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Fig. 2 Effect of different communication distances on the path loss
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Compute the congestion distance for each

solution in the candidate set

Initialize node energy, position, and velocity
initialize ultraviolet link parameters
v

Periodically broadcast node status information
(location, speed, RSSI, energy status)

v -
Output cluster header solution and broadcast
Particle coding and population initialization cluster header declaration message

¥ v
Multi-objective function evaluation Ordinary node sends cluster request
maximum residual energy, maximum UV link
RSSI stability, minimum node-to-length distance,

Determine if it is the maximum congestion
distance of the current candidate set

maximum velocity coherence

v

Determine if a member node is admitted

Undominated sorting and elite profile P or not the maximum number of cluster
construction A members is not exceeded
v
Particle velocity and position update
v Node entry cluster
Differential evolution jumps out of v
local optima
v Data transmission
Joint population screening cluster head

candidate sets
[ End
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Fig. 4 Block diagram of MOPSO-DE clustering algorithm flow
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Table 1 Simulation parameters

Parameters Value Parameters Value
Number of nodes 100 Number of particles N, 50

Initial energy of nodes E, 3007 Maximum number of iterations T' 1 000
Energy required to send data E 80 nJ Initial inertia weight w ., 0.9
Energy required to receive data Ey 80 pJ Final inertia weight @, 0.4
Energy required to merge data Ep, 80 pJ Cognitive learning factor ¢, 2.0
Maximum communication radius R, 200 m Social learning factor ¢, 2.0
Divergence angle 0 15° Maximum particle velocity v, 0.2
Emission elevation angle £ 60° Maximum archive size A ,. 50
Receiving elevation angle Bx 60° Initialization threshold parameter ¢ 0.5

Receive field of view 0y 15° Path loss index a 1.526 4

Path loss factor & 1.72x10° Number of object functions m 4
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Research on Multi-objective Cluster Optimization Algorithm for
Formation UAVs for UV Covert Communication

ZHAO Taifei, CHEN Yuqi, GAO Ziyao, LIU Le, ZHENG Borui
(Institute of Automation and Information Engineering , Xi'an University of Technology, Xi'an 710048, China)

Abstract: In the modern electronic countermeasure environment with strong electromagnetic interference,
traditional wireless communication methods such as radio frequency, Wi-Fi, and millimeter waves face
challenges like unstable connections and vulnerability to interference or detection. These issues hinder their
ability to satisfy the high requirements for stealth and strong anti-interference needed by rear combat
formation Unmanned Aerial Vehicles (UAVs). Ultraviolet Communication (UVC), with its non-line-of-
sight transmission capability, low detectability, and high anti-interference performance in the “solar-blind”
band, has become an important means of new—generation covert communication.

In this paper, a joint optimized clustering method (MOPSO-DE) integrating Multi—-Objective Particle
Swarm Optimization (MOPSO) and Differential Evolution (DE) is proposed to solve the problems of
uneven node energy consumption and limited data transmission of traditional clustering algorithms in order
to meet the demands for efficient and cooperative communication of formation UAVs in combat missions
under UV covert communication.In this paper, we first develop models for UAV inter-copter Ultraviolet
(UV) non-line-of-sight communication links and UAV energy consumption. We then propose four key
metrics for selecting cluster heads: the node's remaining energy, stability of the UV link's Received Signal
Strength Indicator (RSSI), the node's normalized distance to the leader UAV, and consistency in speed.
For the above multi-objective optimization problem, this paper introduces the multi-objective particle
swarm optimization algorithm into the cluster head election process, constructs the Pareto optimal solution
set by the non-dominated sorting mechanism, and filters out the global optimal cluster head set by
combining with the congestion distance strategy, and at the same time introduces the differential evolution
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mechanism to prevent the algorithm from falling into the local optimum. In the data transmission phase, a
communication framework based on the three—layer structure of ‘leader—cluster leader-member’ is
designed, and an intra—cluster fast reconfiguration mechanism is proposed to cope with the failure of the
cluster leader nodes due to energy depletion, deterioration of the link, or positional deviation. By
constructing a single—objective weight function to achieve rapid cluster head replacement without global
reclustering, the dynamic adaptive capability and control overhead of the network are effectively improved.

In the simulation validation this paper deploys 100 UAV nodes in a 1 000 m 1 000 m area based on
Matlab platform, and comprehensively compares the network performance of MOPSO-DE with five
algorithms: LEACH, WCA, LEACH-X, DSWCA, and CNNUC, under different simulation rounds.
The results show that MOPSO-DE has significant advantages in terms of node energy consumption,
network survival time and data transmission volume. Compared with the LEACH algorithm, WCA
algorithm, LEACH-X algorithm, DSWCA algorithm and CNNUC algorithm, the MOPSO-DE
algorithm respectively reduced the average energy consumption by 25.8%, 23.6%, 17.1%, 15.3% and
11.1%, and increased the data transmission volume by 91.6% , 54.42%, 29.3%, 12.8% and 9.6%. The
article further simulates and analyses the effects of different node numbers, different packet lengths and
different node movement speeds on the performance of the algorithm, and the results show that the increase
of node density increases the overall communication load of the system; the increase of packet length
improves the amount of data transmission per unit of time, but it also significantly accelerates the energy
consumption of the nodes; and the effects of different movement speeds on the performance of the network
show a ‘pre—favorable, post-favorable’ effect. The impact of different mobile speeds on the network
performance shows the stage characteristics of ‘favorable in the early stage and unfavorable in the later
stage’.

In summary, the MOPSO-DE multi-objective clustering algorithm proposed in this paper effectively
integrates multi—factor optimization strategies and intelligent optimization methods, and achieves significant
results in improving clustering efficiency, extending network life cycle, reducing energy consumption and
enhancing link robustness, which provides theoretical support and algorithmic basis for the efficient
deployment of UAV swarm self-organized communication networks in the future under the complex
battlefield environment.

Key words: Formation UAVs; Ultraviolet optical communication; Clustering algorithm; Multi—objective
particle swarm ; Differential optimization
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