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In this thesis, we address the challenge of enabling robots to perform complex manipulation tasks that
involve physical contact interactions in real-world environments. Identifying efficiency in learning in
the real system and estimating object's representation as key challenges, this thesis studies the
following three pivotal questions.

The first question is, “How can we train high-control-performance and sample-efficient RL
policies?”. To answer this question, Chapter 2 investigates whether increasing the input
dimensionality enhances model-free deep RL algorithms' performance and sample efficiency. We
introduce an online feature extractor network (OFENet) that employs neural networks to deliberately
generate high-dimensional representations to serve as inputs for deep RL algorithms. In Chapter 3,
we propose a novel method comprising 1) wider networks with DenseNet connections, 2) decoupling
representation learning from RL training using the OFENet, and 3) a distributed training approach to
further train a larger model.

The second question is, “How can we estimate an object’s representation for performing
manipulation?”. Chapter 4 proposes H-SAUR, a probabilistic generative framework that
simultaneously generates a distribution of hypotheses about object articulation, captures the
uncertainty of these hypotheses over time, and infers actions for exploration and manipulation. In
Chapter 5, we introduce Tactile-Filter, which combines tactile sensing with the probabilistic
estimation framework developed in Chapter 4 to address a general connector part mating task.

Finally, the third question is, “How can we solve a dexterous manipulation task?”. Chapter
6 tackles the problem of stably stacking a highly irregular object on top of an unknown tower. We
utilize the probabilistic estimation framework developed in Part II to reliably estimate an extrinsic
contact patch between the grasped and bottom objects, and input it into the RL framework, developed
in Part I, to learn a policy that guides the robot towards stable configurations.

The conclusion in Chapter 7 summarizes the answers to the above questions, highlighting the
importance of the RL framework that improves sample efficiency and control performance and the

probabilistic framework that allows robots to estimate the essential object's representations from

interactions.
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