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Abstract

Laser beams are advantageous tools for materials texturing. The absorption of the energy delivered by the laser is a key parameters for the interaction. The use
of middle-range infrared wavelength (10.6 um) allow great absorption by all kind of silicate glass. Moreover, ultra-short pulse (ultra-high intensity) laser also
allow good absorption by non-linear effect on a large range of materials. Despite a good knowledge of the light-matter interaction in the literature, decorative
industrial processes of glass involve numerous aspects that significantly increase the difficulty for material texturing, i.e. unknown material properties from glass
manufacturers, lack of quantitative indicators for material texturing characteristics and experience-based process parameters optimization. This collaboration
project aims to create a system that solves those problematics by, first, studying the laser-matter interaction processes that are viable for industrial decoration
of silicate glass. Second, setup a characterization system that extracts all the information from the glass surface required for decorative purposes. Third,

translate visual information into laser beam process parameters.

Lasers : cw-CO2, pico-Yb:YAG
Displacement : Galvo Mirrors

Engraving System

Ex-situ measurements of Visual Appearance characteristics :
Microscale : Bidirectional Reflectance Distribution Function (BRDF)

Mesoscale : Texture characteristics from Texture Classification Algorithm
Driver Macroscale : Shape of the engraved area (erosion, distortion, ...)
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Predicting Algorithm

Aesthetic engraving

Academic dimension

Study the light-matter interaction of different laser on industrial glass.

Simulate with Finite Element Methods (FEM) thermal cycles effects on glass physical
properties and surface characteristics, especially transient thermal stress and stress
relaxation phenomena when above Tj,.

Quantitatively define engraving appearance of glass for decoration purpose. This
methods will be extended to other transparent media.

Use predicting algorithms based on machine learning to translate engraving
appearance to laser engraving process parameters.

Industrial dimension

This projects aims to narrow the frontier between Art and Science. This system will
ease the use of lasers for decoration purposes by giving the possibility for designers to
have 3D models of the glass surface texture and directly work with appearance
parameters.

The development of a systematic method for transparent material texturing will allow
to reduce the time required to find the desired process parameters and save high
value-added material.
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Machine learning prototype

Machine Learning : One Generation process
Random exploration of the Attribute the measured value to Predict zone of best result and
parameters sets the points invert the problem
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Engraving instruction : Matrix of 24 vertical lines of 2 mm a Q
Characterization tool : USB Camera ir

Optimization criterion : Maximize vertical length
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