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A Force and Thermal Sensing Skin for Robots in Human Environments

Joshua Wade, Tapomayukh Bhattacharjee, Ryan D. Williams, and Charles C. Kemp

Healthcare Robotics Lab, Georgia Institute of Technology, Atlanta, GA, United States

Abstract

Working together, heated and unheated temperature sensors can recognize contact with different materials and contact with the human
body. As such, distributing these sensors across a robot’s body could be beneficial for operation in human environments. We present
a stretchable fabric-based skin with force and thermal sensors that is suitable for covering areas of a robot’s body, including curved
surfaces. It also adds a layer of compliance that conforms to manipulated objects, improving thermal sensing. Our open hardware
design addresses thermal sensing challenges, such as the time to heat the sensors, the efficiency of sensing, and the distribution of
sensors across the skin. It incorporates small self-heated temperature sensors on the surface of the skin that directly make contact with
objects, improving the sensors’ response times. Our approach seeks to fully cover the robot’s body with large force sensors, but treats
temperature sensors as small, point-like sensors sparsely distributed across the skin. We present a mathematical model to help predict
how many of these point-like temperature sensors should be used in order to increase the likelihood of them making contact with an
object. To evaluate our design, we conducted tests in which a robot arm used a cylindrical end effector covered with skin to slide
objects and press on objects made from four different materials. After assessing the safety of our design, we also had the robot make
contact with the forearms and clothed shoulders of 10 human participants. With 2.0s of contact, the actively-heated temperature
sensors enabled binary classification accuracy over 90% for the majority of material pairs. The system could more rapidly distinguish
between materials with large differences in their thermal effusivities (e.g., 90% accuracy for pine wood vs. aluminum with 0.5 s of
contact). For discrimination between humans vs. the four materials, the skin’s force and thermal sensing modalities achieved 93%
classification accuracy with 0.5 s of contact. Overall, our results suggest that our skin design could enable robots to recognize contact
with distinct task-relevant materials and humans while performing manipulation tasks in human environments.
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1. Introduction

Covering the surface of a robot’s body with multimodal tactile
sensors could be advantageous for numerous applications where Meka M1 Mobile
robots work in close proximity to people. For example, whole- Manipulator
arm force sensing can improve a robot’s ability to reach locations \
in clutter [1], and robots can provide better assistance with some
tasks if they’re allowed to make contact between their arms and
people [2]. More generally, a robot could use multimodal tactile
sensors to gather more information about the world when contact
occurs with people or objects in its surroundings.

While distributing force sensors across the bodies of robots
has been widely explored, other modalities for tactile sensing
over larger areas have received less attention. We previously
conducted research on thermal sensing using data collected by
handheld devices operated by humans [3]. Although we did
not conduct tests with a robot, our work suggested that robots
that operate in indoor human environments, such as homes,
offices, and healthcare facilities, might benefit from thermal
tactile sensing that uses actively heated temperature sensors
(active thermal sensors) together with unheated temperature
sensors (passive thermal sensors).
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Figure 1: Multimodal skin prototype attached to the end effector of a Meka M1
Mobile Manipulator.
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