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Prediction of contact forces is essential for robotics, virtual prototyping, and physically
based rendering of deformable objects. However, modeling viscoelastic adhesion and
rough-surface multi-asperity interactions remains computationally expensive, limiting
their use in real-time applications [1]. Based on our previous efforts [2], we present a
data-driven framework that learns the full-time evolution of adhesive forces in viscoelas-
tic Hertzian contacts and generalizes these predictions to multi-asperity and rough-
surface settings. Our method begins with high-fidelity single-asperity simulations or
experiments, from which we construct a coherent global time–displacement represen-
tation of viscoelastic indentation. We then train several stateful sequence-to-sequence
neural networks (CNN-based and LSTM-based architectures) to predict the correspond-
ing time-resolved adhesive force response. The models successfully learn rate effects,
hysteresis, and unloading behavior directly from data, enabling fast and stable inference
suitable for interactive applications. Figure 1a illustrates the single-asperity Hertzian
model, and Figure 1b shows the learning performance of the four architectures evalu-
ated. Finally, following proven concepts in multi-asperity modeling [3], we embed the
learned single-asperity response into a multi-asperity formulation with a global reference
surface. This framework lays the groundwork for real-time, physically accurate adhesive
contact modeling in computer graphics and animation.
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Figure 1: (a) Geometry of the viscoelastic Hertzian single-asperity model. (b) Learning
curves for the four architectures evaluated (CNN-based, LSTM-based, and hybrids).
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