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Laser cleaning is used extensively across industrial manufacturing for the removal of contaminants, including 
rust, paint, and surface impurities [1-3]. However, conventional laser cleaning typically applies higher-than-
necessary laser energy to ensure the complete contaminant removal, leading to excessive energy consumption, 
unintentional material removal, and potential substrate damage. A more precise and adaptive cleaning strategy 
can enhance energy efficiency while preserving substrate integrity. 

Recent advancements in deep learning have significantly improved process control in laser materials processing 
[4], particularly in real-time monitoring [5], predictive visualization [6], and parameter optimization [7, 8]. These 
developments offer a promising insight to addressing key challenges in laser cleaning by dynamically adjusting 
laser parameters to optimize contaminant removal while minimizing energy consumption and collateral damage. 

This work introduces a new femtosecond laser cleaning method enhanced by deep learning, where a neural 
network, integrated into a real-time imaging system, automatically detects and identifies particle contaminants. 
Each identified particle is then selectively removed using a single laser pulse with precisely calibrated pulse 
energy, ensuring effective and efficient cleaning without damaging the substrate. Cleaning trials were conducted 
on samples containing a mixture of 15 µm polystyrene microbeads and 20 µm polymethacrylate microbeads. The 
neural network, trained on high-resolution imaging data, can predict the optimal laser energy required for 
removing each type of microbead by analyzing the appearance of the microbeads in real time. This adaptive 
approach ensures effective removal while minimizing energy consumption and substrate damage. The proposed 
method is particularly suited for high-precision applications in aerospace, electronics, vehicle maintenance, and 
medical device manufacturing, where selective material removal is essential. 

 

[1] X. Li, T. Huang, A.W. Chong, R. Zhou, Y.S. Choo, M. Hong, Laser cleaning of steel structure surface for paint removal and 
repaint adhesion, Opto-electronic Engineering 44 (2017) 340-344. 
[2] G. Zhu, Z. Xu, Y. Jin, X. Chen, L. Yang, J. Xu, D. Shan, Y. Chen, B. Guo, Mechanism and application of laser cleaning: A review, 
Optics and Lasers in Engineering 157 (2022) 107130. 
[3] K.G. Watkins, J.H. Larson, D.C. Emmony, W.M. Steen, Laser Cleaning in Art Restoration: A Review, in: J. Mazumder, O. 
Conde, R. Villar, W. Steen (Eds.), Laser Processing: Surface Treatment and Film Deposition, Springer Netherlands, Dordrecht, 
1996, pp. 907-923. 
[4] B. Mills, J.A. Grant-Jacob, Lasers that learn: The interface of laser machining and machine learning, IET Optoelectronics 
15(5) (2021) 207-224. 
[5] Y. Xie, D.J. Heath, J.A. Grant-Jacob, B.S. Mackay, M.D.T. McDonnell, M. Praeger, R.W. Eason, B. Mills, Deep learning for the 
monitoring and process control of femtosecond laser machining, J. Phys. Photonics 1(3) (2019) 035002. 
[6] J.A. Grant-Jacob, B. Mills, M.N. Zervas, Live imaging of laser machining via plasma deep learning, Optics Express 31(25) 
(2023) 42581-42594. 
[7] B. Mills, D.J. Heath, J.A. Grant-Jacob, R.W. Eason, Predictive capabilities for laser machining via a neural network, Optics 
Express 26(13) (2018) 17245-17253. 
[8] O. Buchnev, J.A. Grant-Jacob, R.W. Eason, N.I. Zheludev, B. Mills, K.F. MacDonald, Deep-Learning-Assisted Focused Ion 
Beam Nanofabrication, Nano Lett. 22(7) (2022) 2734-2739. 
 


	Real-time femtosecond laser cleaning of microcontaminants using deep learning
	Yuchen Liu*1, James A. Grant-Jacob1, Yunhui Xie1, Fedor Chernikov1, Michalis N. Zervas1, and Ben Mills1

