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aggregated subgroups with three

algorithms versus time steps



552 M XU E S T EHAE R L B R S HL AR N - L R ik 41
. 50(10) : 1877-1905.
4 it

ARSCHR T —Fh e T RERR RO AL Y 23 il 0
MR TAUTT I W) R TR S 20 A 89 A R AL PL 48 A
IR AR dHE T B R AR . EEMRYE WO
LR AR B HL AR AN BT T HUR AT BREE F
AR B3R 1 1B S U0 B B 7 i 5 LU, FLA ORCA
LT B IE 1S B A &0 S AU L e, 7R ROS
PSET HEAT O L SR 1 it O s B A v AR
AE, HARHE T BUA B U076 A R 5 00 0 4 3R 4 A
Ty HPR A W B3 R R TN BBl AR AR SCRY
TrEA S RN BT BRI T X 4 R AR
ST, AN BE PR IE 7 2H 5 R I A E 1. R
K A5 T7 1) 2 3 ik 51 A A I 1 AR A 7 vk, AT
FETRIL ST L R L R

S % UK

[1] SHORINWA O, HALSTED T, YU J, et al. Distributed
optimization methods for multi-robot systems: part 2—a
survey [ J ]. IEEE Robotics & Automation Magazine,
2024, 31(3): 154-169.

(2] skJyor, SROCHE, s, B R R B R 1 2 4L

NGB A G (1], AR R AE R (LR,
2022, 43(2): 1-6, 14.
ZHANG F F, ZHANG W L, WANG T T. Research on
multi-robot formation control based on speed compensation
algorithm[ J]. Journal of Zhengzhou University ( Engi-
neering Science) , 2022, 43(2) . 1-6, 14.

[3] ANX, WUC, LINY F, et al. Multi-robot systems and
cooperative object transport; communications, platforms,
and challenges[ J]. IEEE Open Journal of the Computer
Society, 2023, 4. 23-36.

[4] QUERALTA J P, TAIPALMAA J, CAN PULLINEN B,
et al. Collaborative multi-robot search and rescue: plan-
ning, coordination, perception, and active vision [ J].
IEEE Access, 2020, 8. 191617-191643.

[5] DUBEY R, GUPTA S, CHAUDHARY S, et al. Finite-
time convergence of multi-robot segregation using MPC
with aperiodic motion smoothing [ C ] //2024 IEEE 20th
International Conference on Automation Science and Engi-
neering ( CASE ). IEEE, 2024. 2209
-2214.

[6] FERREIRA FILHO E B, PIMENTA L C A. Segregation

Piscataway :

of heterogeneous swarms of robots in curves [ C ] /2020
IEEE International Conference on Robotics and Automa-
tion (ICRA). Piscataway: IEEE, 2020. 7173-7179.
(7] Mgk, #ok, SOLE, % MO IR S 2B 0.
ZHA A AT LR [T]. A S ik2#iR, 2024,

[8]

[9]

[13]

[14]

[15]

[16]

[17]

HAO Z T, GUO B, ZHAO K X, et al. From rule-driven
to collective intelligence emergence: a review of research
on multi-robot air-ground collaboration [ J]. Acta Auto-
matica Sinica, 2024, 50(10) ; 1877-1905.

Femar, M, B, F. ZARKMETEAMA
TN RATIE AR [J]. A AR, 2021,
16(1): 74-82.

HOU Y Q, TAO H, GONG J B, et al. Cooperative path
planning of USV and UAV swarms under multiple con-
straints[ J]. Chinese Journal of Ship Research, 2021, 16
(1) 74-82.

KUMAR M, GARG D P, KUMAR V. Segregation of het-
erogeneous units in a swarm of robotic agents[ J]. TEEE
Transactions on Automatic Control, 2010, 55(3). 743
-748.

SANTOS V G, PIRES A G, ALITAPPEH R J, et al.
Spatial segregative behaviors in robotic swarms using dif-
ferential potentials [ J]. Swarm Intelligence, 2020, 14
(4) . 259-284.

FILHO E B F, PIMENTA L C A. Segregating multiple
groups of heterogeneous units in robot swarms using ab-
stractions[ C] /2015 IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS). Piscataway:
IEEE, 2015. 401-406.

FERREIRA-FILHO E B, PIMENTA L C A. Abstraction
based approach for segregation in heterogeneous robotic
swarms [ J ].

122, 103295.
OMOTUYI O, KUMAR M. Learning decentralized con-

Robotics and Autonomous Systems, 2019,

trollers for segregation of heterogeneous robot swarms with
graph neural networks[ C]//2022 International Conference
Automation and Robotics at Small
Scales (MARSS). Piscataway: IEEE, 2022 1-6.

LIU Z C, WONG W S. Group consensus of linear multia-

on Manipulation,

gent systems under nonnegative directed graphs [ J].
IEEE Transactions on Automatic Control, 2022, 67(11):
6098-6105.

HASSAN K, TAHIR F, REHAN M, et al. On relative-
output feedback approach for group consensus of clusters
of multiagent systems [ J]. IEEE Transactions on Cyber-
netics, 2023, 53(1) . 55-66.

LEI W Y, LIU Z C, LIU J H. Flocking control for multi-
ple subgroups based on multi-hop communication and
connectivity maintenance strategies [ C]//The 14th Asian
Control Conference ( ASCC). Piscataway; IEEE, 2024.
2248-2253.

GROSS R, MAGNENAT S, MONDADA F. Segregation

in swarms of mobile robots based on the Brazil nut effect



42 N K F F W (T %R 2025 4

[ C]//2009 IEEE/RS]J International Conference on Intelli- robotic swarms [ J]. Journal of Computational Science,
gent Robots and Systems. Piscataway:IEEE, 2009. 4349 2019, 31; 86-94.
-4356. [22] MIRJALILI S, MIRJALILI S, LEWIS A. Grey wolf opti-

[18] CHEN J, GAUCI M, PRICE M J, et al. Segregation in mizer[ J]. Advances in Engineering Software, 2014, 69
swarms of e-puck robots based on the Brazil nut effect[ C]// 46-61.

Proceedings of the 11th International Conference on Au- [23] VAN DEN BERG J, GUY S J, LIN M, et al. Reciprocal
tonomous Agents and Multi-Agent Systems. Piscataway: n-body collision avoidance [ C] //The 14th International
IEEE, 2012. 163-170. Symposium ISRR. Berlin: Springer, 2011, 3-19.

[19] JOSHI D, SHIMIZU M, HOSODA K. Segregation and [24] HmE, TMHE, #8517, 5. 5F it KRG LR
flow of modules in a robot swarm utilising the Brazil nut LR sh LI A BRI k()] RS SHM AL,
effect[ C] /2019 TEEE/RS] International Conference on 2024, 43(8): 110-113.

Intelligent Robots and Systems (IROS). Piscataway: GAN F B, WANG Z Y, LIAN Y H, et al. Path planning
IEEE, 2019 4080-4085. method of mobile robot based on improved grey wolf opti-

[20] REZECK P, ASSUNCAO R M, CHAIMOWICZ L. Floc- mization algorithm [ J]. Transducer and Microsystem
king-segregative swarming behaviors using Gibbs random Technologies, 2024, 43(8) . 110-113.
fields[ C ] //2021 IEEE International Conference on Ro- [25] kBRI, EFHIE. KRBT EHITER[T]. HEHL
botics and Automation ( ICRA ). Piscataway: IEEE, B2 2019, 46(3) : 30-38.

2021, 8757-8763. ZHANG X F, WANG X Y. Comprehensive review of grey

[21] INACIO F R, MACHARET D G, CHAIMOWICZ L. wolf optimization algorithm [ J]. Computer Science,
PSO-based strategy for the segregation of heterogeneous 2019, 46(3) . 30-38.

Group Aggregation Method of Mobile Robots Based on Swarm Intelligence
Optimization Algorithm

LIU Zhongchang, LI Guoliang

(College of Marine Electrical Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract; To cope with the issues of low convergence speed and low success rate in the realization of segregating
multiple coupled subgroups, a swarm intelligence optimization inspired method was proposed to provide a decentral-
ized navigation method for the robots. The designed navigation algorithm enabled each robot to utilize information of
the other robots within a limited sensing range, and calculated the preferred navigation speed for its aggregation with
other robots of the same subgroup by following principles of the grey wolf optimization (GWO) algorithm. Based on
the inclination of information sharing among different subgroups, the applicable information for each robot was de-
termined separately for the cases of being cooperative or being independent among different subgroups, so that the
original centralized GWO algorithm could be applied in a decentralized manner. Furthermore, the original GWO al-
gorithm was improved by using a nonlinearly convergence factor which could improved the exploration ability of the
robots. In this way, the chance of encountering with group members for each robot was increased, and eventually
improved the success rate of group aggregation. In order to avoid collisions between robots during the moving
process, in this study the decentralized optimal reciprocal collision avoidance (ORCA) algorithm was used to adjust
the preferred navigation speed of each robot. Simulation results demonstrated the effectiveness of the designed group
aggregation navigation algorithm, showing higher success rates, faster convergence speed, and greater stability com-
pared to an existing particle swarm optimization ( PSO) algorithm-based method.

Keywords: mobile robot swarm; navigation method; group aggregation; GWO algorithm ; limited sensing range





