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XOET S ERBX 8 %M EAMESE» B F & (Multi-robot Task Assignment Based on Multi-level Graph Partitioning.,
TAMP) , 3% 7 & 04— A MALIE S 4 B Sh kAo — AP M 042 5o B ok . MALAE 54 B ST ik R A & Bt od 7 ok, 38 3 B W A1
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TAMP: A Hierarchical Multi-robot Task Assignment Method for Area Coverage
AN Haojia' , SHI Dianxi'**,LI lin' ,SUN Yixuan' , YANG Shaowu' and CHEN Xucan'"*

1 School of Computer Science, National University of Defense Technology,Changsha 410073 ,China
2 National Innovation Institute of Defense Technology, Academy of Military Sciences,Beijing 100166, China

3 Tianjin Artificial Intelligence Innovation Center, Tianjin 300457, China

Abstract As the foundation of many mobile robot applications,complete coverage aims to plan a collision-free path for robot to
visit all points in the target area quickly. Using multiple robots for cooperative coverage can significantly reduce coverage time and
improve system robustness. However. it increases the algorithm’s complexity and makes cooperative robot management more
challenging. Therefore, the multi-robot coverage problem in a given environment is studied in this paper,which has been proven to
be an NP problem. This work proposes a heuristic multi-robot task assignment based on multi-level graph partitioning(TAMP)
method, which consists of a coarse task assignment algorithm and a fine task assignment algorithm. The coarse task assignment
algorithm reduces the size of the graph by the strategies of multi-level coarsening and graph maximal matching and then obtains a
roughly balanced task assignment by the graph growth strategy. The fine task assignment algorithm proposes a Lazy& Lock
strategy to achieve task subdivision, which improves the solution accuracy. Simulations validate the performance of the TAMP ap-
proach under different scales of random graphs and real-world policing patrol scenarios. Compared to the conventional task as-
signment method, TAMP expands the maximum computational scale from thousands to millions. For small-scale graphs(within
3000) , TAMP accelerates computation time by 20 times and outperforms the conventional method in terms of the deviation from
the optimal solution for different small-scale graphs. For large-scale graphs(3 000~ 1 million) , TAMP can solve the task assign-
ment problem in 60s while keeping the deviation of the optimal solution within 0. 3%.

Keywords Multi-robot system, Area coverage, Task assignment, Multi-level graph partitioning, Min-max balanced connected

g-partition problem
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Fig.3 An example of the coarse task assignment algorithm
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Fig. 4 Diagram of fine task assignment algorithm when ¢=3
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1. G<G,
2. While G | =Gy do
3./ % Whis HEF F B B ¢ /

4. For vy, in Viarder do

b

5. 2o » Vaa< Calculate_max_gain(vy,)
6. Dicgin. append({ (v, » Vo) sgb D)
7. End for

8. if Dicgain is empty then go to line 21

9. Sort Dicgin by gkm
10. /> WHEBHTH B » /
11. For(vy s Ve »g in Dicgindo

12. if (v, » Vg in locklist then continue
13. if Vge—{vy,} is connected then

14. Vase< Vase U {vp}

15. Vie< Vi —{vp}

16. Update G”s Vioarder

17. Locklist. append (Vg5 and Vo)
18. End for

19. go to line 4

20,/ x T AL TR B+ /
21. Update G’s info to finer G
22. if G’s B <Ce then return
23. G=< finer G

24. End while
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