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collaboration among the UAV, which has become a pivotal area of technical research. However, in environments rife
with communication uncertainties, both subjective and objective environmental factors can disrupt UAV communication
and collaboration. This interference can prevent UAV from accurately transmitting and receiving information,
thereby jeopardizing the success of collaborative missions To address this challenge, a fault-tolerant UAV collaboration
method grounded in reinforcement learning and semantic communication was developed to cater to the leader-
follower UAV mission pattern within environments constrained by limited communication capabilities To enhance
the follower UAV's strategy for reinforcement learning-based following, a semantic communication mechanism
coupled with a Proximal Policy Optimization (PPO) method was implemented. This approach facilitated the
prediction of the leader UAV's actions. Under normal communication conditions, the follower UAV received data
transmitted by the leader and executed the corresponding command operations. In scenarios where communication
was interfered, the follower UAV leveraged historical flight and communication data to extract semantic information.
This information was then used autonomously to predict the future flight paths of the leading UAV. By integrating
the learned and predicted behavior patterns of the leader, the follower UAV was able to make informed decisions.
The proposed scheme, which did not necessitate additional anti-interference equipment, enabled the UAV swarm to
counteract communication interference and bolster the efficiency of collaboration within a challenging and obstructed
communication context. Experimental studies show that, when compared to benchmark methods, the proposed
scheme not only endures complex environments with interferences but also significantly improves the efficiency of
UAV leading-following operations and the overall mission success rate. This research provides valuable insights into
viable solutions for future UAV swarm collaborations within communication-constrained and interfered environments.
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Figure 1 Leader-follower collaboration
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Figure 2 Gridded system area for UAV simulation
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Figure 3 Shannon's conventional communication system model and semantic communication system model
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Table 4 Performance of follower tracking for different methods with interference probability 0~1

S T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
HOVER 1.39 8.7 13.51 16.81 20.73 23.37 24.81 27.12 28.15 30.22 31.78
SemComRL 1.35 4.29 6.98 8.77 11.12 1207  14.69  16.1 16.64  17.07 1836
SATAS 1.37 7.77 10.13 15.11 17.45 20.32 23.92 25.04 27 29.65 30.6
RANDOM 1.33 7.96 15.93 20 23.72 25.97 29.88 31.16 32.72 33.19 34.78
KEEP 1.14 5.1 8.45 11.35 13.63 16.56 19.91 22.64 24.63 25.57 26.93
#=5 LAHOVER 75 RE L & 75 AR EHLERBE 1 BEXTEE
Table 5 Performance comparison of follower tracking with HOVER method as a baseline
Sk TR
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
HOVER 1 1 1 1 1 1 1 1 1 1 1
SemComRL 102.88%  150.69%  148.33% 147.83% 146.36% 148.35% 140.79% 140.63% 140.89% 143.51% 142.23%
SATAS 101.44%  110.69%  125.02%  110.11% 115.82%  113.05% 103.59% 107.67% 104.09% 101.89% 103.71%
RANDOM  104.32%  108.51% 82.09% 81.02% 85.58% 88.87%  79.56%  85.10% 83.77%  90.17%  90.56%
KEEP 98.56%  41.38%  137.45% 132.48% 134.25% 129.14% 119.75% 116.52% 112.50% 115.39% 115.26%
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