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Towards Software Architecture and Accompanying Behavior Mechanism of Autonomous
Robotic Control Software Based on Multi-agent System
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Abstract: Autonomous robot is a kind of complex cyber-physical system controlled by software. To support robots to operate in open
environment in an effective and cooperative way is a great challenge for the researches and practices of control software of autonomous
robot (CSAR). Adopting organization theory, this paper presents a multi-agent software architecture MaRSA (multi-agent robotic software
architecture) that takes structure-in-5 organization style for CSAR. The software components of plan, dispatch, and execute behaviors of
robot are independently encapsulated and explicitly separated, which lays architecture foundation for the flexible cooperation and
continuous interactions among these components. The paper further proposes an accompanying behavior mechanism to enrich the
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interactions of observation actions and task actions, defines three kinds of accompanying relationships on the causality, temporal, and
on-demand viewpoints, as well as designs a two-step dynamic decision algorithm DAAB (decision algorithm of accompanying behaviors)
for planning accompanying behaviors. Two experiments are conducted in simulation robot environment and the real robot environment
respectively, and the results show that comparing with the reactive behavior planning algorithm and BDI-based probabilistic planning
algorithm, the proposed algorithm DAAB can produce plans that operate in open environment with high efficiency and low efforts to
accomplish tasks.

Key words: CSAR,; structure-in-5; multi-agent system; software architecture; accompanying behavior
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DAAB(decision algorithm of accompanying behaviors).
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Fig.3 Accompanying interaction relationships between task behaviorsand observation behaviors
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Fig.8 Simulated scenario for uncertainties in robot plan execution
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Fig.9 Indoor scenario based on real robot to take the target with changed position
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Fig.10 Accompanying behavior, reactive behavior and BDI-based probabilistic planning processes
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Fig.11 Global distance between robot and target in the simulated scenario
B11 7 B se e S AR bR A R LA AN E R AR ) 0



EHE Fh EMNBA S F AR A BAE AT A AU 1633

— A MR SA B e lh B A W BDBDA X
500
EFRA USRI NE
—_— H_Ee AR ik W Nk
400 —
= 300
e
[
200
100 '

0

0 100 200 300 400 500
o6 /4

Fig.12 Distance between target and robot vision center in the simulated scenario
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Fig.13 Robot movement and observation results at different time in reactive behavior planning process
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Fig.14 NAO robot movement results of different time in accompanying behavior planning process
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