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Abstract:

Collaborative robots are becoming very common in manufacturing industry because of their ability to
work with humans safely without a cage around them. In the event of a collision collaborative robots
are guaranteed not to jeopardize the safety of the human. However, a collision with a collaborative
robot still requires the robot to stop completely and be started by an engineer which can cause
significant decrease in throughput of the manufacturing line. Thus, collaborative robots need to avoid
collision and maintain the highest throughput. Speed and separation monitoring (SSM) approaches
are researched and developed to minimize collision and robot downtimes. There are also dynamic
speed and separation monitoring approaches where the robot’s and human’s speed and positions are
factored in for more optimized SSM. However, the SSM approaches only assess the position and speed
of the human but does not care about human’s physical and mental state while working with a robot.
If a person is not comfortable with or scared of a robot, there performance can degrade and resit to
collaboration with the robot. We developed approaches where human comfort is assessed and
factored into dynamic SSM approach to control the robot’s motion to ease human discomfort. We
measure human comfortability through physiological signals such as pupil size, heart rate, heart rate
variability and galvanic skin response to determine their emotional state based on circumflex model. In
addition, we provide the human an AR set (Microsoft HoloLens Il) to increase their situational
awareness and improve their comfort level without sacrificing productivity. We have run four human
subject tests with regards to dynamic SSM, comfortability index estimation, human emotion estimation
through physiological data and face image, and situational awareness assessment through AR
headset. Our experimental results shows that including mental and emotional state (comfort) and
situational awareness through AR can improve their performance and the throughput of the
manufacturing line.
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