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ABSTRACT 
Single Family type Distributed Heating (SFDH) has a tendency of increase in 
residential buildings because of its low initial and maintenance cost, suitability to 
building occupancy and house sale situations, and less energy consumption compared 
with district heating. Further, the SFDH system can achieve better thermal environment 
control by considering the room occupants’ thermal sensation to achieve personalized 
comfort. However, the present room temperature control is based on set points given by 
room occupants, which might lead to poor thermal comfort and energy waste as well. 
This article proposes a new thermal sensation based control for SFDH system, which 
uses an on-line learning algorithm to find out an occupant’s comfortable temperature 
range and to decide optimal temperature set point. The SVM (support vector machine) 
model is used for the on-line learning of the comfortable temperature range. 
Simulation is conducted to study the performance of the SVM model predicted control. 
The simulation results show that the temperature set point predicted by the model can 
achieve user satisfied thermal environment quickly and reliably. 
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INTRODUCTION 
Single Family type Distributed Heating (SFDH) has a tendency of increase in 
residential buildings because it has lower initial and maintenance cost, it is easier for 
occupants to start and stop heating for saving heating energy according to occupancy 
situation, and it is helpful for real estate developer to sale houses without considering 
the limitation to sale of using district heating system. 
A SFDH system should include thermostats, valves, pump and boiler. In order to 
achieve better thermal comfort and higher energy efficiency, new automatic control 
system for SFDH system is needed. Researches on automatic control of heating mainly 
focus on district heating, such as control of the supply water temperature of secondary 
side (Yu et al 2001), and controlling the water valves with methods of duty ratio (Liu 
2010),  heat metering using valve duty ratio (Liu et al 2008). Xu (2010) used Back 
Propagation Neural Network (BPNN) to predict the time that the room temperature 
takes to match the set point and use the time to help the feedback control of valves. The 
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method of BPNN is quite complicated. Easy and accurate control methods are needed. 
Therefore some researchers studied on-line learning algorithm to achieve better 
control, such as NEST temperature controller (Yang and Newman 2012), PMV 
prediction with BPNN (Peng 2006). 
However, these temperature control methods are based on temperature set points 
given by room occupants or building managers. Wang et al (2014) revealed by 
investigation that about 1/3 temperature settings are improper and lead to poor thermal 
comfort and energy waste, so they proposed a perception-based thermal environmental 
control method. Zhao et al (2014) utilized one-class classifier and Personal Dynamic 
Thermal Comfort (PDTC) model (Zhao et al 2014) to find out comfort region 
according to occupants’ thermal perceptions. But these models use large quantity of 
data for on-line learning, which is inconvenient in practical application. 
This paper describes a new method of thermal sensation based control for SFDH 
system. When room occupants feel hot or cold, they can input hot or cold sensations 
through a human machine interface (HMI). The control system uses an on-line 
learning algorithm to build occupants’ thermal comfort model according to the room 
occupants’ thermal sensations and use the model to find out comfortable temperature 
range and decide a proper temperature set point to make room temperature comfortable. 
Simulations are conducted to study the performance of the proposed model predicted 
control. At present stage, the study only consider one occupant situation. 
Multi-occupant situation will be studied in the future. 
 
RESEARCH METHODS 
According to the thermal comfort theory (Fanger 1982), the Predicted Mean Vote 
(PMV) is calculated by  0.0360.303 0.0275MPMV e TL  , where M is the metabolic 
rate, and TL is the thermal load, defined as the difference of heat production and heat 
dissipation. When the metabolic rate keeps stable, the ambient temperature will affect 
the heat dissipation. Higher temperature leads to less heat dissipation, and then greater 
TL. So PMV will be greater because it is proportional to TL, and the occupant will feel 
hot. Therefore, there is a positive correlation between the temperature and the thermal 
sensation, i.e., higher temperature leads to hot feeling and lower temperature leads to 
cold feeling. There is a temperature range where occupants do not feel hot or cold 
between the hot and cold temperature region.  
Since there is a positive correlation between the temperature and the thermal sensation, 
Support Vector Machine (SVM) are suitable for on-line learning of comfortable 
temperature region. 
The principles of SVM have been summarized by Fan (2003). The C-SVM method 
with relaxation factors can be used to tolerate the wrong classifications. The details of 
the method are shown below. 
It is assumed that there are sample points of two classes, {xi, yi}, where xi is the ambient 
state, i.e. temperature and humidity [ti, di], and yi is the class. The class 1iy   
represents the hot vote, and the class 1iy    represents the cold vote. SVM method is 
to calculate the classification hyper plane, which is described by 0T b w x .  The 
optimal hyper plane is obtained through the following equation. 
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Where i  is the relaxation factor, and C is the penalty parameter with a positive value. 
Smaller C means higher tolerance to the wrong classifications. The i  is the weight of 
a sample point, which is calculated by i

i
    , where 0 1  , represents the 

forgetting factor, and   means time with the unit of day. We use Lagrangian 
Multiplier Method and Sequential Minimal Optimization (SMO) method (Platt 1998) 
to solve the optimization problem above. Now we obtain the classification hyper 
plane 0T b w x , and the region between hyper planes 1T b w x  and 

1T b  w x  is the comfortable area in which any temperature can be a set point. The 
hyper plane 1T b w x  is the boundary of hot area and 1T b  w x  is the boundary 
of cold area. For the SFDH system only heating is considered, so for the purpose of 
saving energy, the temperature near the lower boundary is selected as the set point. The 
set point is obtained by solving the following equation: 
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Where xi

* is set point and xi is measured temperature. The f(t) means that the 
difference between xi

* and xi is the one-dimension funciton of temperature t. The 
reason why SVM method can achieve the acceptable classification of hot and cold is 
that hot votes and cold votes are nearly linear to temperature. However, the relation is 
not strictly linear, and occupants’ votes are not constant but slightly change 

stochastically, so with the relaxation factors i , C-SVM method can also classify hot 

votes and cold votes acceptably. The forgetting factor   considers occupants’ comfort 
region change by forgetting the historic votes. 
In order to check the effectiveness of SVM model predicted control, the Simulink 
model is built to simulate the control performance, as shown in Figure 1. The Simulink 
model consists of four modules: Room, Vote, Water system, and Controller. The 
module Room is used to simulate the room thermal dynamics, whose volume is 90m3, 
and the outdoor air temperature periodically changes from 3oC to 7oC . The module 
Water system is used to simulate the thermal dynamics of radiator,  where the supply 
water temperature is 60 oC. The module Controller uses a PID (Proportional, Integral 
and Differential) control logic to decide the duty ratio of the radiator’s valve. The 
module Vote is to generate the temperature set point using the former mentioned SVM 
model. For generating hot/cold vote, a human comfort model is built according to the 
changing room temperature. The generated set point is sent to Controller module as the 
input for PID control. The human comfort model used for generating hot/cold votes is 
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shown in Figure 2. The comfortable temperature range is assumed to be 20~24℃ 
(ASHRAE 1992), and the hot and cold votes are generated under a probability given by 
the normal distribution density function, as shown in Equation 5, where T represents 
the present temperature, TL and TU represents the lower and upper boundary 
temperature of the comfortable temperature ranger respectively. The tolT    
represents the tolerance temperature. Votes are generated randomly 
every  1,30 min  . 
Corresponding to every room temperature, there is a probability of generating a 
hot/cold vote. In the comfortable temperature range, the probability of generating a 
hot/cold vote is small. The farther is the room temperature from the comfortable 
temperature range, the larger is the probability of generating a hot/cold vote. 
 

 

Figure 1. Simulation model diagram built in Simulink 
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Figure 2. Schematic diagram of the comfort model and vote probability distribution 
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RESULTS 
The simulation period is 24h with the initial room temperature of 15oC. The 
simulation result is shown in Figure 3. The model parameters are that the penalty 
parameter C=100, and the forgetting factor 0.56  . From Figure 3, it can be seen 
that all set points are correctly decided corresponding to the hot and cold votes, i.e., hot 
votes triggered lower temperature settings, while cold votes triggered higher 
temperature settings. The zoomed in simulation result from 8:00 to 12:00 are shown 
in Figure 4. The temperature settings tend to be stable accompanying to the model 
learning, and finally get close to the middle of the comfortable range. This proves that 
the model has learned out the previously assumed comfortable temperature range. 
The performance of the SVM predicted control are quantitively evaluated using three 
indexes, comfort range entering time steadyt , less vote time lesst , and satisfactory time 
ratio  . The comfort range entering time steadyt  is the hours that the room 
temperature takes to enter the comfortable temperature range. The less vote time lesst  
is the hours that it takes until the frequency of vote descends to 10% of that at the 
beginning. The satisfactory time ratio   , as shown in Equation 6, reflects the ratio of 
the occupant’s comfortable time to one control period, which is 24 hours here. The 
evaluation results are shown in Table 1. The SVM predicted control takes 0.872 hour 
to make room temperature enter comfortable range [20, 24]. It takes 2.936 hours to 
make the hot/cold vote frequency decrease to 1/10 of that at the beginning. For the 24 
hours control period, the satisfactory ratio is 0.878. These parameters show that the 
proposed SVM predicted control can fast and reliably control room temperature to be 
in the comfortable range. Further the comfortable temperature range is learnt out 
according to individual hot/cold vote, so the proposed method can be easily achieve 
personalized comfort and prevent energy waste caused by improper temperature 
settings. 
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Figure 3. Simulation result through SVM 
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Figure 4. Details of simulation result from 8:00 to 12:00 
 
Table 1. Evaluations of SVM predicted control 

Model steadyt (h) lesst (h) Satisfactory rate  

SVM 0.872 2.936 0.878 
 
CONCLUSIONS 
In this article, a new method of thermal sensation based control for SFDH system is 
proposed. Through an HMI, an occupant can input the thermal sensation of hot or cold 
and the control system learns out the occupant comfortable temperature range and 
adjusts the room temperature to be in the comfortable range. The SVM model is used 
for the on-line learning of the comfort temperature range. Simulation is conducted to 
check the performance of SVM predicted control. The simulation results show that the 
temperature set point predicted by the SVM model can achieve satisfied thermal 
environment quickly and reliably. It takes less than 1 hour to find out the occupant 
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comfortable temperature and less than 3 hours to let an occupant achieve thermal 
comfort. 
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