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ABSTRACT

Grasping a target object among clutter objects without collision requires machine intelligence. Machine intelligence includes environment
recognition, target & obstacle recognition, collision-free path planning, and object grasping intelligence of robot hands. In this work,
we implement such system in simulation and hardware to grasp a target object without collision. We use a RGB-D image sensor to recognize
the environment and objects. Various path-finding algorithms been implemented and tested to find collision-free paths. Finally for an
anthropomorphic robot hand, object grasping intelligence is learned through deep reinforcement learning. In our simulation environment,
grasping a target out of five clutter objects, showed an average success rate of 78.8%and a collision rate of 34% without path planning.
Whereas our system combined with path planning showed an average success rate of 94% and an average collision rate of 20%. In our
hardware environment grasping a target out of three clutter objects showed an average success rate of 30% and a collision rate of 97%
without path planning whereas our system combined with path planning showed an average success rate of 90% and an average collision
rate of 23%. Our results show that grasping a target object in clutter is feasible with vision intelligence, path planning, and deep RL.

Keywords : Anthropomorphic Robot Hand, Reinforcement Learning, Path Planning, Object Detection
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Fig. 1. Overview of the Proposed Collision-free Target Object Grasping System - Simulation Systems
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Table 1. Performance Comparison of Path Planning Algorithms
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Table 2. Target object grasping success rate in simulation(%)
(number of occurrences of object collisions)

Path Length (m) Time (sec)
Mean(STD) Mean(STD)
A 0.53 (£0.12) 3.90 (£2.85)
Bi-A* 0.54 (£0.13) 1.86 (£1.51)
RRT 1.14 (£0.42) 2.84 (£6.08)
Extended_RRT 0.85 (£0.21) 0.06 (£0.07)
RRT-Connect 0.70 (£0.29) 0.02 (£0.02)
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Fig. 6. (a) Raw RGB Image in Hardware-Toy, Ball, Bottle,
Box (b) Result of Image Object Detection by Mask R-CNN
(c) Recognized Target Object (Blue) and Obstacles(Red)
in the 3D Point Cloud
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Table 3. Target Object Grasping Success Count in Hardware
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Fig. 8. Object Grasping in Clutter (a) Grasping toy in Clutter Without Path Planning (Note Collision with Box)
(b) Grasping toy with Path Planning (No Collision)
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