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This talk introduces a computational method for generating digital twins of the 3D 
morphology of (functional) materials through stochastic geometry models, calibrated 
by means of 2D image data. By means of systematic variations of model parameters a 
wide spectrum of structural scenarios can be investigated, such that the corresponding 
digital twins can be exploited as geometry input for numerical simulations of 
macroscopic effective properties [1,2,3]. For calibrating models that can generate 
virtual 3D microstructures by stochastic simulation, generative adversarial networks 
(GANs) have gained an increased popularity [4]. While GANs offer a data-driven 
approach for modeling complex 3D morphologies, the systematic variation of model 
parameters for generating diverse structural scenarios can be difficult. In contrast to 
this, relatively simple models of stochastic geometry (e.g., based on Gaussian random 
fields) allow parameter-driven structure variations, but can fall short in mimicking 
complex morphologies. Still, these “simple models” can be used to construct more 
advanced parametric stochastic geometry models (like excursion sets of more general 
random fields, or random tessellations induced by marked point processes). However, 
with increasing model complexity the calibration of model parameters to image data 
can become increasingly difficult. Combining GANs with advanced stochastic 
geometry models can overcome these limitations and, in addition, allows for the 
calibration of model parameters solely based on 2D image data of planar sections 
through the 3D structure [5]. These parametric hybrid models are flexible enough to 
stochastically model complex 3D morphologies, enabling the systematic exploration of 
different structures. Moreover, by combining stochastic and numerical simulations, 
the impact of morphological descriptors on macroscopic effective properties can be 
investigated and quantitative structure-property relationships can be established. 
Thus, the presented method, allows for the generation of a wide spectrum of virtual 
3D morphologies, that can be used for identifying structures with optimized 
functional properties. 
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