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Thesis Summary 

Communication technologies that connect human and human remotely with high realistic sensation 
have been well researched. Especially, haptics has been researched, and artificial realization of force 
sensation has been established. Following force sensation, thermal sensation has attracted attention in 
recent years, and there are a lot of control techniques using thermoelectric conversion devices.  
However, conventional researches did not consider thermal distribution. Thus there are limitation for 
improving the rendering performance since the control point is limited to a heat source. In other words, 
these methods are based on a lumped parameter system, and did not reproduce the temporal and 
spatial thermal distribution. Therefore, this thesis proposes a modeling and control of heat conduction 
system considering spatial information. In particular, a novel index of spatially controlled thermal 
conductance is defined, and control design methodologies for improving functionality based on the index 
is shown. 
Chapter 1 describes the purpose and background of this research. 
Chapter 2 shows the definition of spatially controlled thermal conductance, and explains about the 

relationship between spatial information and influence of heat-flow disturbance entered by touching with 
a human finger. 
In Chapter 3, the modeling and control method of one-dimension heat conduction is proposed. As for 

a lumped parameter system, heat conduction system is treated as a finite-capacitance system, and the 
method for detecting a contact point is proposed. Moreover, thermal conductance control at any contact 
points on the device is proposed. The method makes it possible to change the thermal responses at the 
contact points by setting parameters of the thermal conductance. As for a distributed parameter system, 
a modeling and control method using a thermal diffusion equation is proposed. In the method, a heat 
conduction system can be modeled as a damping element and a delay element by using a thermal 
diffusion equation, and it is easy to implement it in the control system. 
Chapter 4 shows a modeling and control method of two-dimension heat conduction. The methods of 

temperature and thermal conductance control with detection of two contact points are proposed. The 
control system using two one-dimension thermal diffusion equations is also explained. 
Chapter 5 describes a modeling and control method of a multi-dimension heat conduction system. 

The method for spatial rendering by generating a virtual heat conduction among heat sources is 
introduced. In addition, the wearable thermal interface is developed, and heat conduction between 
fingers is controlled. The fingers are covered by four Peltier devices, and temperature control is 
conducted using the damping and delay elements. Here, the control method mentioned in Chapter 3 is 
extended, and applied for a two-dimension surface model. In addition, these methods are compared 
based on the spatially controlled thermal conductance. 
Chapter 6 summarizes the results of this thesis and presents conclusions with future works. 

  


