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Abstract: With the rapid development of industrialization and urbanization, the importance of environmental moni-
toring is becoming more and more prominent. However, traditional monitoring methods are limited by high costs, difficult
layout and maintenance challenges, making it difficult to achieve comprehensive and real-time monitoring. Crowd Sensing,
an emerging environmental monitoring method, utilizes widely used highly intelligent devices and integrated sensors for
large-scale collection and real-time transmission of environmental data. However, existing studies seldom consider data pri-
vacy protection, work balance, and system cost at the same time, which makes it difficult to achieve the expected results in
practical applications. To solve this practical problem, this paper proposes a low-cost and high-efficiency method that can
be applied to crowd sensing for environmental monitoring (Adaptive Federated Learning based Crowd Sensing algorithm
for Environmental Monitoring, AFL-CSEM). Specifically, we first consider the challenges of resource constraints, device

heterogeneity, and non-independent and homogeneous distribution of data in the system, and model the system by combin-
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ing crowd sensing and federated learning techniques, and train the model locally on user’s devices, sharing only the model
parameters to effectively protect data privacy. Then, the convergence analysis of the system is carried out, and the conver-
gence bounds of the crowd sending algorithm based on federated learning are obtained for non-independently and identical-
ly distributed data distributions. Then, in order to reduce the impact of device heterogeneity, based on the results of the con-
vergence analysis, an adaptive control method is designed to dynamically adjust the local update frequency and batch size to
adapt to the heterogeneous and dynamic monitoring environment. By comparing on real datasets, all the experimental re-
sults consistently prove the effectiveness of the proposed algorithm in this paper, and the AFL-CSEM algorithm improves
the efficiency and accuracy of model training while reducing the computation and communication overhead and lowering
the economic cost. It provides a novel and informative solution for environmental monitoring in resource-constrained edge
computing environments.
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Fw(1)=F (w) < 7 (A (28) 4 0 1 48
AL IR RAT AR
M ph(t) > 00, % e WAL :

F(w/) —F(w*) <=



828 H, ¥

EE 2025 4F

P (30)

. W_ph(;))

7€,

Bui 295y G AR TR & X (a2
AT

1 1 h(z

“0% 2ppr " /4;72¢2T2 i pmf)r)

A FE DI B2 R F ) R () e fi e
>eo, HAIB2 AT M F (w(T)) —F(w") <y, BARIX 55
() F G, N K e<F(w(T))-F(w") <e,TE e>e, 5 AF
T ICEERAT, T Lk e Ok [R] i il 5 B 2 A5 (3) Rl o
(F (4). X REBRTAFAE KA o W22 F (v, (ko) ) ~F (w°)
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