 2 AR E . R4S
REE A EE BAR R TSN, BENA
1 S HH 45 J5 SRAITF 5T DA SO TH 1 T e

SIS i 2 T e = Qi = B AS S P
B 25 LR A IR o e 7 T 2R L B s R
RN A GENEEY R SR AEMN,
A DL R A M MR A R B S L T PSO,
SOA 51T Z ¥ o HESLBR N I, W& 25
O e PR, 4 Kalman JE ¢ . FIR JE U% .
Bessel JE % « ElliPse J8 % %5 . HIVELE =405
J&, aSeEINLES AR B AR KR, 8 AR AT A A
ARk, 1T DAE R ARG Lin S R B
sA 2 ST H AR R .

S 3CHR -

[1] BREE, 250, H55. 2T 5 Pl A5 B R 1 #2 sl bl

BNFEDEM S EN. B AR S TR, 2018, 18
(13): 86-91.
Chen Chao, Li Qiang, Yan Qing. Mobile Robot
Simulataneous Localization and Mapping Based on
Heterogeneous Sensor Information Fusion[J]. Science
Technology and Engineering, 2018, 18(13): 86-91.

(2] Rk, ¥hbr. iz R pAe s 5 SRl & R sh bl 4
N A EAL[T]. FE B 5 R, 2008, 25(5): 883-886.
Chen Shaobin, Jiang Jingping. Self-localization of the
Mobile Robot Utilizing the Heterogeneous Sensor
Information Fusion[J]. Control Theory & Applications,
2008, 25(5): 883-886.

[3] Guilherme Carlos R de Oliveira, Kevin B de Carvalho,
Alexandre S Branddo. A Hybrid Path-planning Strategy
for Mobile Robots with Limited Sensor Capabilities[J].
Sensors, 2019, 19(5): 1049.

[4] Lin H'Y, Huang Yichun. Collaborative Complete Coverage
and Path Planning for Multi-robot Exploration[J]. Sensors,
2021, 21(11): 3709.

[5] Wei Yongyong, Zheng Rong. Multi-robot Path Planning
for Mobile Sensing Through Deep Reinforcement
Learning[C]/IEEE INFOCOM 2021-IEEE Conference
on Computer Communications. Piscataway: IEEE, 2021:
1-10.

Confidence Bound for Simultaneous Exploration and
Exploitation in Heterogeneous Multi-robot Systems[C]//
2021 IEEE International Conference on Robotics and
Automation (ICRA). Piscataway: IEEE, 2021: 8685-
8691.

[7]1 Bae J, Park M. A Heuristic for Efficient Coordination of
Multiple Heterogeneous Mobile Robots Considering
Workload Balance[J]. IEEE Robotics and Automation
Letters, 2021, 6(2): 4064-4070.

[8] Patil A, Bae J, Park M. An Algorithm for Task Allocation
and Planning for a Heterogeneous Multi-robot System to
Minimize the Last Task Completion Time[J]. Sensors,
2022, 22(15): 5637.

[91 Wu Guohua, Rammohan Mallipeddi, Suganthan P N.
Ensemble Strategies for Population-based Optimization
Algorithms—A  Survey[J]. Swarm and Evolutionary
Computation, 2018, 44: 695-711.

[10] Ouvarda Zedadra, Antonio Guerrieri, Nicolas Jouandeau,
et al. Swarm Intelligence-based Algorithms Within IoT-
based Systems: A Review[J]. Journal of Parallel and
Distributed Computing, 2018, 122: 173-187.

[11] Iztok Fister, Andres Iglesias, Akemi Galvez, et al.
Novelty Search for Global Optimization[J]. Applied
Mathematics and Computation, 2019, 347: 865-881.

[12] Mirjalili S, Lewis A. The Whale Optimization Algorithm
[J]. Advances in Engineering Software, 2016, 95: 51-67.

[13] Asli  Agirbas. Fagade Form-finding with Swarm
Intelligence[J]. Automation in Construction, 2019, 99:
140-151.

[14] Prabhat R Singh, Mohamed Abd Elaziz, Xiong Shengwu.
Modified Spider Monkey Optimization Based on Nelder-
mead Method for Global Optimization[J]. Expert
Systems with Applications, 2018, 110: 264-289.

[15] Kavita Singh, Shyam Sundar. Artifical Bee Colony
Algorithm  Using  Problem-specific =~ Neighborhood
Strategies for the Tree T-spanner Problem[J]. Applied
Soft Computing, 2018, 62: 110-118.

[16] Krishnanand K N, Ghose D. Detection of Multiple
Source Locations Using a Glowworm Metaphor with
Applications to Collective Robotics[C]//Proceedings
2005 IEEE Swarm Intelligence Symposium. Piscataway:
IEEE, 2005: 84-91.

(17] ZFE 5= RBEEFEPT LS MAI[D]. M & REH TR

*%,2016.
Li Guoliang. Research and Application of Wolf Colony
Algorithm[D]. Nanchang: East China University of
Technology, 2016.

[18] Vaishak N L, Shilpa B. A Review of Swarm Robotics: A

http: // www.china-simulation.com

* 1967 »

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/18
DOI: 10.16182/j.issn1004731x.joss.23-0783

10



Kang et al.: An Improved Cat Swarm Optimization for Heterogeneous Multiple Mob

%36 %5 8 1) ARG AR Vol. 36 No. 8
2024 48 H Journal of System Simulation Aug. 2024
Different Approach to Service Robot[J]. International [23] Maysam  Orouskhani, = Mohammad  Teshnehlab,

Journal of Science, Engineering and Technology
Research, 2013, 2(8): 1560-1565.

[19] Meysam Orouskhani, Yasin Orouskhani, Mohammad
Mansouri, et al. A Novel Cat Swarm Optimization
Algorithm for Unconstrained Optimization Problems[J].
International Journal of Information Technology and
Computer Science, 2013, 5(11): 32-41.

[20] Tsai P W, Pan J S, Chen S M, et al. Parallel Cat Swarm
Optimization[C]//2008 International ~Conference on
Machine Learning and Cybernetics. Piscataway: IEEE,
2008: 3328-3333.

[21] 26, AP 8T, TR, S5, B TR0 SRS B I
EWE R FIAD] DER R R, 2020, 41(1): 185-194.
Li Ang, Fu Jingqi, Shen Huaming, et al. Indoor
Positioning Algorithm Based on Fuzzy Clustering and
Cat Swarm Optimization[J]. Chinese Journal of
Scientific Instrument, 2020, 41(1): 185-194.

[22] Ali Hussein Khala, Hazem M El-Bakry, Sahar Fawzy
Sabbeh. University Courses Scheduling Using Cat
Swarm Optimization Algorithm[J]. International Journal
of Advanced Research in Computer Science &
Technology, 2016, 4(1): 18-23.

Mohammad Ali Nekoui. Integration of Cat Swarm
Optimization and Borda Ranking Method for Solving
Dynamic Multi-objective  Problems[J]. International
Journal of Computational Intelligence and Applications,
2016, 15(3): 1650014.

[24] Pettersson L M, Durand D, Johannessen O M, et al.
Monitoring of Harmful Algal Blooms: [R]. London:
Praxis Publishing, 2012.

[25] Chu Shuchuan, Tsai P W, Pan J S. Cat Swarm
Optimization[C]//PRICAI 2006: Trends in Artificial
Intelligence. Berlin: Springer Berlin Heidelberg, 2006:
854-858.

[26] Amir Seyyedabbasi, Farzad Kiani. Sand Cat Swarm
Optimization: A Nature-inspired Algorithm to Solve
Global Optimization Problems[J]. Engineering with
Computers, 2023, 39(4): 2627-2651.

[27] Guo Lei, Meng Zhuo, Sun Yize, et al. A Modified Cat
Swarm Optimization Based Maximum Power Point
Tracking Method for Photovoltaic System Under
Partially Shaded Condition[J]. Energy, 2018, 144:
501-514.

http: // www.china-simulation.com

* 1968

Published by Journal of System Simulation, 2024

1



	An Improved Cat Swarm Optimization for Heterogeneous Multiple Mobile Robots
	An Improved Cat Swarm Optimization for Heterogeneous Multiple Mobile Robots
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/BVNAPmTsm2/tmp.1728456843.pdf.cGyWA

