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Self Reconfiguration Algorithm of Modular Robot Based on Swarm Agent Deep Reinforcement
Learning

WANG Hanmo,ZHENG Shijie, XU Ruonan, GUO Bin and WU Lei

School of Computer Science, Northwestern Polytechnical University, Xi’an 710072, China

Abstract Modular robots are composed of a certain number of standard modules with independent functions. At present, self
reconfiguration is a hot and difficult problem in the field of modular robot research. For complex problems, the traditional graph
theory algorithm or search algorithm cannot find its optimal solution in polynomial time,and the complexity increases exponen-
tially with the increase of the number of modules. From the perspective of deep reinforcement learning of swarm agents, the re-
search regards each isomorphic module as a single agent with learning and perception ability,and proposes a modular robot self
reconfiguration algorithm based on QMIX. For this algorithm,a new type of reward function is designed and the parallel move-
ment of the agent on the basis of limiting the action space of the agents is realized, which solves the problem of coordination and
cooperation between multiple agents to a certain extent, thereby realizing the transition from the initial configuration to the target
configuration. In addition,in experiments,9 modules are taken as examples to compare the success rate and average steps between
this algorithm and the traditional search algorithm based on A™ . Experimental results show that when the time step limit is rea-
sonable, the success rate of the modular robot self-reconfiguration algorithm based on QMIX can reach more than 95% ,and the
average number of steps of the two algorithms is about 12 steps. The QMIX self-reconfiguration algorithm can approach the
effect of the traditional algorithm.

Keywords Modular robot, Self reconfiguration, Swarm agent collaboration,Deep reinforcement learning,Configuration space and

action space
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SR le s R HEAT — R A s, AT A RE IR R S 5

BAn BAEE B 2 50 h
16. FOR i=1 to N DO
17. i 1 A 12 M S, N A avail _acti 91 &
18. PEAT TG 4 W, ARG RT3 % S 4 0 BT AL 00 2 3 R A5 R
TEAEERNE D, I Bavail_act
19. Ftavail_acti il Aavail_actions,

20. ENDFOR

21. IF i BB 35 H b i 5

22. BREAK

23. ENDIF
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Fig. 3 Several common configurations
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Table 1 Comparison between traditional search algorithms and sell

reconfiguration algorithms based on QMIX

ok kA BE S HRE O RE/N FHFH
% A EE % x 100 12. 14
QMIX B # ) & 3% 200 97.53 12.24
QMIX # £ # 5 % 100 98.77 12.51
QMIX B # 4 & 3% 30 95. 06 12.12
QMIX # £ # 4 % 25 88.89 11.39
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