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• PI: Zhi (Gerry) Tian, ECE at George Mason University
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Project Objectives: 
Develop learning-based technologies for intelligent wireless networks:
• Wideband spectrum sensing through efficient ML techniques;
• Collaborative learning for spectrum monitoring and cartography;
• Reinforcement learning based optimization for IRIS-system design.

Spectrum Transformer
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Challenges:
• Wideband data dimensionality boosts 

computation complexity
• Complex DNNs vulnerable to overfitting 
• Ineffectiveness in capturing long-range correlations

Challenges: 
• Wideband sensing w/ partial observations 
• Heterogeneous tasks and non-IID local data

Collaborative Learning for wideband spectrum sensing

Contributions:
• Learn both inner-band features & inter-band 

correlations via multi-head self attention (MSA)
• Develop wideband Spectrum Transformer 

model to facilitate wideband detection   

Accuracy under various data volumes

Parameter size and computation costs.

ROC of different methods

Contributions:
• Band-specific sub-network decoupling 
• Collaborative learning with partial observers.

ROC of different methodsPD of different methods

Federated Radio Map Estimation (FedRME)
Challenges:
• For large scale, high dimensionality causes model complexity
• Sparse observation leads to data scarcity and overfitting 
Contributions:
• Partition area among distributed learners
• Each estimate small region radio map   

Collaborative learning w/ limited training data 

Physics-Enhanced FedRME
Region 1 Region 2 Region 3

Region 4 Region 5 Region 6

Region 7 Region 8 Region 9

Challenges:
• Heterogeneous local environments, data and tasks 
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Contributions:
• PE-FedRME by using log-distance path loss model to guide a shared autoencoder
• Each client trains a local autoencoder for client-specific propagation in shadowing

RL-based irregular-RIS Optimization
Irregular  RIS
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• Distributing power across increasing RIS antenna array
• CSI acquisition complexity and vulnerability to sensing error
• Mixed-integer programming with hybrid variables
Contributions:
• IRIS-DDPG for both discrete antenna element selection and

continuous phase shifts and beamforming
• Considering the impact of channel estimation errors, design

DRL reward function of SE/EE based on channel statistics
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IRIS-DDPG with Statistical CSI
NECE with Instantaneous CSI
SR with Instantaneous CSI
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Collaborative learning among clients

Performance under Ch. Est. errors


