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Abstract: Federated learning (FL), as a flexible and scalable distributed machine learning approach, has been widely ap-
plied in the industrial Internet of things (IIoT) to achieve low-latency, low communication overhead, and high-accuracy
model training while preserving data privacy. However, due to the heterogeneity in computing and communication capa-
bilities among edge devices in IloT, traditional synchronous FL suffers from the “straggler effect”, where the server must
wait for all clients to upload their local model parameters, significantly reducing training efficiency and making it difficult
to meet the low-latency service requirements of IIoT. To address this issue and mitigate the training delay caused by de-
vice heterogeneity, a semi-synchronous heterogeneous industrial FL framework was proposed. Based on this framework,
a client selection scheme was designed, leveraging training latency efficiency scores to enhance training efficiency. Fur-
thermore, to improve network spectrum utilization, an adaptive bandwidth allocation mechanism based on a mathematical
relationship was proposed that ensured equal global training latency per round, optimizing the model upload strategy of
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selected clients. Extensive simulation results demonstrate that, compared with benchmark schemes such as FedAvg

and FedCS, the proposed approach achieves significant advantages in model accuracy, system latency, and spectrum

efficiency.
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