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Abstract 

Anthropomorphic Robot Hands (ARHs) are versatile end-effectors in assistive systems, designed to mimic human hand 
dexterity for complex manipulation tasks. Their ability to interact with diverse objects, from rigid tools to delicate, 
deformable items, makes them invaluable for supporting daily activities across a wide range of applications. While 
significant progress has been made in grasping rigid objects, grasping deformable objects with multi-fingered hands like 
ARHs remains an open challenge. This research investigates and develops learning-based grasp synthesis methods for 
deformable objects using ARHs. The research begins with the development of an assistive system for human-guided 
grasp synthesis of rigid objects, integrating a vibrotactile-enabled flex-glove, virtual simulation, and an underactuated 
ARH1 (InMoov hand). Leveraging a physics-based simulation environment, a grasp evaluation platform was developed in 
CoppeliaSim to synthesize, validate, and analyze grasps using grasp quality indices (GQIs) from the literature. This 
investigation revealed that the grasp capability of ARH1 was limited by its underactuated 1-DOF thumb. A second-
generation hand, ARH2, was developed with a fully actuated 4-DOF thumb to enhance grasping capability. An affordable 
and personalizable carpometacarpal (CMC) joint tracking device and a kinematic algorithm were developed to map 
human thumb motion to the kinematically different robot thumb. This combination enabled dexterous grasp synthesis 
across a range of object shapes and sizes with the ability to track thumb motion in addition to the motion of the other 
fingers. A custom teleoperation system was interfaced with a high-fidelity simulation developed in NVIDIA Isaac Sim to 
interact with digital volumetric deformable objects based on human-guided demonstrations to research machine 
learning algorithms for grasp synthesis using ARH2. The first investigation employs human-guided demonstrations 
augmented with synthetic data to build an expanded demonstration dataset for Behavioral Cloning (BC). A transformer 
BC policy trained on this dataset showed improved action prediction and enabled successful grasp execution on held-out 
deformable object shapes (cylinders and cuboids) in Isaac Sim. The second investigation develops an optimization-based 
geometric grasp generation pipeline for ARH2, coupled with reinforcement learning (RL) for deformable grasp 
modulation. The geometric stage generates and validates ARH2 target grasps for cylinder and cuboid object families 
using physics-based simulation, providing reference poses for the RL policy. The RL policy then learns residual actions 
around these reference grasps, improving deformable grasp robustness under variations in object geometry and material 
properties. Overall, this research investigates and extends learning-based grasp synthesis methods for ARHs interacting 
with rigid and deformable objects by leveraging human-guided demonstrations and synthetic augmentation for BC policy 
learning, and by combining geometric grasp generation with RL for deformable grasp modulation. The combined results 
demonstrate how complementary machine learning methods can advance scalable and robust ARH deformable grasping 
pipelines. 
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