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Abstract — Building energy management is a major topic of 
research and development, as well as, buildings constitute the 
substantial amount of energy consumption in the worldwide. 
Design of an automated controller for energy efficiency operation 
in the building is one of the main methods to reduce energy 
consumption by keeping comfort level for inhabitants. In this 
paper, we introduce an alternative way to save energy by using 
fuzzy logic based approach. Fuzzy logic has been widely used to 
simulate energy consumption model and to control heating, 
ventilation and humidifying devices. Simulation results illustrate 
the behavior relation of whole system and each control 
parameter. 

Keywords — HVAC; comfort level; energy consumption; 
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I. INTRODUCTION 

At present, in the context of improving energy efficiency, 
developing an adaptive self-learning system with the ability to 
predict the temperature field based on a minimum set of input 
data in order to maintain a given indoor environment is an 
especially urgent task [1]. However, given the uncertainty of 
conditions affecting the indoor climate, the optimal solution to 
the problem is the use of fuzzy logic [2, 3].  

In general, indoor air depends on several key factors 
including, air temperature, relative humidity, pressure, etc. [7].   
The temperature field in the room depends on the horizontally 
or vertically disposed heat source which in turn can be either 
controlled (heater, air conditioner) or unmanaged (solar 
radiation, walling, windows, and doors that cause additional 
convection currents in the room) [5, 6] . Important parameters 
influencing the indoor climate also include outdoor air 
temperature and pressure. If these parameter values are 
measured with high accuracy, short-term forecasting of 
changes in external weather conditions can be realized, which 
enables the system to respond to changes in the external 
environment in advance. 

Comfort Zone (optimal for the body combination of 
temperature, humidity, and air velocity) is provided for 
residential and public buildings in the warm season with the 
following parameters: air temperature 20–24°C, relative 
humidity 30-60%, and the threshold for air flow speed 0.25m/s. 
In the cold season, the optimal values for air temperature, 

relative humidity, and the threshold for airflow speed are 20–
22°C, 30–45%, and 0.5m/s respectively. Optimal conditions 
allow air temperature changes in the human host within the 
zone from 0.5 to 1.5°C. Thus, a comfortable dwelling can be 
achieved when the temperature, humidity, and air flow rates are 
known. 

II. MAINTAINING INDOOR ENVIRONMENT MICROCLIMATE

The central control unit of the system receives the 
following data: outdoor air temperature, outside atmospheric 
pressure outside, and the temperature at each point of the room.  

To make a decision on the need to regulate the 
microclimate in the room, a set of three linguistic variables are 
used [6, 7]. These are as follows: 

desiredcurrent TTT

Here, currenttT  is current value of the room temperature 

and desiredT  is desired value of the room temperature. 

Figure 1. Deviation of the current value of the given temperature 

Figure 1 illustrates deviation of the current value from a
desired temperature. This variable is the main indicator of the 
need for intervention by the developed control system for 
maintaining a desired microclimate. The system alternately 
iterates values of the temperature deviations of the temperature 

2017 First IEEE International Conference on Robotic Computing

978-1-5090-6724-4/17 $31.00 © 2017 IEEE

DOI 10.1109/IRC.2017.26

346



matrix, thereby analyzing the current state of the room 
temperature. The terms of the linguistic variable T are 
negative, neutral, and positive. 

Next problem is the rate of change of temperature of the 
field values at a certain point in the room as illustrated in
Figure 2. 

Figure 2. The rate of change of the temperature field values to a certain point 
of the room 

This variable reflects the reaction of the control object to 
external influences and shows the change in temperature over a 
certain finite time interval: 

12

12

tt
TT

T
dt

dT

Here, T1 and T2 are temperature values at the start and end 
times, respectively, t1 and t2 are start and end time points, 
respectively. 

The third main parameter is distance from the 
heating/cooling device to the most cold/hot room area that 
illustrated in Figure 3. 

Figure 3. The distance from the heating / cooling device to the most cold / 
hot room area 

This variable is the length of the vector, the origin of which 
is the place of installation of the heating / cooling unit, and the 
coordinates of the end of the vector are the coldest / hottest 
spots in the room space. This variable is needed to determine 
the rationality of use of a device: 

222
zyx OAOAOAOAS

Here, zyx OAOAOA ,,  are coordinates of the vector along 
the x, y, and z-axis, respectively. The terms of the linguistic 
variable are long distance, average distance, and short distance. 

The defuzzification process generates a set of output 
control signals for heating / cooling devices, which is regulated 
stepwise, in terms of power, as: 0, 25, 50, 75, 100%. The 
discreteness of regulating power is sufficient to control the 
temperature in the room with the given accuracy. The three-
dimensional surface of the fuzzy inference for controlled 
heating / cooling devices, depending on the room conditions 
parameters is shown in Figure 4. 

a. Three dimensioned surface of fuzzy logic for heating system 

b. Three dimensioned surface of fuzzy logic for conditioning system 

Figure 4. Three dimensioned surface of fuzzy logic for heating and 
conditioning systems 
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III. FUZZY LOGIC BASED CONTROL PROCESS

An intelligent control system, which is a control system 
with intelligent support, can solve a problem without human 
intervention, thereby making decisions on the choice of control. 
At present, intelligent control technologies include the 
following areas [1-3].

Intelligent control system—control system with intellectual 
support that is able to solve the heuristic problem without 
human intervention by using expert systems, fuzzy logic, 
neural network structure, and associative memory. 

When operating indoor process, the principle of situational 
management, which takes into account more fully the 
experience of experts, is fair. This controlling experience with 
sufficient detail can be described in terms of logical conditions, 
wherein the control actions on the process are linked with its 
state and external conditions. 

This approach is used as a basis for the construction of a 
control system in order to determine the direction of a fuzzy 
control system based on fuzzy logic. The generalized structure 
of the fuzzy control system is shown in Figure 5. 

Figure 5. Structure of the fuzzy control 

When creating a fuzzy control system, the following basic 
questions need to be addressed: 

- Presentation of the information used to manage in terms 
of fuzzy logic (fuzzification problem); 

- Formulation of the rule base of fuzzy inference based on 
the expert knowledge and algorithm definition of control 
actions; 

- Defuzzification describing control in terms of fuzzy logic 
in order to obtain the physical control actions in the system. 

Resolution of the above questions is related to the need to 
perform research and development of relevant mathematical 
models that are applicable to process management in the 
building. 

A. Fuzzification problem 
Traditional automated process control systems use linear 

models of objects based on some optimality criteria. Thus, the 
obtained regulators are optimal and resistant to laid down in 
their base models of real processes, facilities management or 
regulation. However, in most cases, optimization and 
linearization techniques applied to non-linear, dynamic, and 
clearly defined objects do not give the expected results in real 
process control. Owing to the increasing complexity of the 

structure of the objects and their role, the use of classical 
methods of management is becoming increasingly difficult. 

The proposed method uses a setting for environmental 
conditions suitable for human comfort, for the largest index of 
discomfort conditions: The system measures the room 
temperature and automatically selects the suitable mode. The 
selection is based on practical analysis. The standard 
preferences of people staying in the room are given as a 
sample. The values D reflect the levels of various factors; these 
values are dependent on human health and include temperature, 
humidity, air flow rate, the type of clothing (summer / winter), 
among others. 

B. Indoor Climate Control System Using Fuzzy Logic 
The micro-climate in the room is a fundamental factor for a 

healthy life and is determined by a number of physical 
quantities, such as temperature and humidity, the concentration 
level of harmful substances in it, and the rate of air flow 
(wind). These factors determine whether the subject 
experiences "thermal comfort"; is it hot or cold. Thermal 
comfort state is a condition where the body does not require 
thermoregulatory mechanisms, i.e., a human will not 
experience any tremors or sweating, and blood flow is
maintained at a constant rate in the peripheral organs. This 
condition corresponds to the thermo neutral zone. 

In order to maintain a given level of microclimate and 
indoor air quality, it is necessary to develop a control system 
with economical power consumption for a given set of 
operating conditions. The design of fuzzy controller is a 
cyclically flowing process that can achieve the desired quality 
of management only after several iterations. Figure 6 illustrates 
design and optimization of fuzzy controller procedure. 

The air flow control system in a large building should be 
designed for different modes of operations because external 
weather conditions and the number of people inside the 
building periodically change from day to night,  and from 
season to season. 

The problem is to determine the temperature corresponding 
to a level of control for the digital-to-analog converter 
regulator, the input variables of which are as follows: e 
(difference between the desired and actual temperature, ° C), 

e  (the first derivative of temperature change during the 
computing cycle, ° C/min)

tTtTe currentgiven

Here, tTgiven , tTcurrent  are the given and current 
temperature, respectively. 

Naturally, the increase in the cooling or heating level 
should correspond to the temperature difference at a given 
time. The rate of temperature change is given as follows: 
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As indoor temperature approaches the target temperature, 
the rate of temperature change therein will decrease, as well as, 
for example, the air condition cooling level. 

Figure 6. Fuzzy controller design and optimization algorithm 

We determine the linguistic fuzzy variables e  and e
fuzzy sets with corresponding identifiers for the membership 
functions e  and e . We also construct two 
membership functions. In one case, the argument is a 
temperature difference, in the second case, the argument is the 
rate of temperature change e . For the first function, the 
temperature range is -6 to 8 ° C, while for the second function, 
it is -6 to 8 °С/min. For e , e  (Figure 7) identifiers 
have the form: 

«Large Positive Deviation» (LPD),

«Average Positive Deviation» (APD), 

«Small Positive Deviation» (SPD), 

«Zero Deviation» (Z), 

«Small Negative Deviation» (SND), 

«Average Negative Deviation» (AND), 

«Large Negative Deviation» (LND).

The result of the combined effect of the two membership 
functions of the output parameter value is determined by the 
corresponding program embedded into the logic device. 

 
Figure 7. Fuzzy controller design and optimization algorithm 

With the help of the membership functions (Figure 8a), the 
desired operating modes of heating and cooling systems p
are determined. Fuzzy variables have the following identifiers: 
«Strong Cooling» (СЗ); «Average Cooling» (С2); «Slight 
Cooling» (С1); «Without Changes» (NO); «Heating 1» (H1); 
«Heating 2» (Н2).

Figure 8. Linguistic membership functions by the output parameter 

In a similar manner, the fan rotation speed based on the rule 
base fs  is computed (Figure 8b).  Fuzzy variables 
corresponding to fan speeds have identifiers as: "high» (Fast), 
«normal» (Med), «low» (Low), «zero» (Z).

Membership function at the output (Figure 8) shows the 
rule processing, which involves summing up the response 
signal to generate an output command. The chosen function 
that supplies the output consists of two heating levels (HI, H2, 
..), three cooling levels (C1, C2, NW, ..), and the norm level 
(NO).  

The terms listed in Table 1 show how the linguistic 
variables are used. They are obtained by summing the 
fuzzification for the response signal using the operator’s
intuition. When connected to the output membership function 
and the corresponding de-fuzzification, we obtain a clear signal 
for the control action. In this case, the control signal is 
determined by the level of heating or cooling on the basis of the 
data [-2, -1,0, 1,2,3, ...]. 
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TABLE I. RULES OF THE FUZZY CONTROL
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Temperature difference (e)
LND AND SND Z SPD APD LPD

LND C3 C3 C2 C1 NO NO H1
Fast Fast Med Slow Z Z Med

AND C3 C2 C2 C1 NO NO H1
Fast Med Med Slow Z Z Med

SND C3 C2 C1 C1 NO NO H1
Fast Med Slow Slow Z Z Med

Z C2 C1 C1 NO NO H1 H1
Med Slow Slow Z Z Med Med

SPD C1 C1 NO NO H1 H1 H2
Slow Slow Z Z Med Med Fast

APD C1 C1 NO NO H1 H2 H2
Slow Slow Z Z Med Fast Fast

LPD C1 C1 NO NO H2 H2 H2
Slow Slow Z Z Fast Fast Fast

e + very cold conditioner
- very hot

e + heat consumption ventilator
- cold consumption (heat 
output)

IV. CALCULATION OF COMFORT MICROCLIMATE 
PARAMETER FOR ALL COMFORT LEVELS

As noted earlier, for a complete description of the linguistic 
assessment of the state of comfort temperature setting, the 
conventional expressions used are (hereinafter referred to as the 
terms): "comfortable", "hot", "very hot", "cold", etc. To do this, 
a series of experiments were conducted to recreate a complete 
picture of the linguistic evaluation of the temperature setting. 

The experiment was carried out in two stages—in the cold 
and warm periods of the year. The cold season is characterized 
by an average daily outdoor temperature of 0 °C or below. The 
warm period of the year is characterized by an average daily 
outdoor temperature above 0 °C. 

These values are treated empirically by finding the resulting 
temperature, as it fully reflects the required parameters for each 
section of time. They are assigned a value averaged term. 

TABLE II. RULES OF THE FUZZY CONTROL

Cold season Warm season
term min, 

t, °C
max, 
t, °C

avg, t, 
°C

min, 
t, °C

max, 
t, °C

avg, 
t, °C

cold 14.89 16.71 15.80 15.13 17.53 16.33
cool 15.16 19.01 17.09 15.37 21.84 18.61
comfortable 16.87 24.28 20.57 20.16 26.12 23.14
hot 21.76 28.26 25.01 22.92 30.24 26.58
very hot 27.40 30.90 29.15 29.02 32.18 30.60

Now each parameter resulting temperature corresponds to 
its thermal, and obviously monitored the range of values for 
each stated term, the peak of which is the average value of the 
interval. 

Next, we build a table of linguistic variables for setting the 
room temperature. Subsequently, membership functions are 
built (Table 2) by using the method of scaling [5]. Therefore, in 
the cold season, we obtain the following: 

— "Cold" = A1; this value is determined in the range from 0 
to 1; in the range of 14.89°C=a1, where M(a) = 0, to 16.71°C = 
b1, where M(b) = 0. Inside the interval [al; bl], the point C1 is 
highlighted, which indicates indisputable membership values of 
x = c, where M(c)=1. Thus, the teachings in the cold season 
fuzzy set A1 take the following form: 

21

21

tt
tete

e

Where, ia
1

, i=1…6  is a value that belongs to [a1;b1]   Same 
to formula (6), the other members of fuzzy set will be 
determined. 

The apparent difference between the temperature 
perceptions of the environment in different periods of the year 
is observed in the range A3. All Fuzzy rules were elongated, 
which indicates a greater degree of modality of human 
perception of temperature sensations in the warm season. In 
[2], the obtained mathematical bell shaped membership 
functions for the linguistic argument "level of comfort during 
the cold season" is as follows: 

2
1

1 exp cxx

The output variable performs the role of the control action. 
To define the terms, we take an air heating system as a basis, 
which counteracts the standby process, and the air cooling 
system counteracts the temperature increase process [5]. These 
two processes, in any case, should not overlap; however, they 
should have the temperature boundary consisting of the same 
range of output values. Such an interval during the cold season 
should be on the left side of the linguistic variable x4 .

Based on the foregoing, the mathematical description of the 
linguistic variables in [4] using the Gaussian function and 
changes are as follows: 

11
11

1
1

11
11

1
1

,,cos
2
1

2
1

,,cos
2
1

2
1

bcxwhen
cb
xc

x

caxwhen
ac
cx

x

r

l

Here, the index l represents the left side, and the index r 
represents the right side of the linguistic variable. For the sake 
of convenience, the following description of the degree of 
comfort in the cold season and the correctness of the physical 
processes of the membership function take the form shown in 
Figure 3. Membership functions for the linguistic argument 
"level of comfort during the cold season" change in order to 
provide more detailed description of the temperature feeling. 
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The division of linguistic variables to "comfortable" and "hot" 
is made by finding points on xl3 , xr3 , xr4 ,

75.04 xr  using the expression (8). Thus, linguistic 
variables take the form of terms gradation: 

Very cold – x1 , when 80.151c oC 

Cold – x2 , when 09.171c oC 

Cool – x3 , when 24.191c oC 

Comfort – x4 , when 78.211c oC 

Warm – x5 , when 92.231c oC 

Hot – x6 , when 10.261c oC 

Very hot – x7 , when 15.291c oC 
At the fuzzification stage, the input physical variable is 

converted to the corresponding terms. The actuator is 
controlled using fuzzy logic works as follows: the signals pay-
offs undergo fuzzification, while the processed undergoes 
defuzzification, and the resulting data in the form of signals 
will arrive on a three-way heating valve or cooling system, the 
capacity of which (and therefore also productivity) will vary in 
accordance with the membership function value. 

To receive the rules based on the implication of 
information relevant to the expert’s knowledge 

yx 11 , which indicates a fuzzy relationship when 
sedate relation premises and conclusions, so let's call it fuzzy 
relations [4] and is denoted by R. In addition, the degree of 
membership of all the antecedent rules is determined as: 

yxR yx 11 ,min
11

Fuzzy rule "If it is very cold, then fully open the three-way 
valve" corresponds to the following matrix: 

01.001.001.001.001.071.16
01.025.025.015.025.043.16
01.025.05.05.05.029.16
01.025.05.075.075.05.16
01.025.05.075.018.15

94.77.8927.910,,
Cy

Vx o

To calculate the required output value holding the fuzzy 
defuzzification value when the input value is 15.8 ° C, by using 
the method of center of gravity, we obtain: 

5.9
01.025.05.075.01

01.0*)94.7(25.0*)7.8(5.0*)9(75.0*)27.9(1*)10(Z

This example shows temperature control according to one 
parameter. The most efficient approach to maintaining a 
comfortable environment inside the building with the use of 
fuzzy logic requires the consideration of all possible 
combinations of causal relationships between all comfort 
parameters. 

Therefore, by carrying out such analyses for all parameters, 
the optimal conditions for the comfort of human living 
conditions can be provided at a lower cost to the resources 
expended to achieve this result. 

Future research will include the consideration of all 
possible combinations of causal relationships between all 
comfort parameters.  

CONCLUSION

Energy-efficient operation in buildings has a great deal of 
attention worldwide. In this paper, based on fuzzy logic 
approach, to develop a power management controller is used. 
Bottom up method is used to achieve a load profile of the prior 
art. Consumption of electricity (capacity) and time of day are 
used as input variables to the fuzzy controller. The output 
signal of the controller is to reduce the load consumption of 
construction and energy savings. Residential apartments with 
different facilities are considered. Subsequently, the ranking is 
set for different devices so that the total load reduction can be 
achieved by activating on/off control of HVAC system devices. 
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