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Analysis model for revealing mechanism of internal information coupling
in biological collective systems based on deep network
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Abstract: The biological collective motion exists wildly in the natural world, such as fish schooling, birds flocking, herds
migrating, etc. These speciaes can emerge cooperative behavior orderly through internal information coupling. However,
due to the complexity of the internal interaction and ever-changing environment, there is still a lack of effective tools
for behavioral analysis at the micro level. In this work, an embedded graphical attention deep network is employed for
automatically building the model of the individual information interactions from the data of fish schooling, aiming to
extract a general network tool suiting for the complex system analysis. This research maps the low-dimensional individual
observations to the high-dimensional states space followed by the generation of soft attention values to represent the
interaction strength between the individuals. These soft attention values are numerically normalized, which can be used
as a key indicator for the information coupling of multi-neighbors. A decoder network is designed for transforming the
extracted attention information into the motion decision of individuals. The experimental results show that the obtained
attention value can not only reveal the hidden coupling relationship of the information interactions in collective systems,
but also visualize the information interactions of the individuals, which can be used as scientific evidence for proving the
visual communication theory on fish schooling. The presented analysis tool has the following excellent characteristics:
First, the coupling of internal information can be explained; Second, the interaction strength of individuals can be
visualized; Third, the quantity of individuals in the system can be scaled; Forth, the model can be generalized to the
different distribution of collective states. In conclusion, the proposed tool is promising to become a standard artificial
intelligence paradigm for decoupling analysis of complex systems, which has potential application values in the behavior
analysis of social systems, distributed control of swarm robotics, and safety evaluation for intelligent transportation
systems.

Keywords: collective motion modeling; graph attention mechanism multi-agents interaction decoupling; complex system
analysis; collective intelligence emergence; multi-agents collaboration
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