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Zhu Han
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July 9, 2026 (Thu.)
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09:00 - 12:00

- Generative Al for Wireless and
~ Energy Systems: A Diffusion

Diffusion models have rapidly evolved from image generators into a general
framework for modeling complex data distributions. This talk presents
three complementary directions that extend diffusion models beyond
conventional generation and toward system-level intelligence. First, we
revisit the reverse diffusion process through the lens of mean-field games,
where denoising is reformulated as an optimal population-level transport
problem between noise and data distributions. This perspective connects
diffusion generation with controlled distribution evolution, saddle-point
optimization, and coupled HIB-FPK dynamics. Second, we show how latent
diffusion inpainting can reconstruct UAV radio maps from sparse and
partial observations. By combining UAV-based sensing, spatio-temporal
latent diffusion, and radio map reconstruction, diffusion models become a

tool for recovering hidden wireless environments under limited coverage
and dynamic sensing constraints. Third, we introduce socio-aware diffusion

for residential load data generation, where social attributes guide
controllable generation for disadvantaged or data-scarce communities.
Through global-personalized multi-step diffusion and fairness-oriented
adversarial training, the model generates realistic and diverse electricity-
consumption patterns while improving downstream forecasting and reducing
data imbalance. Together, these works highlight a broader view of diffusion
models: not merely as sample generators, but as controllable and
conditional for reasoning about evolving distributions in large-scale
infrastructure systems, including wireless networks and smart grids.
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Semantic communication (SemCom), a prominent feature of 6G, aims to
address communication problems at the semantic level by transferring
semantic information accurately and efficiently. Advances in generative
artificial intelligence (GAl), such as the development of large language
models and improved generative capabilities, have significantly
facilitated the implementation of SemCom. This talk presents three cases
of GAl empowering SemCom: The first case is a Swin-Transformer-based
dynamic SemCom system that optimizes semantic communication
efficiency by dynamically adjusting the compression rate bhased on
network conditions for multi-user scenarios with varying computing
capacities. The second case is a federated learning framework designed
to enhance global model performance in decentralized environments by
leveraging Federated Local Loss (FedlLol) for efficient aggregation,
reduced communication overhead, and effective image reconstruction.
The third case is an Al-generated content framework (AIGC-SCM) for
remote monitoring, utilizing GAl to achieve high-fidelity reconstruction of
compressed content while maintaining semantic consistency and
optimizing energy efficiency. Experimental results and demo confirm the
effectiveness of these methods and provide practical insights for
integrating SemCom with GAI.

All Faculty and students
are invited to join!
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