The Fortieth AAAI Conference on Artificial Intelligence (AAAI-26)

MAGIC VFM-Meta-Learning Adaptation for Ground Interaction Control with
Visual Foundation Models (Abstract Reprint)

Elena-Sorina Lupu', Fengze Xie?, James Preiss’, Jedidiah Alindogan?, Matthew Anderson,
Soon-Jo Chung?

IGraduate Aerospace Laboratories, California Institute of Technology, Pasadena, CA, USA
2Department of Computing and Mathematical Sciences, California Institute of Technology, Pasadena, CA, USA
3Departrnent of Computer Science, University of California, Santa Barbara, Santa Barbara, CA, USA

Abstract Reprint. This is an abstract reprint of the jour-
nal article by Lupu, Xie, Preiss, Alindogan, Anderson, and
Chung (2025).

Abstract

Control of off-road vehicles is challenging due to the com-
plex dynamic interactions with the terrain. Accurate mod-
eling of these interactions is important to optimize driving
performance, but the relevant physical phenomena, such as
slip, are too complex to model from first principles. There-
fore, we present an offline meta-learning algorithm to con-
struct a rapidly-tunable model of residual dynamics and dis-
turbances. Our model processes terrain images into features
using a visual foundation model (VFM), then maps these
features and the vehicle state to an estimate of the current
actuation matrix using a deep neural network (DNN). We
then combine this model with composite adaptive control
to modify the last layer of the DNN in real time, account-
ing for the remaining terrain interactions not captured during
offline training. We provide mathematical guarantees of sta-
bility and robustness for our controller, and demonstrate the
effectiveness of our method through simulations and hard-
ware experiments with a tracked vehicle and a car-like robot.
We evaluate our method outdoors on different slopes with
varying slippage and actuator degradation disturbances, and
compare against an adaptive controller that does not use
the VFM terrain features. We show significant improvement
over the baseline in both hardware experimentation and sim-
ulation.
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