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ABSTRACT 

Commercially available advanced manufacturing devices, such as 3D printers or laser 

marking systems, allow for creating multi-material 3D composites or laser-material 

processing at very high resolutions. From an appearance fabrication viewpoint, this 

brings a huge potential for reproduction of a variety of objects (e.g., cultural heritage 

artifacts) or creating disruptive products never possible before.  

Appearance simulation, i.e., prediction of the output, fabricated appearance as a function 

of material arrangement in a 3D multi-material grid, or laser parameters for a laser 

marking system, is arguably the main challenge in any appearance management 

workflow. In this talk, I argue that data-driven approaches have an immense capacity for 

accurate and efficient appearance prediction. Unlike physical models that rely on the 

sophisticated relationship of highly specialized measurements, data-driven models count 

on the power of big but simple to acquire data. In the case of 3D printing, the modeling 

relies on machine learning techniques that have already become standard, widespread 

tools for many engineering disciplines. This intrinsic simplicity of data-driven models 

increases the likelihood of adoption by the research community as well as the industry.  
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In the case of laser marking, it is however challenging to find marking configurations 

that create colorful, high-resolution images. The brute-force solution to the gamut 

exploration problem does not scale with the high-dimensional design space of laser 

marking. Moreover, there exists no color reproduction workflow capable of reproducing 

color images with laser marking. Here, we propose a measurement-based, data-driven 

performance space exploration of the color laser marking process. We formulate this 

exploration as a search for the Pareto optimal solutions to a multi-objective optimization 

and solve it using an evolutionary algorithm. The explored set of diverse colors is then 

utilized to mark high-quality, full-color images.  

 


