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Thubber – Thermally Conductive Rubber
Thubber is an elastomer composite that has high thermal conductivity 
and rubber-like elasticity
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Softer than skin • Modulus ~ 100 kiloPascals
Stretchable • Strain limit ~ 600%
Tear resistant • Fracture Toughness > 10 kJ/m2

Metal-like thermal conductivity • up to 10 W/m-K

Thubber is a patented technology 
exclusively licensed to Arieca

Thubber

IR	camera	of	a	high	power	LED	on	top	of	Thubber	and	silicone	elastomer,	
demonstrating	long	time	application	of	the	LED	on	Thubber	with	cool-as-
touch	temperatures.	

Thubber



9 unique customers, since June 2018
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These	customers	were	mainly	in-bound	inquiries	generated	from	our	press	
releases	and	scientific	publications.	
	



Emerging Applications R&D

NASA SBIR Phase I awarded in July 2018  
to explore uses of Thubber in space technologies

NASA-General Motors Space Suit Robotic Glove

Tactile Sensor with Absolute Optical Proximity Detection using
Short-Range Time-of-Flight

Eric J. Markvicka, Jonathan M. Rogers, and Carmel Majidi

Abstract— Robots that are designed to operate in unstruc-
tured environments are often augmented with long range
sensors (LIDAR, RGB-D cameras) to probabilistically map
their environment. However, these long range sensors lack the
resolution (e.g. ±30mm for the Hokuyo UTM-30LX) to provide
detailed information about the environment, resulting in large
uncertainty during manipulation. Here we present a compact
tactile sensor with absolute short-range proximity sensing (0 to
100mm, ±1mm) that can be placed on a robotic manipulator
and provide “last mile” sensing to reduce uncertainty and
circumvent occlusions. We characterize each of the sensors
individually and demonstrate the system on Robonaut 2, an
anthropomorphic robot designed to work in environments
designed for humans. The multimodal fingertip sensor combines
infrared (IR) proximity, time-of-flight absolute range sensing,
and a piezo-resistive pressure sensor. We utilize a pulse oximeter
for multispectral proximity sensing, enabling the robot to
provide medical monitoring during an emergency.

I. INTRODUCTION

As highly specialized robots move out of the factories
and into our homes they will be required to perform a
multitude of tasks [1], [2]. This shift from specialized to
general purpose robots requires the integration of sensors to
provide information for object recognition and localization
and advanced algorithms to interpret these data streams.
While these long range sensors have enabled mobile robots to
autonomously navigate in a variety of environments, robotic
manipulators often have difficulty manipulating objects be-
cause of the large uncertainty due to the lack of resolution.

For unstructured manipulation tasks, humans far exceed
the capabilities of robotic manipulators. During manipula-
tion, human skin plays an especially critical role in providing
rich information about physical properties and contact, while
human vision only provides indirect information [3]. Mim-
icking human skin for tactile sensing is a grand challenge that
could provide robots with sensory perception that potentially
matches or exceeds the performance of natural human ma-
nipulation [4]. While there has been significant development
of artificial tactile sensors [5], and even commercial products
[6], tactile sensors are rarely deployed within practice [7].

Here we present a compact (12.5x6.2x2mm), low cost
tactile sensor for force, optical proximity, and absolute
range sensing that can be integrated into existing robotic
manipulators. The tactile sensor combines low-power inte-
grated circuits on a flexible printed circuit board (PCB) that
is embedded within a soft, silicone elastomer. A custom

E. J. Markvicka and C. Majidi are with the Integrated Soft Materials
Lab, Robotics Institute, Carnegie Mellon University, Pittsburgh, PA 15213
cmajidi@andrew.cmu.edu

J. M. Rogers is with NASA Johnson Space Center, Houston, TX 77058

Fig. 1. Robonaut 2 augmented with fingertip sensors for force and optical
proximity sensing. The sensor is adhesively attached to each finger on the
inner distal phalanx, with wireless control board and battery attached to the
exterior of the phalange.

wireless control board is coupled with the sensor for signal
processing, power regulation, and wireless transmission of
data. Each of the sensors are individually characterized and
the system is integrated with an existing robot. The robotic
experiments were performed at the NASA Johnson Space
Center in Houston, TX with Robonaut 2 (R2), a humanoid
robot designed to work in environments designed for humans
[2]. The tactile sensor enables R2 to perform proximity
and contact sensing, take the vital signs of a human, and
perform local environment mapping to reduce uncertainty
and mitigate the effects of occlusion. We demonstrate that a
multispectral optoelectronic device for blood oxygen analysis
(pulse oximeter) can be used as an optical proximity sensor.

II. RELATED WORK

Tactile sensing is used in robotic manipulation to provide
information about physical contact, external stimulation, and
environmental conditions. In manipulation, tactile sensors

measure physical properties (hardness, shape, texture) and
contact (force, position). These measurements can be used as
control parameters within manipulation algorithms to provide
online grasp adjustment, contact estimation, slip detection, or
object recognition. Several researchers have developed tactile
sensors for robot manipulators based on different transduc-
tion mechanisms, including resistive [6], piezoresistive [8],
capacitive [9], mechanical displacement [10], and optical [11],
[12]. While contact sensors in unstructured environments
would provide valuable information about the uncertainty of
contact or material properties, they are rarely integrated with
robotic manipulators. Nonetheless, since the 1970s there has
been continued interest in developing new and innovative
tactile sensors [13], including efforts to introduce commercial
products [6], [8].

While tactile sensors are imperative for dexterous manipu-
lation, proximity sensors can be used to provide the critical
“last mile” sensing between object detection (data from long
range sensors) and contact. One limitation of many previously
reported proximity sensors is the dependence on bulk material
or surface properties, making it difficult to calculate absolute
distance from the sensor. The response of light reflectance
sensors are highly non-linear and depend on surface re-
flectivity, orientation, and texture [11], [12]. Capacitive and
inductive proximity sensing depends on the bulk material
properties (conductivity) [14]. Mechanical displacement can
also be used to detect proximity but this approach requires
contact and therefore is also dependent on material properties
(stiffness) [10].

Recently, researchers have placed cameras at the point of
manipulation to provide rich information about the object
such as force, texture, or hardness using specialized lighting
and reflective coatings [15], [16]. Similarly, transparent films
with markers provide information before and after contact for
highly textured objects [17]. While these approaches provide
rich information during manipulation they are computation-
ally expensive and sacrifice dexterity because of the overall
size of the sensor.

III. RESULTS AND DISCUSSION

A. Fabrication Methodology

The system presented here is thin and lightweight and
designed to enable easy integration with existing systems.
Although the focus here is a hardware implementation, the
tactile skin is intended to function as a testbed to evaluate
and improve algorithms for online grasp adjustment [18], slip
detection [19], or state estimation [20]. Figure 1 shows the
integration of the tactile sensor with the right hand of R2. The
system consists of a tactile sensor on a flexible PCB, wireless
control board, and coin cell battery (CR1220, Panasonic)
(Fig. 2(a)). The tactile sensor includes a barometer embedded
within elastomer as a pressure sensor and pulse oximeter
for proximity detection and vital monitoring (Fig. 2(b)). A
second version of the sensor was developed featuring an
absolute range sensor (Fig. 2(c)). A custom wireless control
board is used to collect, process, and transmit the signals
from the tactile sensor. The control board is built around an

Fig. 2. Tactile sensor with wireless control board. (a) Photograph of tactile
sensor with wireless control board and coin cell battery with close up views of
the two variations of the fingertip sensor shown in (b) and (c). (d) Photographs
of the wireless control board.

ultra-low power Bluetooth low energy SoC with Cortex-M4F
processor (nRF52, Nordic). The control board also includes
power management circuitry (3v, 1.8v) and low profile board-
to-board connectors (SlimStack, Molex) to interface with the
tactile sensor and battery. The absolute range sensor that was
selected requires more current than the coin cell battery can
supply. A lithium ion polymer battery (3.7v) was used for all
absolute range sensing experiments.

B. Contact sensing

For contact sensing, we selected a barometer (BMP280,
Bosch) with high accuracy and long term stability. The sensor
has a high resolution (0.16 Pa), small footprint (2.5x2x1mm),
and low power consumption (2.7 µA at 1Hz). For charac-
terization, the sensor was subjected to a compressive load
and hold deformation profile (�0.7 to �0.1 N), as shown in
Fig. 3(a). The compressive load was applied by a materials
testing machine (5969, Instron) using a 3 inch hemispherical,
silicone elastomer indenter (PDMS, Sylgard 184 mixed at a
10:1 oligomer-to-curing agent ratio, Dow Corning). Although
the barometer is calibrated at the factory, each barometer has
a different baseline pressure. Moreover, this baseline pressure
changes when we modify the chip for integration with the

Electronic Sticker developed by Dr. Eric Markvicka (Arieca Design Engineer) and 
Dr. Carmel Majidi (Arieca CEO) for NASA-General Motors Robonaut 2
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