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ABSTRACT OF DISSERTATION 
Reinforcement learning offers a promising framework for robotic manipulation, but practical robotic tasks often involve sparse rewards, 
high-dimensional observations, limited demonstrations, and long-horizon structure. These challenges are especially difficult in surgical 
robotics and multi-step manipulation, where successful behavior depends on precise perception, effective use of demonstration data, and 
correct sequencing across task phases. 
  
This dissertation investigates reinforcement learning for robotic manipulation under sparse rewards, demonstrations, and long-horizon 
task structure. First, it evaluates visual demonstration learning for surgical robotic reaching using image-based observations. The results 
show that behavior cloning and TD3+BC learn strong reaching policies from visual demonstrations, while online reinforcement learning 
struggles under sparse rewards. 
  
Second, this dissertation examines the broader landscape of long-horizon reinforcement learning for robotic manipulation through a 
scoping review. The review identifies major trends in task domains, observation spaces, algorithmic components, and evaluation practices, 
while highlighting gaps in horizon definition, reproducibility, and standardized reporting. 
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Finally, the dissertation introduces algorithmic frameworks for improving long-horizon manipulation learning. Reward-Aligned Expert 
Sequencing decomposes a block-stacking task into semantically meaningful sequential reward-paired phases, improving performance 
relative to standard model-free baselines under identical training budgets. Equivalent-State Q-Learning addresses mixed-quality 
demonstrations by linking recoverable states in failed or partial trajectories to equivalent states in successful demonstrations, allowing 
imperfect data to provide useful learning signals. 
  
Together, these studies show that robotic reinforcement learning can benefit from explicitly exploiting structure in visual observations, 
demonstrations, rewards, and task progression. The dissertation contributes empirical evidence on visual demonstration learning in 
surgical robotics, a scoping review of long-horizon reinforcement learning for robotic manipulation, and algorithmic frameworks for 
learning under sparse rewards and imperfect demonstrations. 
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