	Preface
	Nomenclature
	Introduction
	Concentrated Solar Power
	Evaluation of CSP
	Problem Statement


	State of the Art
	CSP Plant Jülich, Germany
	Heliostat Surface Measurements in CSP
	Importance of Accurate Heliostat Surfaces
	Deflectometry as Surface Measurement Technique

	Deep Learning
	Supervised Deep Learning for Heliostat Surface Reconstruction
	Ill-Posed Inverse Problems


	Research Aim
	Framework

	Methodology
	Surface Prediction via Physics-Aware Deep Learning
	Inputs
	Neural Network
	Outputs
	Raytracing
	Loss Calculation
	General Performance Metrics
	Geometric Descriptors of Heliostat Surfaces
	Empirical Constraints from Deflectometry Measurements
	Further Reduction of Solution Space
	Regularization Implementation

	Flow Diagrams of Primary Scripts
	Data Preprocessing
	Training Loop
	Software

	Methodology Summary

	Results
	General Results
	Baseline
	Loss Function
	Training Sample Scaling
	Hyperparameters
	Regularizations
	Synthetic Datasets
	Summary

	Lowest Flux Density Loss
	Lowest Surface Loss

	Discussion
	Reflection on Results
	Best Surface vs. Best Flux Model
	Number of Training Samples
	Bayesian Hyperparameters
	Regularizations
	Synthetic Datasets

	General Limitations
	Dataset
	Augmentation
	Canting
	Parallel Raytracing
	Computational Efficiency
	Ill-Posedness of the Inverse Problem

	Recommendations and Future Research
	Data Augmentation
	Improved Parallel Raytracing
	Regularization Strategy
	Heliostat Position Strategy
	Real-World Validation and Canting


	Conclusion
	References
	Appendix
	GitHub
	Sun Position Calculation
	Number of Sun Positions
	Raytracing Procedure
	Hyperparameters
	Error Metric Evaluation
	Deflectometry Data Analysis
	Order of Magnitude
	Curvature
	Tilt
	Edge Behavior

	Regularization Implementation
	Additional Results
	Baseline Results
	Loss Function
	Input Scaling
	Hyperparameters
	Regularization Results
	Synthetic Dataset



