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Fig.1 Research logic framework and technical system overview of online monitoring technology for laser drilling
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Fig.2 Principle of monitoring of acoustic emission technology
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Fig.3 Depth extraction method of acoustic emission technology in laser drilling
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Fig.4 Acoustic emission technology for monitoring of stage identification of the laser drilling
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Fig.5 Spectral signal monitoring of laser drilling plasma evolution
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Fig.6 Photodiode online monitoring system and its experimental results
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Fig.8 Application of visual information monitoring in the laser drilling depth
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Review on Online Monitoring Technology During Laser Drilling Holes

HEJ ingel’2’3, ZHAO Wanqin1’2’3, SUN Tao'"*’, ZHONG Yuanhua'*”,
XUE Bozhong"*?, LI Jiasi"*’, MEI Xuesong'*’
(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
3. Shaanxi Key Laboratory of Intelligent Robots, Xi’an Jiaotong University, Xi’an 710049, China)

[ABSTRACT]

sectors such as aerospace, new energy, and microelectronics. Owing to its non-contact nature, high accuracy, and broad

Laser drilling is a key enabling process in precision manufacturing and is widely used in high-end

material compatibility, it has become a core solution for producing millimeter and micrometer scale holes. However, the
highly coupled multiphysics interactions between the laser and the material, together with incomplete understanding of
the underlying mechanisms and the difficulty of real-time defect diagnosis, hinder process optimization and productivity
improvement. Accordingly, online monitoring during drilling has become an essential approach to enhance process
controllability and quality consistency. This paper systematically reviews recent advances in online monitoring technologies
for laser drilling. Both passive monitoring methods (acoustic emission, photoelectric signals, and visual information) and
active monitoring methods (optical coherence tomography, synchrotron X-ray imaging, and laser confocal microscopy) are
discussed, with an emphasis on their monitoring capabilities and applicable scenarios. Current challenges are identified,
including ambiguous correlations between monitoring signals and hole geometrical/quality parameters, signal attenuation
in high-aspect-ratio drilling, and insufficient robustness to interference under complex operating conditions. Finally,
future directions are outlined in terms of modular monitoring instrumentation, multimodal data-fusion, and closed-
loop processing-monitoring control systems, aiming to facilitate the transition of these technologies from laboratory
demonstrations to engineering practice and industrial deployment.

Keywords: Laser drilling; Monitoring; Processing Status Recognition; Passive monitoring; Active monitoring
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