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Abstract  
 
This talk will present a novel approach to soft sensing, integrating artificial intelligence with physical 

principles to improve measurement precision and reliability. Instead of relying solely on extensive 
networks of physical sensors, an advanced data-driven estimation method is developed using physics-
enhanced Graph Neural Networks (GNNs) to infer key measurements while maintaining metrological 

accuracy. 
In this approach, fundamental physical laws, such as the Darcy-Weisbach equation for fluid flow and 
heat transfer principles, are integrated directly into the graph structure. By incorporating sensor-

relevant parameters, such as pipe and valve properties, the model enhances measurement 
consistency while ensuring compliance with established physical constraints. This integration allows 
for improved precision in sensor-based estimations and a reduction in systematic errors that often 

arise in complex industrial environments. 
To evaluate this methodology, district heating networks are used as a test case, demonstrating that 
the physics-enhanced GNN outperforms traditional data-driven methods in estimating pressure and 

temperature.  
The broader impact of this work lies in advancing data-driven metrology. By reducing dependence on 
dense physical sensor networks while maintaining traceability and accuracy, this method supports 

improved sensor calibration, measurement consistency, and predictive diagnostics in complex 
systems. 
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