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Intelligent control of bionic collective motion based on deep learning

LIU Lei**', SUN Zhuo-wen?, CHEN Ling-yi®>, GAO Yan', WANG Fu-zheng', WANG Ya-gang®

(1. School of Management, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School
of Optical-electrical, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Compared with the method of automatic control theory, the self-organized control for collective motion is
more robust and flexible. The strong self-organizing collective motion of biological species is related with individual
hierarchical interactions, which is characterized by the asymmetrical influence of the pairwise interaction. Due to the
complexity of interaction information, the construction of analytical models of hierarchical interactions is still full of
challenges. Based on the deep learning technology, the experimental data of the collective motion of Hemigrammus
rhodostomus fish is analysed to construct the individual interaction model with multi-parameter inputs. A deep network
structure for pair interaction is designed, and the interaction model is obtained by means of proper training. Based on
visual pressure, the individual identifies the key neighbour, which is used for hierarchical interaction built by deep neural
networks. Compared with other neighbour selection methods, the macro characteristics are more consistent between the
proposed intelligent control method and real fish collective mention experiment. Simulation shows that the proposed
method can be extended to larger-scale groups for aggregation control with collective motion, so that the individual can
take advantage of local information to achieve large-scale collective motion. The proposed control method is simple to
use, flexible for different scale, and fast for calculation. Thus, it has broad application prospects in the fields of multi-robot
control, intelligent transportation systems, saturated cluster attacks, and multi-agent logistics.

Keywords: collective motion; hierarchical interactions; deep neural network; intelligent control; self-organization
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