
Task 2. Skill Library For Grasping
• Learn to Grasp with Less Supervision: A Data-

Efficient Posterior Grasp Sampling Loss [3]

Safe and Efficient Robot Collaboration System
for Next Generation Intelligent Industrial Co-Robots

Award ID#: 1734109

2021 NRI & FRR Principal Investigators' Meeting
March 10-12, 2021

Jessica Leu, Yujiao Cheng, Xinghao Zhu, Shiyu Jin, Liting Sun, Changliu Liu∗ , and Masayoshi Tomizuka
Graduate Student            Graduate Student              Graduate Student        Graduate Student            Postdoc        Professor                                                      Professor (PI)

http://msc.berkeley.edu
Department of Mechanical Engineering, UC Berkeley, CA, USA.
* Currently with Robotics Institute, Carnegie Mellon University, Pittsburgh, PA, USA.

The proposed SERoCS will lead to safe and efficient human-robot 
collaboration as well as safe robot-robot collaboration, both of which are 
essential in factories of the future. The major impacts are:
• Different modules (perception, prediction, and planning) involved in Co-

Robot system will be developed and open source to public to provide 
better solution and inspiration.

• Several Evaluation metrics for the co-robot system have been proposed. 
A demo of SERoCS system is presented.

CHALLENGES AND OVERVIEW
Moving robots out of cages and deploying them into flexible production lines will be an 

inevitable trend, and factories of the future are anticipated to be spaces where humans and robots 
co-exist [1].
Objective: to establish a set of design principles of safe and efficient robot collaboration systems 
(SERoCS) for the next generation co-robots.
Task 1. Environment Monitoring with Human Motion Prediction 
Task 2. Task Planning and Skill Library
Task 3. Safe and Efficient Motion Planning and Control in Real Time 
Task 4. Evaluation of the SERoCS by Analyses, Simulations and Experiments 

SCIENTIFIC IMPACTS

SOLUTIONS

Society : Introducing SERoCS to factories 
can reduce the chances of accidents and 
make the best use of these robots. 

Education: This project was exhibited on CalDay, 
the open-house of Cal. Undergraduate student 
researchers joined for research experience.

Potentials: This project is one of the very first that has emphasized on not only robot 
skills but the whole robot system including human in industrial settings. SERoCS
idea may be applied to non-factory environments involving robots and human.
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Task 2. Task planning [2] Task 3. Real Time Safe and Efficient Motion 
Planning and Control 
Motion planning algorithm: RRT*-CFS [4] 
• Combining optimization-based algorithms and  sample-

based algorithms for better overall optimality while 
maintain convergence guarantee. 

• The RRT*-CFS motion planner has stochasticity to avoid 
bad local optima and inherits the CFS properties of 
convergence.

• Planning results

Task 4. Evaluation and Experiment
• Task

• Experiment
• Optimization-based task 

planning with task 
context

• Constructing the task 
model

 Sequential nodes: their child nodes must be 
executed in the order from left to right, 
which is denoted by the operator →.

 Parallel nodes: their child nodes can be 
executed in parallel, which is denoted by ∥.

 Independent nodes: their child nodes can 
be executed in any orders, which is 
denoted by ⊥.

⊥

∥→

• Grasp models 𝑓𝑓𝜃𝜃 are 
trained to recover 
ground-truth grasp 
distributions with 
limited observations, 
such that 

• Results demonstrate 8x 
more data-efficient than 
previous works with 
similar physical 
grasping success rate at 
91.8%.
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where �𝐺𝐺 is a set of success grasp labels; �𝜙𝜙𝑖𝑖, �𝑤𝑤𝑖𝑖
are success grasp labels at pixel �𝑝𝑝𝑖𝑖; �𝜙𝜙𝑖𝑖 ,
�𝑤𝑤𝑖𝑖 are predicted grasp at the same place

t: completion time                        𝐶𝐶: capability set
𝑥𝑥𝑟𝑟: assignment for the robot         𝐶𝐶ℎ: human's capability set
𝑥𝑥ℎ : assignment for the human     𝐶𝐶𝑟𝑟: robot's capability set
𝑡𝑡0 : the time human takes to complete the current action
𝑡𝑡1 : the time human takes to complete the assigned actions
𝑡𝑡2 : the time robot takes to complete the assigned actions
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