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Abstract
We describe a novel thermal haptic output device, ThermoTouch,
that provides a grid of thermal pixels. Unlike previous devices which mainly use Peltier elements for thermal output,
ThermoTouch uses liquid cooling and electro-resistive heating to output thermal feedback at arbitrary grid locations.
We describe the design of the prototype, highlight advantages and disadvantages of the technique and briefly discuss future improvements and research applications.
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There has been significant research interest in thermalhaptic output on interactive displays for a long time. For
instance, researchers have explored the simulation of different material properties [3, 4, 6] on an interactive surface.
Other projects have focused on using thermal output as an
additional channel to convey information [9], for use as a
non-visual channel in mobile devices [10, 11]. The effect of
ambient factors such as user clothing [2] or weather conditions [1] have also been studied.

Peltier Elements
Peltier elements make use of
the Peltier effect to convert
electrical current to heat. The
Peltier effect occurs at the junction between two conductors.
Dependent on the voltage polarity, one side of the junction
heats up while another side
cools down. This is the reason
why Peltiers can be used in-situ
both for heating and for cooling
applications.

The prototypes used by the previously mentioned research
were all devices with a single point of thermal output. However, there has been recent work [5, 8] which discussed
prototypes that provide a 2D grid of thermal output “pixels”.
We believe that thermal pixels have interesting properties
for, e.g, researching the use thermal feedback on large interactive surfaces, experimenting with thermal illusions [7]
and making use of rapid hot-cold switching technique for
the haptic visualization of dynamic content.
Limitations of Peltier-based Approaches
The majority of previous works made use of Peltier elements. Peltier elements have certain limitations, e.g.:
• slow temperature switching speed: a high temperature switching speed would be beneficial when using
the haptic display for, e.g., dynamic scenes or video
content.
• limited temperature range (hot and cold limits): Peltier
elements have a limited temperature range between
their hot and cold sides. Thus, obtaining very low
temperatures often requires cooling of the hot side.
• efficiency: there is significant loss involved at when
converting electrical energy to cold output. Thus,
large grids of Peltier elements may consume a lot
of power.
• cost: Peltier elements are relatively expensive, so the
cost of scaling them to very large output grids can be
high.
In face of the limitations of Peltier elements, we propose a
novel approach based on water cooling and electro-resistive
heating. We foresee that our system will overcome the previously discussed limitations: it will have a higher temperature change speed, a higher range of “displayable” temperatures and be more efficient than a Peltier-based solution.

Apart from the advantages in the technical specifications,
the setup we propose is also more scalable than those
based on Peltier elements. Resistors are relatively cheap
passive devices that can convert electrical input energy
to heat with 100 % efficiency. Resistors can even be constructed easily from a thin conductor wire, or as implemented by us, be printed directly onto a PCB as a copper
trace.
Water has a very high thermal capacity, and is thus very
well suited for cooling applications. Water cooling is in use
in machines ranging from internal combustion engines to
nuclear power plants. The basic liquid cooling cycle is very
simple and thus highly scalable: pump coolant from a reservoir to the place where heat needs to be removed, then
pump coolant to a heat exchanger to remove the excess
heat in the coolant, and then re-introduce coolant to the
coolant cycle or the reservoir.

ThermoTouch Technical Design
Unlike previous thermal-haptic devices, ThermoTouch uses
liquid cooling and electro-resistive heating to provide thermal feedback. The basic design of ThermoTouch consists
of a PCB which is printed with grid of copper heating coils.
This allows the application of heat or cooling at any grid location by controlling the electrical current passing through
the coil at that specific location.
Cooling of a thermal pixel happens whenever current at that
grid location is switched off. Because the PCB is placed on
top of a manifold containing liquid coolant that is circulated
by a pump, heat is extracted from the grid constantly. By
balancing the cooling effect of the manifold with heat input
from the heating coils in the grid, arbitrary temperatures
can be set at any point on ThermoTouch’s grid. Figure 1(a)
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Figure 1: (a) Schematic of heater PCB and cooling manifold assembly. (b) Rendering of the PCB and manifold assembly.
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Figure 2: (a) Thermal image showing prototype in a cold state. (b) Thermal image showing one grid cell heated up.

shows a side view of the PCB and cooling manifold assembly and Figure 1(b) shows a render of component assembly.
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In the following we will further detail the cooling, heating
and control logic design of ThermoTouch.
Cooling Design
ThermoTouch uses water cooled to a temperature of 3◦
Celsius as liquid coolant. Water is pumped from a water
reservoir containing 4 l of water to an aquarium chiller unit,
which is used to cool the water. The outlet of the chiller unit
is connected to the input port of the cooling manifold. To
evenly disperse coolant, the manifold has 4 coolant outlets
arranged in opposite corners. Outflow from the coolant outlets is piped back to the reservoir, where the cooling cycle
begins anew. Figure 3 shows a graphical representation of
the cooling system flow cycle.
Heater Grid Design
For heating, we designed a PCB printed with a 4 × 4 grid of
copper heating spirals. The square grid cells have a side
length of 1 inch (25.4 mm). The copper traces for each
spiral are printed in 5 mil (0.127 mm) traces. The copper
strength of the PCB is 1.5 oz per foot (457.73 g/m2 ). The
distance between each spiral is also 5 mil. The total length
of the copper trace is about 1.7 m. This results in a total
electrical resistance for each heating spiral of around 10 Ω.
Thus, at a voltage of 20 V each heating cell is capable of
putting out 40 W in heat. Figure 4 shows the PCB.
Control Design for Heating Grid
Whereas the cooling system as it currently is implemented
is static and its properties cannot be modified while it is running, the heating grid needs to be actively controlled during
operation. Each cell in the Heating Grid has an associated
MOSFET (metal-oxide-semiconductor field-effect transistor) that switches current onto that cell’s heater spiral. As
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Figure 3: This figure shows the coolant flow through the
components of ThermoTouch’s cooling system.

our current prototype has a 4 × 4 grid of heating cells, we
use a total of 16 MOSFETs to drive the cells. Since we
require fine-grained control of the current switched to the
heater cells in order to regulate different temparatures, we
use a PWM controller shield to drive the gates of the MOSFETs. Finally, an Arduino Microcontroller board is used to
implement control logic and send commands to the PWM
controller shields via an I2C bus connection. The Arduino
communicates with a PC via USB so that interactive applications can make use of ThermoTouch.

Current Prototype and Functionality Demonstration may not be sufficient to obtain a uniform temperature outWe have mounted the current ThermoTouch prototype into
an industrial service cart which also houses all supporting components for the cooling system and a 600 W power
supply to drive the heating grid. Figures 5 and 6 show the
current prototype’s thermal-haptic top surface and the associated “plumbing” below the manifold for the cooling system.

Figure 4: The PCB imprinted with
the heater spiral grid.

To demonstrate the thermal output capabilities of our prototype, we captured images of the prototype using a thermal camera. Figure 2(a) shows the prototype in a cooled
down state. When applying current to a specific heat cell,
we can observe a very distinct and localized heat signature,
as shown in Figure 2(b).

Limitations and Advantages

Figure 5: The top of the
ThermoTouch prototype with the
heater grid PCB.

Our approach to thermal haptic output also has a number
disadvantages and limitations. The general setup is more
complex than solutions using Peltier elements, as it requires
an external cooling system. Thus, ThermoTouch is best
for fixed or semi-movable deployments, where portability
is not an important design goal. A limitation of liquid cooling is that we can only cool up to the freezing level of the
liquid or limit of the cooling equipment (in the current prototype’s case 3◦ C ). Peltier-based solutions can cool down
to lower temperatures, albeit limiting the temperature of the
“hot side” of the element.
The thermal control we currently use is open loop, i.e.,
there is no direct temperature feedback from the touch
surface. However, we believe that acceptable temperature
control can be obtained by creating an input power / temperature control model through careful measurement of the
device temperature at different power settings. We plan to
incorporate temperature sensors in future and larger versions of ThermoTouch, where one localized control model

Figure 6: Side view of the
prototype showing the associated
plumbing and devices of the
cooling system.

put. A further limitation is that ThermoTouch currently does
not support any input (i.e., touch detection). Touch detection could be implemented through external tracking (e.g., a
depth camera), or, more elegantly, using capacitive sensing
through the heater coils. We intend to provide visual feedback by using a projector to project video content onto the
Thermal grid.
We believe the major advantage of ThermoTouch is the relative ease of scaling the design to very large thermal output
grids. We intend to develop table or wall-sized versions of
ThermoTouch in the future. At scale, we believe that ThermoTouch will be more cost-effective than approaches using
Peltier elements and have a (presumably) lower power consumption than similar systems using peltier elements. We
also intend to conduct technical experiments to determine
the exact speed at which the ThermoTouch grid cells can
change temperature. We believe that we can gain advantage here due to the efficiency of electro-resistive heating
and the high thermal capacity of water coolant.

Conclusion and Future Work
We have described the technical implementation of a novel
thermal haptic output device, which can output thermal
feedback on a grid of “thermal pixels”. We introduced a
novel approach to creating thermal output using water cooling and electro-resistive heating and have discussed advantages and disadvantages of the technique.
In the future, we wish to deploy ThermoTouch to enable
novel media experiences using thermal feedback. We also
intend to explore research questions on thermal haptic
output. For instance, we are interested in finding a control model that keeps the perceived temperature of the device constant for the user, as previous work has shown that

users adapt to new temperature levels after some time and
then lack the sensation of a relative temperature difference.
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