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本稿では、 サーフェースインターフェイスにおけるサーモーディスプレーの設
計と実装について議論する。 このデバイスでは視覚的情報と共に、温度による
フィードバックを提供することで、ユーザーの利便性を高める。  
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This paper describes the design and implementation of an integrating thermal 

localization display which provides thermal feedback according to the visual context  to 
enhance user's experience on the surface interface.  

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction  

Multi-touch tabletop environment has become the mainstream of human-computer 

interaction research. A tabletop, or the table size multi-touch system, enables user to directly 

interact with interface or digital information and give a new possibility for interacting 

between people and virtual information: for example, innovative user interface [1], enhanced 

interaction with a simulated object [2], or collaboration workspace through distance 

communication [3]. Nevertheless, the absence of realistic experience while using the system 

is an important challenge that still exists in tabletop interface. One of the reasons is the lack of 

tactile information at the touching points. One way to solve this problem is to embed haptic 

feedback interface into tabletop system. The merit of haptic feedback is that it enhances user's 

experience when interacting with the surface through the sense of touch, which are kinetic 

force, pressure, texture and temperature sensations [4][5]. Among those sensations, thermal 

sensation is one of the most important senses of human being. Knowing the thermal 

characteristic of the surrounding environment, we can recognize different materials and 

differentiate two thermal sources. By embedding thermal feedback system into tabletop 

environment, user’s experience on the tabletop system could be improved, and more 

interesting interactions on the tabletop surface could be created.  

Our goal is to provide users a more realistic experience when using a tabletop environment 

by embedding thermal haptic interface into the system. There are many advantages of using 

tabletop system as a display. In a tabletop environment, users can directly interact with the 

digital information on the table's surface with their fingertips. This increases a number of new 

possibilities and interesting interactions for thermal feedback interface. One possibility is to 

change the temperature of each thermal display device individually corresponding to the 

visual context projected onto the display. While displaying, users can directly touch the 

display and feel the temperature change using their hands or fingertips. In our work, we 

investigate the design of a general thermal feedback system for tabletop environment, because 

we want to create a thermal feedback interface which works with other common tabletop 

applications. 

In this paper, we introduce the basic design considerations of a thermal localization display 

for a tabletop environment, our prototype hardware and software implementation, results and 

their performances. In addition, we discuss about the problems encountered during hardware 
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development process, and other possibilities for creating innovative interaction on a tabletop 

system using thermal feedback mechanism. Ongoing work and conclusion will be discussed at 

the end. 

2. Related Works 

In developing a thermal feedback system, there were many attempts to embed temperature 

changeable device to create a thermal display system. Peltier device, which could be either 

warm or cool when a voltage difference is applied, is a de facto standard device that is usually 

chosen for implementing a thermal display [6]. Many systems embedded thermal sensors 

together with their thermal display unit in order to measure the temperature and create 

feedback control mechanism. Most systems use thermal display in displaying abstract 

information which can be translated to temperature values such as the radiant heat from 

fireplace [7], non-verbal communication [8], recognizing family members' presence from an 

outdoor location [9], or simulation of the real material’s temperature characteristic [10]. 

When designing a thermal feedback interface, the following needs to be carefully 

considered: the accuracy of temperature control, the rate of temperature change (response 

speed), the temperature range capable for thermal display, and the density of thermal display 

arrangement. However, there are very few investigations that described about how to design a 

thermal feedback system for a tabletop environment. The work proposed by Kumiko 

Kushiyama et al. [11] uses a thermal display made up of 80 units of Peltier device to creative 

interactive artwork by simulating the temperature of snow crystals' growth. However, their  

work did not described the temperature range of Peltier device, the temperature control 

mechanism by using thermal sensors, the accuracy of temperature control and the 

performance of their system. 

3. Design Issue 

3.1 System Requirement & Design Parameters 

3.1.1 Thermal Display Density 

When designing the thermal feedback system for a tabletop environment, we have to 

consider the trade-off between the size of thermal display unit and the density of placing unit 

together. By increasing the size of thermal display unit, the density of thermal display system 

will decrease, and vice-versa. If we choose have a system of low density by using large size of 

thermal display, the number of thermal displays per touching area will decrease due to 

display’s large size. Consequently, users would not be able to feel the thermal relationship 

between each nearby thermal display unit. Also due to the large size of a thermal display unit, 

the resolution of displayed temperature will be limited because we are forced to choose a 

represented temperature for a large display area. These will lead to the decrease of sharpness 

of thermal image. 

On the other hand, if we put lots of thermal display units in one area using small size of 

thermal display, there will be large amount of thermal display units per touching area, and 

user will not sense the temperature difference from each thermal display clearly due to the 

spatial summation property of skin [12]. Moreover, due to the small size of thermal display, 

the human skin which cannot differentiate temperature sources will be confused. This will 

degrade the overall thermal sensation. By understanding this trade-off, we have to carefully 

choose the suitable size and density to arrange the thermal display devices.  

3.1.2 Temperature Range 

To provide dynamic range to the thermal simulation, thermal display device should have a 

wide displayed temperature range. We have to consider several requirements when deciding 

the dynamical range of thermal display’s temperature.  

The first factor is the avoidance of thermal pain sensation for safety reason. It was reported 

in previous psychophysical research that humans’ thermal pain receptor will stimulate cold 

and warm pain signal at the temperature below 15 °C and above 45 °C respectively [13]. 

Therefore the system should limit the thermal display’s temperature between 15 – 45 °C.  

The second factor is the thermal display’s heat dissipation. When using the thermal display 

which changes its temperature by using the heat pump process e.g. Peltier device, there will 

be heat accumulated on the opposite side of cooling display surface. This heat is generated 

due to heat pump process, and will increase overall device’s temperature that results in the 

increase of minimum temperature of the thermal display. To avoid this, we have to add a 

dissipation system on the unused side of display to dissipate unwanted heat.  

The third factor is the electrical current provided to thermal display device. If we again use 

thermal display which generates temperature by heat pump process, the maximum and 

minimum temperature range of the display will depend on the electrical current applied to the 

device. Thus in order to choose the suitable power supply, we have to consider the number of 

our thermal displays and the desired temperature range carefully. 

3.1.3 Thermal Sensitivity 

Another consideration is the temperature sensitivity of human’s skin. It is known that 

human can perceive the relative temperature change more than absolute value, and the ability 

for tracking change is dependent to the temperature changing rate of the object [14]. There 

was psychophysical study indicated that the rate of temperature change should be more than 

0.1 °C/s in order for the user to detect small increases and decreases in skin temperature e. g. 

0.5 °C for on the forearm [15]. As a result, the thermal display should have a rate of 
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temperature change faster than 0.1 °C/s. Note that in the heat pump type thermal display, the 

rate of temperature change of device also depends on electrical current applied to the device.  

3.1.4 Thermal Sensors 

For thermal input capability, the thermal sensor which has good temperature sensibility is 

required in order to measure the actual temperature of environment with small error. It also 

has to have small size for not disturbing the heat transfer process between the thermal display 

and the user’s skin, which prevent the accuracy temperature measurement.  

3.1.5 Temperature Control 

We also need an accurate control mechanism for thermal display. Usually a control 

feedback loop is used to control the temperature of thermal display. This is achieved by 

tracking the temperature of thermal display using thermal sensors and send the value to the 

simulation software and check if there is any error occurred. The frequency of temperature 

sampling should be high enough to guarantee the accuracy of temperature control.  

3.2 Design Consideration 

To create a concept-proof prototype, we choose Peltier device, the standard thermal display 

which is commonly used in previous thermal feedback systems, to display the desired high or 

low temperature. It work as an electrical heat pump which transfer heat from one side to the 

other side of device when apply DC current into the device, creating the heat on one side and 

the cold on another side. In most of the thermal haptic systems, Peltier is usually chosen as the 

thermal display due to its fast rate of temperature change and the ability to display a wide 

range of temperature, which also depends on applied current. However, when the device is 

displaying coldness on one surface, there will be unwanted heat accumulated on the other side 

due to the heat pump process, which will greatly decrease the performance of the device's rate 

of temperature change. Thus, we need to dissipate the heat on the unused side of device by 

adding heat sinks.  

For the temperature sensor, we considered the trade-off between the accuracy of 

temperature measurement and the size of device, and found that the thermistors are the most 

suitable thermal sensors for our work. Thermistor responds to temperature change quickly, 

and its size is considered small enough for not disturbing the heat transfer when measuring the 

temperature. 

Arduino boards and H-bridge drivers are chosen for hardware controller and 

communicating with the software side. Arduino is a microcontroller-embedded prototyping 

platform based on flexible, easy-to-use hardware and software. H-bridge drivers also help in 

developing the temperature control mechanism using simple circuit design. Although the 

Arduino boards do not provide the most compact circuit design, and H-bridge drivers is not 

the best driver to control Peltier device i.e. consider the relatively slow rate of temperature 

range compare to previous systems, these two devices enable us to develop the rapid 

prototype for pilot study. Since our system thermal display is not transparent, we choose to 

display the visual context via ceiling-mounted projector over our system’s surface. Though 

this may lead to some hands occlusion problem while using in real situation, the 

projected-display approach provides the most convincing setting for our system now. To 

achieve the multi-touch sensing in our system, we try to implement the multi-touch capability 

by using IR laser range finder, which tracks finger’s movement effectively in the centimeter 

scale. However, the integrating of multi-touch capability has not completed yet at the time of 

this paper’s submission. 

4. Implementation 

Hardware 

Our system was made up by 36 cells (6 rows x 6 columns) of thermal display. Each cell 

consists of 3 elements: Peltier devices (KSM-04031C, KELK Ltd.), thermistors (103JT-025, 

Ishizuka Electronics), and heat sinks. Peltier device can heat up or cool down when applied a 

DC current and can display the temperature ranges from 15 °C – 45 °C. Thermistor, which 

changes its resistance when according to temperature, was used to measure the surface 

temperature of the Peltier device in 0.1 °C details. The Peltier device’s size is 20 x 20 x 4.65 

mm, and thermistor’s thickness is 0.5 mm. The size of Peltier device was carefully selected to 

be suitable for the average size of adult’s fingertip. Thermistor was attached to the top side of 

Peltier device, and heat sink was attached on the bottom side. Temperature control algorithm 

can be achieved through the use of Peltier devices and thermistors together to create a 

control-loop feedback mechanism, which is monitored by a simulation software at 50 Hz. We 

believe that choosing array of 6 x 6 thermal displays will be a good balance between the cost 

and the performance; it reduces the cost of prototype, yet sufficient enough to provide the 

similar effect of using tabletop environment. 

On top of the thermal display cells, we placed a good thermal effusivity sheet which also 

acts as a screen for image projection (TC30AG1/8, Shin-Etsu Chemical). We choose the 

ceiling-mounted laser projector (Microvision Pico Projector) to project the GUI graphic over 

the surface of system. To connect the hardware part to the simulation software, we connect the 

display system to 3 Arduino boards (Arduino Mega) and 36 units of H-bridge drivers 

(TA7291P, TOSHIBA), which the later devices also help us in the temperature control 

algorithm. The system setup picture is shown in Fig. 1. 
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Fig 1 System Setup (Left: System Architecture, Right: System Photo) 

5. Experiments 

5.1 Overview 

To test our temperature control algorithm, we conducted 3 experiments to measure the 

accuracy of temperature control and the heating and cooling rate of Peltier device. In the first 

experiment, we set to change the temperature of one Peltier device from room temperature 

(27 °C) to 15, 20, 40, 45 °C separately to observe our system’s temperature control accuracy. 

For the second experiment, we set the temperature of one Peltier device continuously from 

27 °C to 15, 20, 35, 40 and 45 °C in order, and the duration between each temperature change 

is 10 s. We also conducted the same experimental setting for the last experiment, but changed 

the temperature step: from 27 °C to 45, 20, 40, 15, 30 °C in order. These two last experiments 

are conducted to test the response speed of our temperature control. 

5.2 Results 

We succeeded to precisely display the desired temperature on our thermal display using 

control loop feedback mechanism provided by Peltier devices and thermistors. The 

temperature range of our system can be easily controlled between 15 °C to 45 °C. The result 

of the first experiment which shows accuracy of our temperature control mechanism is shown 

in Fig. 2, where we simulated the temperatures of Peltier devices from 27 °C to 15, 20, 40, 

and 45 °C separately. The graph shows that the accuracy of temperature control in our system 

was laid in 0.1 °C precision. Since humans cannot sense absolute temperature accurately, our 

algorithm proves to be legitimate.  

In order to test the response speed of our Peltier device, we performed the second and the 

third experiment. Both experimental results are shown in Fig. 3, where the orange line 

belongs to the second experiment and the green line belongs to the third.  

We calculated the average speed of heating and cooling from the experiments, and found 

that the average of our temperature control rate is 2.3 °C/s for heating and 2.0 °C/s for 

cooling. 

 
Fig 2 System’s Temperature Control Accuracy 

 
Fig 3 System’s Temperature Changing Experiments 

Target Temperature 
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6. Conclusion 

We introduce a thermal display system which is still in the early stage with some functions 

incompleted. We assume that this extra dimension (thermal display) will provide users a better 

experience when using a surface interface. Our initial pilot study gives up positive result. The 

next step is to conduct user study experiments and examine the feedbacks. If the result also 

turns out to be positive, we can further move on to the next stage and improve our system as 

well. The performance of the system could be improved by simply having a circuit and Peltier 

device which can take higher current to have better response speed. A better heat sink such as 

water cooling jacket might also be effective of improving the performance of the system. 

These are things that we can consider in the later part of our research. 
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