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Multi-robot collaborative path planning algorithm for
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Abstract: To solve the problems of traditional multi-robot path planning algorithms dealing with a single form of task and large non-
essential loss, this article proposes a multi-group many-to-one task processing mode of cooperative dynamic priority safe interval path
planning algorithm ( Co-DPSIPP). Firstly, the algorithm utilizes the simulated annealing and diffusion search to determine the task
handover point of each group of robots with the objective of minimizing the total path length. Then, the improved safe interval path
planning algorithm is used to carry out the segmented path planning for all the robots. Furthermore, to deal with the problem that some
irrational task handover points may cause regional congestion and lead to solution failure, a cluster prioritization and intermediate point
dynamic adjustment planning strategy is designed. Finally, the test results on four benchmark maps show that, compared with the
cooperative conflict-based search algorithm ( Co-CBS) , the proposed algorithm can improve the solution success rate by 73% on average,
and reduce the running time and total path length by 56% and 5% on average, respectively. The experimental results show that the
proposed algorithm provides a more flexible and scalable solution for the collaborative path planning problem of multi-robot in multi-group
many-to-one task scenarios.
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(b) Path planning for single collaborative group robots
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Fig. 1 Diagram of multi-robot collaborative path planning
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Fig. 6  Solution success rates of three algorithms in 1-to—1 collaboration
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Table 1 Quality comparison of three algorithmic path solutions in 1-to—1 collaboration

- N B T K 5E T/ 4 RLB AT ]/ FD
Y group
Wd-SIPP ~ Co-CBS Co-DPSIPP  Wd-SIPP  Co-CBS Co-DPSIPP  Wd-SIPP  Co-CBS  Co-DPSIPP
den312d 5 737.8 737.5 663.9 147.2 147.8 153.0 0.85 41.43 0. 64
5 460. 2 449. 1 412.3 89.2 94. 8 0.40 7.04 0.32
10 940. 2 904. 6 834.2 100. 4 100.3 106. 1 0.74 15. 06 0.63
empty-48-48
15 1425.2 1 366.5 1267.2 111.9 111.9 115.2 1.27 57.25 0.98
20 1725.3 1661.4 1575.4 99.4 99.0 114.3 1.52 47.75 1.71
maze-32-32-4 5 595.1 562. 66 554.7 126.6 126.2 143.2 0.49 42.85 0.37
5 1134.7 1116.3 1041.3 213.2 213.3 224.6 1.36 54.74 0.99
warehouse-10-
10 2 336.2 2 198.6 2105.5 237.5 237.8 247.6 2.74 108. 78 1.82
20-10-2-1
15 3334.5 3154.2 3128.2 229.7 228.2 249.5 4.27 154. 39 3.33
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Fig. 7  Solution success rates of three algorithms in 9—to—1 collaboration
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Table 2 Comparing the quality of two algorithmic path solutions in a 9—to—1 collaboration

- N AR/ A HRARSE TNl 2 FRIBATI /s
Wd-SIPP Co-DPSIPP Wd-SIPP Co-DPSIPP Wd-SIPP Co-DPSIPP
5 2032.2 1781.3 182.4 207.9 1. 96 1.42
10 3125.6 2 689.8 201.2 221.2 3.64 4.83
den312d 15 4172.2 3669.8 206. 5 232.3 5.83 5.88
20 5189.3 4585.8 207.3 236.8 7.83 15.97
25 6233.1 5567.5 210.1 246.7 10. 31 19. 40
5 1200.5 1 046.1 109.1 121. 4 0.85 0.58
10 1814.6 1593.2 113.5 128.8 1.38 0.92
empty-48-48 15 2422.2 2138.2 119.2 134.9 1.99 1.33
20 3024.3 2704.5 121. 6 137.7 3.04 1.74
25 3631.8 3249.9 124.5 143.7 3.93 2.24
5 1 568.6 1411.3 171.5 196. 2 1.23 3.33
10 2339.4 2 106. 6 190. 6 206. 8 2.17 5.88
maze-32-32-4 15 3154.1 2851.1 203.2 222.6 3.42 13.41
20 3905.3 3629.7 208.9 245.6 5.09 28. 63
25 4 693 4499.7 222.4 263.2 8. 04 35. 84
5 2 838.5 2562.4 279.1 315. 1 2.53 1.89
10 4327.3 3936.8 294.3 324.6 4. 64 2.88
warehouse-10-
20-10.2-1 15 6 062.9 5652.2 310.4 340.3 7.22 4.32
20 7 770. 1 7 281.9 326.4 352.5 11.68 5.75
25 9 606. 6 8878.7 333.7 411.2 14. 09 8. 04

R3 EHEM 2-to-1 PMEREMX P ZR BN REHSHNREALE

Table 3 Multi-robot positions corresponding to each time step in simple 2—to—1 collaborative path planning

0~2 4 3~54# 6~8 # 9~11 12~14 4

Y P

Fl.l I.a Fl.l -'I:J El ~ l-jl




9

BRI 2 . 1 7] 2 B — {155 3 H ) Z HLas A BB AR LI 30k 247

4 #

158 Z2HLas N B A LR 3512 )G SR P IC ¥ A 55
B, HIs g N THE SR A IR E A 2 H
PR AR, SR, Z2 AL P 58 1S 24T 55 0 i A Ll
[P 0 ) 2% ¢ B Ay ] 4, AN ASCEE S B Z2 AL s N T) Y P[]
b, I ER MR N 7 B 2 AT 55 1 s ) TG e
AT . ASCITUB I8 IR K 557 ok PHUR AT
G5 ACHE L AROSD T R RS L BRI TR AR
WA 5 T S A A LA LE KA 1) 5 A% ) R, AR SR
BT I T RO e G 8 5 b a) s 3h 28 AL 0K
W AR T R SR AR R

DB R, AR SCHE ) Co-DPSIPP Sk AL T
Wd-SIPP 53, % 42 K B B R0k 2D 6. 8% , i v ik
12.2% . FE 555 Co-CBS YN o1, Co-DPSIPP 5K
it AL R e = AT HE T 89. 6% , ISR BME L KU B J2: Co-
CBS BHIL Y 5 A5 LA L, LA, Co-DPSIPP 33 L 7K fiff i
(8] 1AL T Co-CBS AR, HLAE 42 A B L] S8
ik 10% AL, X — RIS RIS UM T Co-
DPSIPP S M5 T Wd-SIPP #ll Co-CBS 778 400% | 1%
DA B SR AR RE Ty F A 35 U0 3, BE o v R U 552 m] 45
BT % LIRSS R R, CoCube HLAF A
T LA BRAS SO S A 0 B A2 O IR 3T, 36 1%
BESAR IR T 2 BT AT E
5% 3k
[1] KUDO F, CAI K. A TSP-based online algorithm for
multi-task multi-agent pickup and delivery [ J]. IEEE
Robotics and Automation Letters, 2023, 8 (9): 5910-
5917.

STERN R, STURTEVANT N R, FELNER A, et al.
Multi-agent
benchmarks [ C ].
Symposium on Combinatorial Search, 2019, 10(1) ; 151-
158.

CHEN X, LI'YJ, LIULT. A coordinated path planning

algorithm for multi-robot in intelligent warehouse [ C ].

(2]

pathfinding: Definitions, variants, and

Proceedings of the International

(3]

International Conference on Robotics and Biomimetics,
2019 2945-2950.
ZHANG ZH, CHEN J, ZHAO W B. Multi-AGV route

planning in automated warehouse

[4]
system based on
shortest-time Q-learning algorithm[ J]. Asian Journal of
Control, 2024, 26(2) : 683-702.

DAI L L, WANG H G, PAN Q K. An effective multi-

objective evolutionary algorithm based on decomposition

[5]

for a robot rescue path planning problem[ C]. 2022 41st
Chinese Control Conference (CCC), 2022. 2065-2070.

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ZHANG J, HE Y, PENG Y N, et al. Cooperative path
planning for adversarial target based on neural network
and artificial potential field [ C]. 2018 IEEE CSAA

Guidance,  Navigation and  Control  Conference
(CGNCC), 2018 1-5.

DRESNER K, STONE P. A multiagent approach to
autonomous intersection management [ J ].
Artificial Intelligence Research, 2008, 31. 591-656.
KL, BRI, mIRLL,SE. BE TR IR
1 B-IHCA " Z L8 AR MBI [T]. Ak
Ht, 2023, 49(7) . 1483-1497.

ZHANG K X, MAO J L, XIANG F H, et al. B-IHCA~

multi robot path planning algorithm based on bargaining

Journal of

game mechanism [ J ]. Journal of Automation, 2023,
49 (7). 1483-1497.

SHARON G, STERN R, FELNER A, et al. Conflict-
based search for optimal multi-agent pathfinding [ J].
Artificial Intelligence, 2015, 219. 40-66.

TE%oe ATy AR, BT B AL i X
Bl NP F R AR AR [ )] Hhpg BROBER 2% 24k ( FARFE
2FRR) , 2023, 42(5) ; 650-657.

WANG F R, DU L, XU G H. Distributed multi robot
collaborative path planning based on improved ant colony
algorithm [ J ].
Nationalities ( Natural Science Edition) , 2023, 42 (5) .
650-657.

TAI L, PAOLO G, LIU M. Virtual-to-real deep

reinforcement learning

Journal of Central South University for

Continuous control of mobile
2017 IEEE/RSJ
Robots and

robots for mapless navigation [ C ].
International  Conference on
Systems (IROS), 2017, 31-36.
PHILLIPS M, LIKHACHEV M. Sipp: Safe interval path
2011 TEEE
International Conference on Robotics and Automation,
2011, 5628-5635.

YAKOVLEV K, ANDREYCHUK A. Any-angle path-

finding for multiple agents based on SIPP algorithm[ C].

Intelligent

planning for dynamic environments [ C J.

Proceedings of the International Conference on Automated
Planning and Scheduling, 2017, 27. 586-594.
YAKOVLEV K, ANDREYCHUK A, STERN R.
Revisiting bounded-suboptimal safe interval path plann-
ing[ C]. Proceedings of the International Conference on
Automated Planning and Scheduling, 2020, 30. 300-
304.

BARER M, SHARON G, STERN R, et al. Suboptimal
variants of the conflict-based search algorithm for the
multi-agent pathfinding problem[ C]. Proceedings of the

International Symposium on Combinatorial Search, 2014,



248

O % 2 i

a5k

[16]

[17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

5(1): 19-27.

MA H, HONIG W, KUMAR T K S, et al. Lifelong path
planning with kinematic constraints for multi-agent pickup
and delivery [ C]. Proceedings of the AAAI Conference
on Artifificial Intelligence, 2019, 33(1) . 7651-7658.
LIUM H, MAH, LI]JY, etal. Task and path planning
for multi-agent pickup and delivery[ C]. Proceedings of
the International Joint Conference on Autonomous Agents
and Multiagent Systems, 2019 1152-1160.

YAKOVLEV K, ANDREYCHUK A, VOROBYEV V.
Prioritized multiagent path fifinding for differential drive
robots [ C .
2019 1-6.
RATHI A M, ROHITH G, VADALI M. Prioritized path
planning of multiple autonomous vehicles in urban
of the 2021 5th
International Conference on Advances in Robotics, 2021 ;
1-6.

GRESHLER N, GORDON O, SALZMAN O, et al.

Cooperative multi-agent

European Conference on Mobile Robots,

environments [ C ]. Proceedings

path finding: Beyond path

planning and collision avoidance[ C]. 2021 International
Symposium on Multi-Robot and Multi-Agent Systems
(MRS), 2021 20-28.

SURYNEK P, FELNER A, STERN R,

empirical comparison of the hardness of multi-agent path

et al. An

finding under the makespan and the sum of costs
objectives [ C ]. International
Symposium on Combinatorial Search, 2016, 7(1) . 145-
146.

MA H, WAGNER G, FELNER A, et al. Multi-agent
path finding with deadlines[ C]. 27th International Joint
Conference on Artificial Intelligence, 1JCAI 2018, 2018
417-423.

DAS S K, ROY S K, WEBER G W. An exact and a

heuristic approach for the transportation-p-facility location

Proceedings of the

problem[ J]. Computational Management Science, 2020,
17(3) : 389-407.
ANDREYCHUK A, YAKOVLEV K. Two techniques that

enhance the performance of multi-robot prioritized path

planning [ C ]. Proceedings of the 17th International

Conference on Autonomous

Systems, 2018; 2177-2179.
fEE BT

Agents and MultiAgent

SUBE, 1997 4FF R WIBL T R-# 3R 15%
F2#A07, 2000 AT B BT RS AR A 122
37,2007 45 F - 15 580 R A2 AR A 1 2 i
LA B W B TR 3, 2 BRS¢ 07 1) S i
15 P28 B I Be-5 RS AL | 19 265 A ol 2%
GEWTIT B BRI MO R A
E-mail ; 1318524654@ qq. com

Mao Jianlin received her B.Sc. degree from Kunming
University of Science and Technology in 1997, M. Sc. degree
from Kunming University of Science and Technology in 2000, and
Ph. D. degree from Shanghai Jiaotong University in 2007. She is
currently a professor at Kunming University of Science and
Technology. Her main research interests include communication
network resource allocation and protocol optimization, networked
control system research, intelligent optimization and scheduling
algorithms, et al.

BRI (Gl R 1) 2022 4R FARR R
R ARG 2 2, By B W P K 2 A
\ p LARFEA, FEEFE DT R 2 HLas A A

= A,

E-mail ; 3224528984@ qq. com

He Zhigang ( Corresponding author )
received his B. Sc. degree from East China Jiaotong University in
2022. He is currently a master student at Kunming University of

Science and Technology. His main research interest is multi-robot

path planning.

KA, 2018 4F T UK 3T o
37, Iy B WY B TR 2 i 3 14 L A Y
CoE S 3 I DIPSE R NS o
A,
E-mail; 20233103006@ stu. kust. edu. cn
Zhang Shufan received his B. Sc. degree
from Zhejiang University in 2018. He is currently a Ph. D.
student at Kunming University of Science and Technology. His

main research interest is multi-robot robust path planning.



