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Al-driven Laser Coloring: A Predictive Model for Thin-
Film Color Generation
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ﬁaser-induced thin film coloration enables vibrant, durable, and eco-friendly color production, aligning with ESG
principles and finding applications such ad aerospace and medical devices. However, the process involves
complex, nonlinear interactions between laser parameters and colors, making traditional trial-and-error
approaches inefficient. To address these challenges, we propose a physics-driven tandem neural network (PD-
TNN) that incorporates critical physical properties—average fluence and average time—into the model.
Additionally, we introduce a perceptual-based AE loss function, ensuring alignment with human visual
perception. Using a dataset of over 2400 samples, PD-TNN achieves an average AE of 1.48, significantly
outperforming baseline model. These results highlight the significance of integrating physical insights and using
a perceptual evaluation metric as the loss, offering a precise and efficient solution for laser coloration. J
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* Physical parameters in PD-TNN » Titanium samples with parameter values ° Visual comparlson of target colors and predicted colors
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