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ABSTRACT OF DISSERTATION
Efficient and Robust Inverse Reinforcement Learning for Complex and Dynamic Environments

The rapid advance of reinforcement learning has motivated many real-world applications, including robotics, autonomous driving, and
intelligent energy. However, selecting a proper reward function for domain applications has been a classical challenge. The inverse
reinforcement learning (IRL) method provides a unique angle to recover the reward function from the expert or demonstration. This
dissertation develops three novel IRL frameworks to improve efficiency, robustness, and generalization: (1) e-IRL, which performs feature-
expectation based reward recovery to avoid costly state visiting frequency estimation and scale to high-dimensional problems; (2) Multi-
Virtual-Agent Inverse Reinforcement Learning (MVIRL), a multi-virtual-agent framework that trains weight-shared agents across perturbed
environments to learn rewards robust to noise and uncertain factors; and (3) Contrastive Inverse Reinforcement Learning (CIRL), which
combines self-supervised contrastive representation learning with maximum entropy IRL by using momentum encoders and reward
regularization for sample-efficient, personalized, and more generalizable reward learning. We extend the proposed methods to microgrid
optimization and autonomous driving. The results show less utility cost and better human-like driving behavior, respectively, compared to
state-of-the-art Imitation Learning (IL)/IRL baselines.
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