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Abstract:  Co-robotics involves humans and robots working together safely in the 
same shared space as a team. This motivates physical Human-Robot Interaction (HRI) 
systems that adapt to different humans and have guaranteed robustness and stability 
properties. For modern interactive HRI systems to be capable of performing a wide 
range of tasks successfully, it is required to include the effects of both the robot 
dynamics and the human operator dynamics. In this talk we propose three adaptive HRI 
control systems that assist the human operator to perform a given task with minimum 
human workload demands and improved overall human-robot system performance.   

Human performance neuropsychological and human factors studies have shown 
that in coordinated motion with a robot, human learning has two components. The 
operator learns a robot-specific inverse dynamics model to compensate for the 
nonlinearities of the robot, and simultaneously learns a feedback control component 
that is specific to the successful performance of the task. These foundations can be 

incorporated in the design of HRI control systems that include the effects of both the robot dynamics and the human 
dynamics by using a 2-loop design procedure. 

In this talk, we develop an adaptive HRI control structure consisting of two control loops. First, a robot-specific 
neuro-adaptive controller is designed in the inner loop to make the unknown nonlinear robot behave like a prescribed 
robot impedance model as perceived by a human operator. In contrast to most existing neural network and adaptive 
impedance based control methods, no information of the task performance (e.g. specifically no reference trajectory 
information) is required in the inner loop. Then, a task-specific outer-loop controller is designed to find the best 
parameters of the prescribed robot impedance model to adjust the robot’s dynamics to the operator’s skills to effectively 
perform a given task. The outer loop includes the human operator dynamics and all the task performance details. Given 
the inner-loop neuro-adaptive robot controller, three different outer loop designs are given for robot-assisted task 
performance.  Experimental results on a PR2 robot demonstrate the effectiveness of this approach in using the robot to 
improve the human’s performance of a motion task. 
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