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Figure 1 (Color online) Starling neighborhood selection mechanism.
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S1:Initialize the position, velocity, weight and
participation status variables of each UAV

v

S2:Calculate the Delaunay topology at the current
moment, select the individuals with DT edges, and form |«@———
the time-varying adjacency E,,

Danger?

Y

S3: Calculate the response index |4 (¢)| for "neighbor
state change" and determine the bias tendencies of
the left and right channels

v

S4: Calculate adaptive threshold 6.

S5: Based on the coupling correction of neighborhood
density 2 (#) and relative distanced; (), the weight-
based attraction-repulsion/alignment is adaptively
adjusted as (21)-(22)

S6: Construct bifurcation force £ (¢) and
determine the bifurcation direction. Calculate

the bifurcation strength &’ corresponding to v
Step SS. S5

S7: Calculate the attractive force, repulsive force, alignment force and
bifurcation force within the DT neighborhood, and obtain the control |«
input according to Equations (23)-(24)

v

S8: Update the state quantities such as
position, velocity, yaw, and altitude
according to the dynamic equation

Converge / Objective

B 2 HEREERESE T ANIEHIRIZE.

Figure 2 Flow chart of the UAV swarm starling-inspired bifurcation-based control.
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Figure 3 (Color online) Initial aggregation evolution. Figure 4 (Color online) Autonomous obstacle avoidance

evolution based on state bifurcation mechanism.
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Figure 5 (Color online) Multi-stage target guidance- Figure 6 (Color online) Multi-stage target guidance-
based clustering. based convergence.
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Figure 7 (Color online) Steady-state position Figure 8 (Color online) Velocity variation in UAV
distribution of UAV swarms. swarming process.
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Starling-inspired bifurcation-aggregation adaptive control for
UAV swarms in complex multi-obstacle environments
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School of Automation Science and Electrical Engineering, Bethang University, Beijing 100083, China
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Abstract To address key issues such as unstable collaborative control and poor convergence in UAV swarm tasks
like target aggregation and obstacle avoidance in complex dynamic environments, an adaptive UAV swarm control
method with topology-driven bifurcation-aggregation dynamics is proposed. This method employs an adaptive
neighboring modeling strategy based on triangulation, effectively utilizing neighborhood information with memory
effects. Local density is used as the driving factor, and a three-force weighted online learning method is introduced,
with self-feedback control of the flight parameters for each subsystem. Finally, a state bifurcation and density-
distance coupling weight update model is utilized to achieve target point switching, adaptive obstacle avoidance,
and terminal aggregation consistency in a multi-level swarm state, enhancing coordination and convergence among
multiple UAVs. Simulation results demonstrate that this control method can perform task aggregation with
varying numbers and sizes of tasks in environments containing various obstacles. In the final state, the UAVs
maintain consistent velocity and altitude, adjusting control strategies during the process and modifying their
communication relationship structure. Compared to traditional fixed-weight and static topology schemes, this
method exhibits better robustness.

Keywords UAV, bifurcation control, obstacle avoidance, adaptive group control, starling



