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Goal allocation and cooperative path finding for multiple UGVs

Gu Yitian"? ,Zhang Tao'*,Zhang Liang'*, Yang Taihong'

(1. School of Instrument Science & Engineering, Southeast University, Nanjing 210096, China; 2. Key Laboratory
of Micro-inertial Instrument and Advanced Navigation Technology of Ministry of Education ,Nanjing 210096, China)

Abstract: Aiming at the shortcomings of MAPF in the scenarios of anonymous cooperative path finding for multiple carlike robots,
including long path and poor efficiency, a cooperative goal allocation and path finding algorithm for multiple unmanned ground vehicles,
Nutcracker-CBS, is proposed. Firstly, a tightly coupled MAPF framework with goal allocation is constructed to optimize goal allocation
and path finding jointly. In goal allocation module, an improved nutcracker optimization algorithm is proposed to solve goal allocation
incrementally, which can shorten the duration of the module. In path finding module, an improved MAPF algorithm is proposed with
traceback constraint construction mechanism, bypass mechanism for the length estimation of collision-free path, and low-level path
planning mechanism for data sharing, to enhance efficiency and quality of path finding. In benchmark experiments, time cost of
Nuteracker-CBS is reduced by 90. 37% compared to SOTA algorithm. Time consumption of goal allocation module is reduced by 86. 76%
compared to the original algorithm. MAPF module completes the path construction of 100 unmanned ground vehicles within 6 seconds,
with the reduction of average path length by 6. 058% . Filed test shows that the total path length is reduced by 55. 26% and the total time
consumption of the system is reduced by 61.29% , which boost the efficiency of multi-robot system and decrease path length.
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Fig. 1 Nutcracker-CBS components
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1: p=emptyNode( ) //%5 455

2. E=EuclideanDis( goal, pos) //FR [CHE B A4 A48 50 14

3: p. Ta=NOA_Allocation(E) //4f 2 & A5 5 20 B i b

4: p. agentOrder=OrderList(0, 1, agentN) //BAEH 8T
5: For a in p. agentOrder

6 PathPlanning( Env, goal, pos, E, p, a) //3.2,3.3 717
Ji%J2 B AR LA

7. EndFor

8: p. Sc=sumOfCosts(p) //FEEATH LI
9. Forest. insert(p) //2H—HRH AUAR 45 5
10; While not Forest. empty ()

11. p=Forest. top( ) ; Forest. pop( ) //BUHIBRFFMAL
i/ NaE L

12. E=UpdateE(E, p. Ps) //H34E B4 o5 S8 3 70 B4
13 Ta=NOA_Allocation(E) //# 2 % H bz s 43 LR Hk
14, flagl =FindConflict(p. Ps) ; flag2=(Ta | =p.Ta)

15, If (! flagl && ! flag2)

16: return p // BEAAEAESE , B s AL TC T AL
17. EndIf

18 If(flagl) //BERAFAE PR

19. plist = ConstructConstraints ( p. Ps) //3.1 K
5324

20, For subp in plist //i [ 53 24 H 2 T T4 55
21, For a in subp. agentOrder

22, PathPlanning ( Env, goal, pos, E,
subp, a)//3.2,3.3 71

23. EndFor

24. subp. Sc=sumOfCosts(subp) // AL LA
25. Forest. push(subp) //F45 SN AIE R
26 EndFor

27. EndIf

28. If(flag2) // BARESTEAREFE

29. p=emptyNode () //#i4Hi

30. p. Ta=Ta // B H R 0
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31. p. agentOrder = OrderList (0, 1, agentN) //#1%
N

32, For a in p. agentOrder

33, PathPlanning ( Env, goal, pos, E, p, a) //
3.2,3.371

34. EndFor

35. p- Sc=sumOfCosts(p) // AR B

36. Forest. insert (p) //H# BUAR Y 55

37. EndIf

38: EndWhile
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Fig.2 Cardinal conflict and semi-cardinal conflict
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