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Abstract: The article makes an analysis of the functioning for the heating automation system with hot air blown 
into an individual dwelling. The structure of the automatic control system for indoor temperature in the 
dwelling is determined, in which the controller is a thermostat having feature type relay with hysteresis, the 
conditions related to the evolution of automatic control of the process are specified and the oscillation period of 
the control system is calculated. 
The automatic temperature control system model in individual dwelling is established using Simulink and its 
functioning by simulation in different representative situations is checked. The results of the simulation are 
compared with those obtained by calculation or they are used to determine the performance of the automatic 
control system 
 
Key-words: nonlinear automatic  system, changeover controller, thermostat, relay with hysteresis, oscillation 
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1 Introduction  
This article deals with ensuring indoor comfort in 
individual dwellings by using nonlinear automatic 
control systems of the type changeover [1,2,3,4,5]. 
Indoor temperature regulation is done by using a 
thermostat, placed in a room chosen as being 
representative. Heating is assured with blowing hot 
air at a constant temperature [6,7,8,9]. 
By comparison to the complex automatic control 
systems, using the thermostat temperature control 
device in individual dwellings [10] is a cheap and 
reliable solution, and automatic control system 
performance may be acceptable, if the right 
information about hysteresis loop that characterize 
bimetallic lamella of the thermostat, the function 
mode of the command cycle for the heating and 
thermal inertia of the house is used [11]. 
The changeover adjusting of the temperature with 
thermostat is the most used solution for individual 
dwellings. 
Indoor thermal comfort is ensured in large 
buildings by implementing control structures with 
feed-forward loop, which controls the water 
temperature depending on the outside temperature 
(main disturbance which acts on the process of 
building heating) [12,13]. The adjusting structure 
may be used for individual dwellings if an 
automation device called "ambient probe" is used; 

the device is placed in the reference room where 
the indoor temperature is measured and allows 
correction with ± 2.50C of the reference indoor 
temperature value set by the control cabinet of the 
heating plant. 
Recent research on indoor temperature control in 
large buildings use control methods of heating 
taking into account the heat loss through the 
building envelope [14,15,16,17]. A perimetral 
monitoring system of the temperatures of the 
external surfaces of building provides infrared 
thermal map of these areas. The thermal map is 
processed in order to obtain an electrical signal 
used for driving the heating installation. The indoor 
temperature is maintained constant by regulating 
the temperature of the outer surface of the building.  
 
 
2 Objectives of the paper  
The paper presents the time domain analysis of the 
control system for the indoor temperature using 
differential equations. Using basic concepts from 
the theory of nonlinear automatic systems 
[18,19,20,21,22,23,24] the mathematical 
inequalities that must be satisfied between the 
outdoors temperature, hot air temperature, desired 
indoor temperature and the size of insensitivity 
domain of the hysteresis are specified, so that the 
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cycle of control of the heating process can evolve 
over time. It calculates the oscillation period of the 
automatic control system. 
Using the mathematical model made in Simulink 
for automatic adjustment of the indoor temperature, 
it is analyzed its behavior in time, for different 
representative situations. Through analysis, it is 
checked: 

- the precision for automatic control of the indoor 
temperature through stationary error evaluation; 

- the oscillation domain of the controlled 
variable; 

- the conditions for the cyclic operation of  
heating process; 

- the coincidence between the values of 
oscillation periods obtained by calculation with 
those determined by computer simulation; 

- the determination of a minimum acceptable 
value for the temperature interval Δ  of the  
hysteresis of the thermostat. 
 
 
3 Automatic indoor temperature 
control structure into individual 
dwelling 
The room chosen as representative for individual 
dwelling is heated with hot air blowing at 400C. 
The indoor temperature is adjusted by successive 
actions start / stop for introducing hot air in the 
room, until they get to values as close as the 
temperature refθ  set at 180C or 200C. Control of 
duty cycles is assured by a changeover controller 
(thermostat), appropriate located on a wall of the 
room, which has feature type relay with hysteresis 
(Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Feature type relay with hysteresis. 
 
Bimetallic lamella of the thermostat is deformed by 
heating / cooling and operates an electric switch 
used to control the introduction of hot air in the 

house. The values of the temperatures at which is 
actioned the electrical contact are established as 
shown in figure 1, in which is highlight the cycle 
with hysteresis of the command u according to the 
temperature blθ  of bimetallic lamella. The 
temperature interval corresponding to the hysteresis 
of the bimetallic lamella is denoted by Δ .  
Bimetallic lamella temperature blθ  depends on 
ambient temperature roomθ  according to the 
relation 
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where blτ  is the thermal inertia of bimetallic 
lamella. 
Heated room behaves like a first-order inertial 
element with transfer function 
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The structure of the automatic adjustment system of 
indoor temperature is presented in figure 2. 
 
 
4 Imposed conditions for the 
functioning of automatic control 
structure 
It is noted in figure 2 that the command 1=u  the 
room temperature roomθ  and bimetallic lamella 
temperature blθ  is moving towards the value given 
by 1Kout +θ ; if the command 0=u , then the 
temperatures roomθ  and blθ  decrease toward the 
temperature outθ . The operation of automatic 
adjustment structure is only possible if the limits 
within which varies the temperature of bimetallic 
lamella blθ  are located outside the cycle with 
hysteresis; therefore, the relations of inequality that 
need to be fulfilled to generate the periodical 
commands that produce the heating of the room 
are: 
 
    Δ+>+ refout K θθ 1 ,     Δ−< refout θθ . (3) 
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Fig. 2. The structure of the automatic adjustment system of indoor temperature.  
 
 
5 Determination of the oscillation 
period of the automatic control 
system 
Starting from the structure of the automatic control 
system shown in figure 2, the following differential 
equations can be written: 
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Substituting roomθ  from equation (5) into equation 
(4) it obtain 
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Since the time constant 2τ  is much bigger than blτ , 
then equation (6) is reduced to an equation of the 
first order 
 

uK
dt

d
outbl

bl
c ⋅+=+ 1θθθτ ,  (7) 

 
having the time constant sblc 4802 =+= τττ . 
For performing calculations and simulation of 
system model the following numerical values are 
selected: CK 0

1 40= ,  s4502 =τ , slb 30=τ , 

C05,1=Δ ; the simplifying hypothesis is used, in 
which the outside temperature has a constant value 

Cout
05=θ .    

The oscillation period T is composed by two time 
intervals: first interval [ ],t,0 0  when 1=u  and the 
second interval ( )0tT − , when 0=u . These time 
intervals are calculated by solving the equation (7), 
taking into account the characteristic of the 
bimetallic lamella shown in figure 1. 
 
[ ],t,0 0    ( ) Δ−= refbl θθ 0  :

 1K
dt

d
outbl

bl
c +=+ θθθτ   (8) 

 
[ ],T,t 0    ( ) Δ+= refbl t θθ 0  :

 outbl
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c dt
d θθθτ =+    (9) 

The differential equation (7), in the time interval 
[ ]0,0 t , has the solution 
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which for 0tt = , moment in which 

Δ+= refbl t θθ )( 0 , allow the calculation of the 
value t0 thus: 
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For the time interval [ ]Tt ,0  the solution of 
differential equation (7) is 
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which for Tt =  (moment in which 
( ) Δ−= refbl T θθ ), we can calculate the 

oscillation period T as follows: 
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If it calculates 0t  and T  for refθ = 200C, θout = -

100C, C01=Δ , CK 0
1 40= , s4502 =τ , 

slb 30=τ , sblc 4802 =+= τττ , then we obtain: 
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6 The model of automatic 
temperature control system in 
individual housing  
The model of automatic temperature control system 
is done using Simulink, in two variants, which 
differ by the way they act the main disturbance 
(outdoor temperature): 

- variant 1, in which outdoor temperature has a 
constant value, that temperature is the average 
diurnal (figure 3); 

- variant 2, in which the outdoor temperature 
varies sinusoidal form day to night, with a given 
amplitude to an average diurnal value (figure 4). 
 
 
7 Analysis of the functioning of 
automatic heating system model of 
individual housing 
A. Shall be checked by simulation using the model 
developed in variant 1 (figure 3), the fact that the 
command u  is launched periodically for heating of 
the house and evaluate the precision of the 
temperature adjustment in the house with roomθ  
and blθ  (figure 5). 

The simulation is done for refθ = 180C, θout = 50C, 

C05,1=Δ , CK 0
1 40= , s4502 =τ , slb 30=τ , 

sblc 4802 =+= τττ , identical to the values 
entered in the relations (11) for 0t  and (13) for T . 
Analyzing the graphs obtained by simulation, it is 
found that the room temperature is regulated 
around average value of 180C, equal to that 
required by refθ  and the periodical evolution of 

commands applied to the automated heating 
process for which shall be determined from graphs 

st 550 ≅  and sT 160≅ . The size of oscillation 
domain for adjusted parameter roomθ , determined 
by graph, has the approximate value of 30C, that 
which was expected because C05,1=Δ . 
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Fig. 3. The model of automatic temperature control system in which outdoor temperature has a constant value.   
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Fig. 4. The model of automatic temperature control system in which the outdoor temperature varies 
sinusoidally. 

 
B. The simulation is done for refθ = 200C, θout = -

100C, C01=Δ , CK 0
1 40= , s4502 =τ , 

slb 30=τ , sblc 4802 =+= τττ , identical to the 
values entered in the relations (14) for 0t  and (15) 
for T . The simulation results are presented in 
figure 6. 
It is found through simulation that the regulation of 
room temperature is around average value of 200C, 
equal to that imposed by refθ  and that is taking 

place the periodically evolution of commands 
applied at the automated heating process; using the 
graphs it determine st 880 ≅  and sT 122≅ . The 
size of oscillation domain for adjusted parameter 

roomθ , determined by graph, has the approximate 
value of 20C, that which was expected because 

C01=Δ . 
C. Simulation is done using the model developed in 
Simulink, version 2 from figure 4, in which 
numerical values entered are the following: refθ = 

200C, C01=Δ , CK 0
1 40= , s4502 =τ , 

slb 30=τ ; the outdoor temperature has the 
average value θout = -100C, over which are 

overlapping variations from day to night with 
sinusoidal form and amplitude 80C. 
The graph obtained for the indoor temperature 

roomθ  during the day when the outside temperature 
achieve the highest value θout = -20C, is shown in 
figure 7, and the graph obtained for roomθ  during 
the night, when the outside temperature achieves 
the lowest value θout = -180C, is shown in figure 8. 
It is noted the evolution of the temperature 
adjustment cycles in the room by repeating the 
command u  for heating and, as expected, the time 
interval [0, t0] when the command 1=u , is higher 
in the case when θout = -180C than if θout = -20C.  
The value C01=Δ  chosen for the characteristic of 
the thermostat ensure the adequate precision for the 
indoor temperature in the house. A decrease of the 
value Δ  at thermostat would enhance the precision 
of the adjustment, but it would force too much the 
actuator of the control system by decreasing the 
oscillation period T. 
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Fig. 5. Model simulation results in which outdoor temperature has a constant value. 
 

 

WSEAS TRANSACTIONS on SYSTEMS Daniel Popescu

E-ISSN: 2224-2678 487 Volume 13, 2014



 
Fig. 6. Model simulation results in which the outdoor temperature varies sinusoidally.  

 
 

 
Fig. 7. The graph obtained for the indoor temperature when the outside temperature achieve the highest value.  
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Fig. 8. The graph obtained for the indoor temperature when the outside temperature achieves the lowest value.   

 
 
8 Conclusions  
It is found that are satisfied the conditions (3) for 
the automatic control system, in all situations 
analyzed by simulation. 
The approaching between numerical values 
obtained for 0t  and T  by calculation in paragraph 
5 and by simulation in paragraph 7 variants A and 
B, validates the correctness of the two approaches 
in this paper. 
The analysis perform in paragraph 7, in the 
variants of point C, corresponds quite well the 
real situation of a cold winter day in Romania.  
The decreasing values chosen for the temperature 
domainΔ , corresponding to the hysteresis of 
thermostat (figure 1), increase the control precision 
of indoor temperature, but would extra force the 

actuator that controls the introduction of warm air 
in the home, by increasing the switching frequency.   
The way in which was made the analyze of the 
automatic control system for indoor temperature 
into an individual housing when using the hot air 
heating, can be applied in the case when using a 
similar structure of the automatic control, for 
heating with radiators through which circulate heat 
transfer medium heated to a constant temperature. 
The automation solution with changeover regulator 
(thermostat) placed in a room chosen as reference, 
can not be applied for automatic control of the 
indoor temperature in the great buildings.   
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