
ESC-GAN: Extending Spatial Coverage of 
Physical Sensors
Xiyuan Zhang, Ranak Roy Chowdhury, Jingbo Shang, Rajesh Gupta, Dezhi Hong

University of California, San Diego

xiyuanzh@ucsd.edu 

1

mailto:xiyuanzh@ucsd.edu


● Motivation

● Method

● Experiments

● Conclusion

Outline

2



● Motivation

● Method

● Experiments

● Conclusion

Outline

3



Background

● Geo-sensors help monitor our ecosystem

○ Global warming, flood forecasting, agriculture

● However, geo-sensors are sparsely deployed!

○ Physical constraints, economic costs

● Extend the Spatial Coverage of sensory data without deploying additional sensors
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Challenges & Opportunities

● Complete miss of temporal information

○ Fundamentally different from traditional  imputation task

● Existence of local and global context

● Multi-scale structure

○ Fine-grained data for accurate local patterns

○ Coarse-grained data for “macro” view 
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Model

● Local 3D Convolution paired with Global Attention Module
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Model

● Local 3D Convolution paired with Global Attention Module
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Reconstructed Map



Model

● Local 3D Convolution paired with Global Attention Module
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Ground Truth Map



Model

● Local 3D Convolution paired with Global Attention Module
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Model

● Local 3D Partial Convolution
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● Global Attention Module



Model

● Multi-scale Structure
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Model

● Irregular and stochastic forms, high variations 

● Generative Adversarial Network (GAN)

● Generator, Discriminator, adversarial training
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Optimization

● Reconstruction Loss
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● Variation Loss

● Adversarial Loss

● Objective
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Dataset
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Main Results
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Main Results
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Qualitative Results
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Numbers above figures are Mean Square Errors 



Ablation & Visualization
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Robustness to Missing Patterns
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Robustness to Missing Ratios
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Generalization to Random Missing
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Conclusion
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● Extending Spatial Coverage (ESC) of sensory data to locations without 

historical values

● How to address challenges in ESC task?

○ Local and global context 

○ Structure across multiple scales

○ Adversarial training

● Extensive experiments on geo-sensory datasets demonstrate 

state-of-the-art performance1, 2

1. https://xiyuanzh.github.io/assets/publications/WSDM22_ESC_GAN.pdf  
2. https://github.com/xiyuanzh/ESC-GAN 

https://xiyuanzh.github.io/assets/publications/WSDM22_ESC_GAN.pdf
https://github.com/xiyuanzh/ESC-GAN
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