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Figure 1 (Color online) (a) Relaxation process of excited electrons in the time scale; (b) interaction between long pulsed laser or continuous wave

laser with matter; (c) interaction between ultrashort pulsed laser with matter.
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Figure 2 (Color online) (a) Experimental setup of microphone based in-situ audible acoustic wave monitoring system for laser cleaning; (b)
relationship between the ablation rate and the peak amplitude of acoustic wave during excimer laser ablation of Si and Cu; (c) experimental setup of
piezoelectric ceramics sensor based in-situ photoacoustic signal monitoring system for laser cleaning; (d) linear regression models correlating the
relative cleaned area with the normalized photoacoustic signal for different laser fluences as well as linear regression models correlating the normalized
photoacoustic signal generated at different ablation regimes for different laser fluences.
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Figure 3 (Color online) (a) Experimental setup of spectrometer based in-situ multi-channel monitoring system for detection of plasma emission
spectra; ICCD images of nanosecond and femtosecond induced plasma (b) and their spectrums with increasing delay time (c) under similar laser
fluence; (d) plasma spectrums captured during galvanized sheet overlap welding at different welding velocities.
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Figure 4 (Color online) (a) Experimental setup of photodiode based in-situ monitoring system for plasma detection; raw photodiode signal under
fixed cutting velocity (b) and filtered photodiode signal under different cutting velocity (c) during laser cutting of ST52-Q; (d) experimental setup for
four photodiodes based in-situ monitoring system for laser welding; (e) detected optical radiation signal of welding defects based on time frequency
analysis.
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Figure 5 (Color online) (a) Experimental setup of visual sensor and close-loop control based in-sifu monitoring system for laser cutting; (b) obtained
keyhole and molten pool morphologies after gray analysis; (c) comparison of welding region morphology captured by co-axial visual sensor with and

without auxiliary illuminant.
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different welding gaps.
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Figure 8 (Color online) (a) Adaptive control based in-situ monitoring and parameter correction for laser cutting; (b) schematic of flow chart for laser
sintering based on adaptive control as well as the comparison of shear strength of welding joint before and after correction.
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Advances in in-situ monitoring technology for laser processing
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Laser processing is an advanced non-contact processing technology. Photo-physical and photo-chemical reactions are
mainly responsible for the processing of matter during the laser-matter interaction. Nowadays, laser processing has vast
application values in many fields, such as aeronautics and astronautics, automobile manufacturing, health and medical
community, instrument and apparatus and nuclear industry. With constantly deepening industrialization, higher demands
for processing efficiency and quality are raised for laser processing. Comparing to high-cost ultra-short pulsed laser, it is
more reasonable and affordable to apply monitoring technology to observe and regulate the laser processing, which can
achieve similar outcomes. The conventional off-line monitoring technology analyzes the machining process and detects
when the laser processing is finished, resulting in the poor timeliness and low working efficiency. This technology cannot
be applied in mass industrial production when dealing with complex working condition as well as workpiece with
diversified structures and components. Hence, in-situ monitoring technology has been widely employed as a necessary
supplementary means for laser processing. In this paper, the interaction mechanism between laser and matter is firstly
analyzed in the time scale. Various physical phenomena during the interaction between the laser with different pulse
durations and matter are clarified, from which the pointcut for in-sifu monitoring technology is specified. Systematic
reviews on the applied in-sifu monitoring technology during laser processing home and abroad are established. The
working principle, system configuration as well as advantages and disadvantages of the in-situ monitoring technologies
based on individual acoustic sensor, spectrometer, photodiode, visual sensor and temperature sensor are analyzed in
detail. Meanwhile, the application status including the combination of these sensors and the combination of these sensor
and artificial intelligence are elaborated. The development trend of the in-sifu monitoring technology for laser processing
based on the existing deficiencies is prospected.
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