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Abstract

In recent years, with the rapid development of UAV technology, research on UAV
swarm has received increasing attention from the academic community. This research can
be traced back to the study of biological swarm behavior. Biological swarm behavior is
ubiquitous in nature. The individuals in these groups have weak perception and limited
action capabilities, but they can emerge complex group behaviors at the group level in a
coordinated manner through simple behavioral rules and local information interactions. The
characteristics of biological swarm behavior such as decentralization, self-organization and
consensus initiative are essentially the same as the requirements for UAV swarm control,
which provides a shortcut for the research of UAV swarm. For the problem of UAV swarm
target entrapping, this paper proposes a UAV swarm target entrapping model based on fusion
of formation control and gene regulation network and analyzes and verifies the proposed
model through simulation experiments.

(1) For the fusion of formation control and gene regulation network, we modified the
original three-dimensional gene regulation network model by replacing the third layer of the
original model with the formation control model and proposes a method for entrapping
pattern generation based on cooperation gene regulation network. This model completes the
target entrapping task through cooperation among UAVs in the UAV swarm. On the basis of
adaptive generation of entrapping patterns by the gene regulatory network model, this model
adds an entrapping control point selection module and drives UAVs to move to the generated
entrapping control points by formation control model to realize uniform distribution of
UAVs around target. The experimental results prove that the model has better robustness and
prove the feasibility of fusion of formation control model and gene regulation network as
well as the improvement of algorithm performance, which lays foundation for subsequent
improvement of this model.

(2) For the problem of distributed target entrapping by UAV swarm in battlefield
environment where the global positioning system fail and communication is denied, this
paper proposes an entrapping pattern generation method based on stigmergy gene regulation
network. The model establishes the ontology-based coordinate system and updates its own
state through sensor information. According to state information, this model adaptively
selects corresponding modules to generate virtual target points for the next step. Finally, an

improved formation control model is used to drive the UAV to move to the generated virtual
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target point. This model realizes collaborative entrapping by UAV swarm through the
indirect communication of state information, simplifies the entrapping morphological
generation model, improves formation control algorithm. The above improvements reduce
the demand for computational resources and ensures that the algorithm can be deployed on
UAVs. At the same time, this algorithm ensures that the UAV swarm can quickly complete
the entrapping after finding the target and can track the dynamic target by changing the
entrapping form adaptively according to the environment. The comparison results of
numerical simulation experiments show that this model can be fully applied to complex
environment with unknown information and has strong robustness. In the CoppeliaSim
simulation experiment, the average distance from the target can converged to 2m, and the
entrapping strength finally remains above 80%, which proves the feasibility of applying this

method to the actual battlefield environment.

Keywords : UAV swarm, Gene regulation network, Entrapping pattern generation,

Distributed entrapping, Formation control
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