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Introduction

Human-Inspired Vision-Based Reaching and Grasping for Assistive Robotic Arms with Reinforcement Learning Motivation:

• Improving the lives of those with severely upper limb motor impairments via a semi-autonomous assistive robotic arm [1]. • Current assistive robotic arms require some voluntary movements to control a joystick for complex reach-to-grasp. • Human-inspired approaches and AI algorithms might offer better solutions to tackle the complexity of reach-to-grasp in assistive robotic arms [2].

Objectives:

• Adopting human-inspired approaches to explore the challenge of reach-to-grasp within vision-based robotic arms. 

Simulation Pipeline & Q-Learning:

• Employed PyBullet virtual environment, OpenAI Gym, and PyTorch

• Update rule: goal is convergence to optimal Q* and therefore π*

• In classic RL solved by tabular approach

Deep RL:

• Estimate optimal Q-function with CNNs:

• Minimize loss function:

• Perform update:

• Reward functions: depends on distance to the mug and punish total steps Results (Cont.) 

Translational Neurorobotics Lab

Effect of Reward Functions:

Results • Overall, the algorithm achieved better performance using the reward function R3. 

Summarized results (SG: successful grasp):

• R3 outperformed in comparison to R1 and R2

• We achieved 90.03% success rate for an autonomous 3D reach-to-grasp task in an assistive robotic arm trained using deep RL. • As future steps:

• Implementing the pipeline using real physical robotic arm and exploring more daily objects through our development pipeline.

• Collecting data from human subject during performing natural 6D reach-to-grasp tasks.

• Training the vision-based robotic arm using human-inspired 6D grasp pose.

• Developing shared autonomy algorithms to enable the paralyzed patients to interact with the assistive robotic arms for performing daily manipulation tasks. 

•

  Developing deep reinforcement learning (deep RL) algorithms to train an assistive robotic arm for reach-to-grasp tasks. • Optimizing the reward function for convergence of training in shorter time of training.
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 1 Figure 1: Upper panel: Q-learning update rule. Down panel left: an image of real assistive robotic arm with 6 DOF. Down panel right: the simulation setup with virtual RGB-D cameras.The robotic arm attempts to reach and grasp the mug using 3D translational motions (X, Y, Z).
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 3 Figure 3: Left plot: the success rate of deep RL algorithm using the three different reward functions. Right plot: corresponding steps required for training the deep RL algorithms.
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 4 Figure 4: Training and success rate of the deep RL algorithm using the reward function R3.
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Figure 2 :

 2 Figure 2: Upper panel: CCN structure within the deep RL pipeline. Lower panel: the deep RL pipeline from the input (e.g. RGB images) to output actions to command the robotic arm
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