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Abstract

The present research paper is devoted to solving an urgent problem, i.e., the energy saving
and energy efficiency of buildings. A rapid settlement method and experimental control of the
energy conservation based on the specific characteristics of the thermal energy consumption
for the heating and ventilation of the buildings, and as well as the rapid development of
wireless sensor networks, can be used in a variety of monitoring parameters in our daily lives.
Today’s world has become quite advanced with smart appliances and devices such as laptops,
tablets, TVs, and smartphones with various functions, and their use has increased significantly
in our day-to-day lives. In this case, the most important role is played by a wireless sensor
network with its development and use in heterogeneous areas and in several different contexts.
The fields of home automation, process management, and health management systems make
extensive use of wireless sensor networks. In this paper, we explore the main factors of the
microclimate in an indoor environment. We control the temperature humidity, and other factors
remotely using sensors and Internet-of-Things technologies.
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1. Introduction

The microclimate in a room is a fundamental factor of a healthy life, and is determined by
many physical aspects, such as the temperature, humidity, concentration of harmful substances,
and speed of moving air (wind). These factors determine whether a person feels a “thermal
comfort,” i.e., a sense of hot or cold. Comfort occurs when the body does not require a
thermoregulatory mechanism, i.e., no tremors or sweating occurs, and the blood flow can
maintain a constant speed in the peripheral organs. This condition corresponds to a thermal
neutral zone [1]. The four physical factors are to some extent interchangeable with regard to
the feeling of comfort and thermoregulation needs. In other words, the feeling of cold caused
by a low-temperature air supply can be reduced corresponding to the temperature radiation of
warm walls. If the atmosphere feels stuffy, the corresponding feeling can be alleviated through
a reduction in the temperature or air humidity. Finally, if the radiation temperature is low (cold
walls), an increase in temperature is required.

Thermal comfort is defined as a condition in which satisfaction with the ambient temperature
is expressed. To this end, the physical and physical and biological factors are affected.

It is difficult to describe the general conditions that must be met for thermal comfort because
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various operating conditions occur under different situations.
Different conditions may be required even for the same work
when carried out by different people. The human body is con-
stantly releasing heat depending on its physical activity. As
an example, a calmly sleeping adult allocates an average of
about 80 W, and during great physical effort allocates about
300 W. The technical standards for the temperature conditions
required for comfort are not applicable to all regions owing to
the different climatic conditions and clothing traditions.

The temperature and humidity in the room are the most im-
portant parameters determining the state of comfort.

2. Climate Control Organization

To maintain a given level of microclimate and indoor air quality,
it is necessary to develop a regulatory system with economical
consumption and power for the specified operating conditions.

HVAC systems consist of a number of subsystems, each
of which may have nonlinear characteristics that vary with
time. Moreover, the parameters of a dynamic state usually
vary depending on the weather and disturbances. The use of
conventional management schemes for such technology and
management systems with a large number of adjustable param-
eters has been shown to be ineffective.

To control the HVAC system in a facility, a classical GDS-
regulation system can be used, although the HVAC system may
be affected when the object parameters are changed [2]. The
introduction of additional controls has certain disadvantages,
such as an inconvenient parameter setup, interference, and slight
deviations from the set values.

Fuzzy logic control allows many regulatory shortcomings
to be eliminated, and is based on the use of standard transfer
functions. A control algorithm based on fuzzy logic can be ob-
tained from an analysis of the process used to maintain a given
indoor environment, and optimized by changing the operating
mode. Through this system, many advantages including a pow-
erful anti-interference, more rapid actions, and high operation
reliability are achieved.

Considering both its advantages and disadvantages, fuzzy-
logic based control is at least an adequate alternative solution.
One of the main advantages of such systems is an easy migration
without changing the structure of the control circuit. Compared
with traditional automatic control methods, the application of
fuzzy systems allows one to quickly analyze the data and ob-
tain the results with a high level of accuracy. A characteristic
feature of methods solving the problems of fuzzy logic is the

availability of a set of rules consisting of a set of conditions and
conclusions. Fuzzy control methods are now one of the most
important steps in the development of smart technologies for
creating a highly organized management system.

A special quality-control system, in particular, has low sen-
sitivity to changes in the control parameters of an object. The
synthesis of control systems with fuzzy logic in the application
of modern hardware and software support is simpler than the
synthesis of traditional management systems.

However, this is usually insufficient to control the air temper-
ature mode.

The control system consists of a cooler (1), a heater (2), a
humidifier (3), a regulated fan (4) that provides an air supply, a
fuzzy controller (5), outside temperature sensors (6), an outdoor
humidity sensor (7), inside temperature sensors (8), indoor hu-
midity sensors (9), control zones (10), and air channel systems
(11).

This system was designed for climate control of a building,
and for increasing or lowering the temperature and relative
humidity.

2.1 Temperature

Adjusting the air temperature in a “smart house” system is
carried out with the help of special sensors placed inside and
outside. They measure the temperature, and if it does not meet
the specified criteria, send a signal to the main control panel.
Next, a number of measures to achieve the optimum perfor-
mance are applied, including automatic temperature control,
which maintains the set temperature of the room. In addition,
the available range of temperatures is zero to 125◦C.

A condensed electric heating system that can be programmed
on a weekly or monthly cycle of heating is used. Temperature
control in a room is somewhat more complicated. A thermostat
should not only be able to control the heating of the air and the
fan speed, but also the optimum temperature control algorithm
for the air-cooling of the air-conditioning system [3].

The task is to determine the temperature corresponding to
the level of control of the digital-to-analog converter regulator,
the input variables of which are as follows: e, which is the dif-
ference between the desired and actual temperature in Celsius,
and ∆e, the first derivative of the temperature change during
the computing cycle, in◦C/min.

∆e = Tgiven(t)− Tcurrent(t), (1)

where Tgiven(t) and Tcurrent(t) are the given and current tem-
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peratures in◦C/min.
Naturally, the greater the temperature difference at a partic-

ular moment, the greater the required increase in cooling or
heating rate. The rate of change of temperature is indicated as

∆e =
e(t1)− e(t2)

t1 − t2
. (2)

As the temperature of the room approaches the set point, the
rate of change of the temperature will decrease, for example,
during the air-conditioning cooling step.

We define the linguistic variables for fuzzy e and ∆e fuzzy
sets using the appropriate identification for membership func-
tions µ(e) and µ(∆e).

We construct two membership functions. In one, the argu-
ment is the temperature difference (e) (Figure 1(a)), and in the
second, the argument is the rate of temperature change (Fig-
ure 1(b)). The first function has a temperature range of −6 to
8◦C, and the second function has a temperature range of −6

to 8◦C/min. For µ(e) and µ(∆e) (Figure 1), the identifiers are
defined as: the deviation is strongly positive (PB), the deviation
is moderately positive (PM), the deviation is slightly positive
(PS), the deviation is zero (Z), the deviation is slightly nega-
tive (NS), the deviation is moderately negative (NM), and the
deviation is strongly negative (NB).

The result from the joint effect of the two membership func-
tions of the output parameter value is determined through the
corresponding program embedded in the logic device.

With the help of the membership function (Figure 1(a)), the
desired mode of operation of the heating and cooling systems
is given. The fuzzy variables are the identifiers, “strong cool-
ing” (C3), “moderate cooling” (C2), “slight cooling” (C1), “un-
changed” (NO), “heating 1” (H1), and “heating 2” (H2), and
are calculated using the fan speed based on a predetermined
rule base (Figure 1(b)). The fuzzy variables corresponding to
the fan speed identifiers are “high” (fast), “normal” (moderate),
“low” (low), and “zero” (Z).

The function accessory output (Figure 2) shows the rule pro-
cessing, and sums the response signals to generate an output
command. The selected functions in this paper supply an output
consisting of the two heating levels (H1 and H2), three cooling
levels (C1, C2, and C3), and normal level (NO), and it is pos-
sible to imagine several different levels of additional heating
or cooling, with a heating value of greater than H1 or H2; in
addition, the value of C3 is greater than that of C2 and C1.

The rules are listed in Table 1, and are shown as the applied
linguistic variables obtained by summing the fuzzification for a

(a)

(b)

Figure 1. Linguistic membership functions for the input parameters.

Figure 2. Linguistic membership functions for output parameters.

response using operator intuition [4]. When connected to the
output membership function and the corresponding de- fuzzifi-
cation, a clear signal to the control action is obtained. In this
case, the control signal is determined based on the level of
heating or cooling from the data [−2, −1, 0, 1, 2, 3...].

The relationships between the input and output are listed in
the table of fuzzy rules (Table 1). Each entry corresponds to
a fuzzy rule. For example, if the current internal temperature
is 30◦C and the preset temperature is 24◦C, which means e =

−6◦C (NB), and if the deviation is strongly positive, then the
room is cooled to level C3, the fan speed is “very high” (fast),
and the heating rate will be equal to zero. The logical notation
is as follows: if e = NB, C3 is used and the fan speed is fast.

Communication between the input and output data is achieved
through a distinct linguistic transformation of the input data.
The input membership functions can be found through the impli-
cation and a summation using the rule base and defuzzification
of linguistic output in numerical values (degree of heating or
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Table 1. Fuzzy control terms

Temperature difference (e)

NB NM NS Z PS PM PB

NB C3 C3 C2 C1 NO NO H1

Fast Fast Med Slow Z Z Med

NM C3 C2 C2 C1 NO NO H1

∆e
Rate
of

tem-
pera-
ture

change

Fast Med Med Slow Z Z Med

NS 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

PS C1 C1 NO NO H1 H1 H2

Slow Slow Z Z Med Med Fast

PM C1 C1 NO NO H1 H2 H2

Slow Slow Z Z Med Fast Fast

PB 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)

cooling). Negative numbers refer to the degree of heating, and
positive values refer to the degree of cooling. The output value
of the controller is a discrete number of [−2, 1, 0, 1, 2, 3...].

2.2 Ventilation

Fresh air is one of the main advantages of a house. However,
the hope that fresh air would be in the room itself or exclusively
through air vents, a big mistake. This is particularly true of
premises with a complex geometry and functionality.

The main feature of an intelligent ventilation control system
is the ability to analyze the need for a ventilation of the premises.
Each room in a house or apartment selects a comfortable atmo-
sphere. In addition, “intelligent” ventilation only works when
needed. For example, the system turns on during the evening to
allow cool air to come into the bedroom overnight. However, if
the residents are at home, the system stops.

“Intelligent” ventilation is not only able to bring fresh air
into the home, but it also ensures that the air is as clean as
possible. Such a system is controlled based on the schedule, e.g.,
the ventilation is switched on automatically at a certain time,
for example, one hour before bedtime, or smoke detectors are

triggered in the case of high concentrations of carbon dioxide
[5]. Under the optimum air parameters, the system will operate
in economy mode. Intelligent ventilation, which ensures that a
home has a constant influx of fresh air, removes contaminated
air, does not allow street noise to enter, and creates a healthy
climate, all without the user’s participation or control.

2.3 Humidity

The optimal humidity for normal human life is considered to be
40%-60%. Deviations in either direction can lead to negative
consequences. In particular, overly dry air reduces the body’s
resistance to viral diseases, and too much humidity in a room
promotes the growth of mold and mildew, and causes a variety
of allergic reactions [5].

Achieving the optimum humidity level is not so simple. A
normal air conditioner is not able to cope with such tasks. To
help with this situation, come special humidifiers and dehumid-
ifiers that can be successfully used in a “smart home” system
have been developed. Special sensors monitoring the humid-
ity levels send signals to the control unit, which automatically
adjusts the performance by dehumidifying or humidifying the
air.

2.4 Air Conditioning

Air conditioners are used in many apartments and houses. Cur-
rent models are characterized by a high functionality and a
variety of designs. However, such equipment is not always
used effectively [6]. To solve this problem, a “smart home” sys-
tem can be used that will set the operation of such equipment,
namely, automatically turning on or off all air conditioners in-
stalled in different rooms, or each unit separately, to regulate
the temperature, intensity, and air flow direction.

3. Architecture of the System

A base station located indoors is tied to a personal profile in the
cloud. The base station processor determines what to do with a
breather, air conditioner, and other actuators. Teams are based
on user preferences. Peripheral sensors are located in other
rooms, and communicate with the base station through an RF-
channel. The communication base station is built with actuators,
which are also on an RF-channel. Communication is made with
third-party devices using an IR module that can be purchased
additionally. A IR module is also a peripheral device that com-
municates with the base station using the same RF-module. The
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Figure 3. Architecture of the proposed system.

Figure 4. Graph of changes in the internal and external temperatures
of the building climate control system.

backend and frontend connect through any Internet communica-
tion channel using Wi-Fi, 3G, or other networking type. Figure
3 illustrates the architecture of the proposed system.

In a cloud-based server, all parameters regarding the micro-
climate, information on the system architecture, and the state
of all actuators are given through a personal user profile. Big
data are immediately analyzed, and the correlation for teaching
the computational algorithms is tracked.

Control actuators on a smartphone are applied indirectly
through the backend along the entire chain: frontend - Internet -
backend - Internet - Wi-Fi - RF.

To demonstrate the fuzzy controller, we used a dynamic build-
ing model [6]. Schedule changes in the internal and external
temperatures of the building climate control system and errors
are shown in Figure 4.

The transient characteristics of the system with a stepwise
temperature change (one step −6◦C) within a given range (tar-
get temperature controller, 24-30◦C) for a change in time of
500-second steps are shown in Figure 5. The settling time is
relatively small (±10% of the final value of 30◦C). When the

Figure 5. The step-wise response of the system to a step-wise change
in the set temperature.

Figure 6. Functional diagram of the experimental setup for climate
control system.

outside temperature falls to 30◦C, a static error begins to appear.
These relationships show how well the system should track the
target temperature.

Single-phase electricity meters are designed for direct con-
nection of AC electrical energy at 50 to 60 Hz. A counter
may also be used in automated systems control and in the dis-
tribution of electrical energy. Using all of these devices and
described principles, a prototype of the climate control system
was developed. Figure 6 shows a functional diagram of the
experimental setup used for the climate control system.

The installation allows labs to study the regulation of fuzzy
logic. The composition of the stand is as follows:

- physical model of the premises;
- fuzzy controller (microprocessor control unit);
- sensors for external and internal temperature and humid-

ity conditions;
- heater;
- air conditioning unit;
- steam humidifier; and
- personal computer.

The physical model is implemented as a space partially iso-
lated from the surrounding room environment (6 m × 3 m ×
2.5 m room size), and includes temperature sensors, humidity
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sensors and actuators, i.e., a heater (with two operating modes,
the first at 1,000 W, and the second at 2,000 W), a steam hu-
midifier, and an air conditioner with four modes of 500 W each,
and acts as a ventilation system. The sensors and actuators are
spaced in the physical model to ensure the least interference in
the control loop when the system is operating.

4. Calculations

For each zone, the indoor environment is characterized by high
occupancy rates and the movement of people, which affect the
design of the microclimate parameters. Of particular impor-
tance is the level of humidity regulation for an indoor environ-
ment.

Based on the above, and taking into account the purpose of
separate rooms designated for different types of activities, one
can determine the minimum design parameters of the volume
flow rate for individual rooms. The calculations should take into
account the amount of air water vapor produced by sweating,
as well as the number of people. Calculating the volume flow
based solely on the required air exchange data (usually from
60 to 120 m2/h per person) is insufficient because a correction
for the post-dripping and heat demand is necessary. After deter-
mining the total volume of water generation in the room (Qmv),
the volumetric flow rate of air required to remove moisture
from the air is determined based on the difference between the
absolute humidity and the internal supply air, and is calculated
as follows:

Qma =
Amu
xa
− xm, and (3)

V − a =
Ama
pa

. (4)

The amount of air needed to neutralize the physical heat
load (qs) is determined based on the difference in temperature
between the inside of the room and the fresh air outside, and is
calculated as follows:

Va =
QS(thermalloading)

0.34 ·∆t
. (5)

It should be noted that, during physical exercise, the human
body consumes appreciable amounts of oxygen from the air.
Thus, the more intense the activity intended for the room, the
more important it is to provide the required air exchange, re-
gardless of how much the actual heat and humidity of the room
satisfy the regulatory requirements or the calculated data. To

provide the necessary comfort, the rooms in operation should
be continuously fed with a constant influx of outside air.

Based on a comparison of the internal and external factors, a
microcontroller calculates the target temperature in the building
every minute. In this calculation, not only are data obtained
from the sensors for a particular moment used, but so is the
background state of the building’s microclimate. The features
of this algorithm are as follows:

- the ability to maintain the desired indoor climate;

- coordinated management of the entire climate control
system, which allows the optimum ratio of heat saving of
the resources and the quality of the climate control to be
achieved; and

- monitoring of the actual thermal capacity heating and
ventilation circuits, as well as the redistribution of heat
flows when the circuits are operating improperly.

The software system allows one to archive and graphically
display all set and measured climate parameters in real time, and
to calculate them in accordance with predetermined algorithm
control actions. Every minute the controller transmits infor-
mation on 28 measured and calculated values. The program
provides real-time analysis of the systems management and
delivery of the text mode and diagnostic alarms. The climate
change parameters, control strategy, setting adjustments of the
algorithm, calibration coefficients of all measurement sensors,
and the limit values of the measured quantities above, which are
issued by the appropriate diagnostic and alarm messages, are
all given in tabular form. When transferring the set values and
climate parameters that affect the management to the master
controller, the data entered are automatically controlled in terms
of admissibility, and thus the transmission of incorrect values is
avoided.

The software system allows the dynamics of the climate dur-
ing the day to be set in tabular form and graphically displayed
according to the specified requirements.

The thermal processes of a heated space are a series of in-
terconnected heat exchange sub-processes, and heat transfer
between the elements of the system include the indoor air, build-
ing fence, internal contents, heaters, and ventilation system.
These elements interact with each other and the environment
through heat and mass transfer. For the building fence, air
and heat exchange element boundaries are achieved through
convection and radiation, respectively. In addition, the heat is
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transferred through convection from the radiators to the inter-
nal air space. The heat from the inner to outer surface of an
enclosure is passed through a heat transfer. In addition, energy
partitioning is carried out based on the heat transfer processes
through the facilities. In addition to the thermal processes, mass
transfer processes should be considered owing to the need for
room ventilation.

Thus, a heated building can be displayed on the graph G =

{X,U}, where X is the set of vertices, each of which is xk
(k = 1, n), which corresponds to the internal air space of
the k-th building, and U is a plurality of edges, each of which
corresponds to the heat or material flow between adjacent rooms.
We should also highlight the vertex of x0, which represents the
ambient air.

Each vertex of the graph xk may have thermodynamic param-
eters of air, Vk and Tk, which are the volume and temperature,
respectively. For Uij , each edge corresponds to a vector (Hij

,cij , ρij , Fij , λii), where Hi is the thickness, Fij is the surface,
ij c is the specific heat, ρij is the density, and λij is the fencing
of thermal conductivity between the elements of the structures
of i and j. In addition to these system parameters defining
purely thermal processes, one must also enter the parameters
responsible for the mass transfer associated with the ventila-
tion of the premises and the possible exchange of air masses
between rooms. This parameter can be viewed obliquely in
symmetric matrix Gij (i, j = 0, n) for the weight (or volume)
of air flow between the i-th and j-th elements.

Each edge of the structural graph uii symbolizes the heat
flow j of qii for element xi to element xj . In turn, the heat
flow qii is determined by the laws of heat transfer in accordance
with which, within the fence between the i-th and j-th rooms,
a Tii(x, t) unsteady temperature field is formed, where x ∈
[0, Hii] is the linear coordinate perpendicular to the surfaces
of the fence. The specified temperature field described by the
differential equation of heat conduction is

∂Tij
∂t

= aij
∂2Tij
∂x2

, (6)

where aij =
λij

cijρij
the coefficient of thermal conductivity.

At the boundaries of the fence, x = 0 and x = Hij , the
temperature satisfies the third type of boundary conditions,
whereby the convective heat flux from the air to the fence is the
heat flow inside the enclosure, i.e.,

α(Ti − Tij(x, t))x=0 = −λij
(
∂Tij(x, t)

∂x

)
, (7)

α(Tij(x, t)− Tj)x=Hij
= −λij

(
∂Tij(x, t)

∂x

)
x=Hij

, (8)

where α is the convective heat transfer coefficient.

In turn, the temperature Ti of each structural element can be
determined based on the heat balance equation, which has the
following form :

cvρBVi
dTi
dt

=α

n∑
j = 0
j 6= 0

Fij(Tij(0, t)− Ti)

+ cp

n∑
j = 0
j 6= 0

Gij(Tj − Ti) + αFai(Tai − Ti)

+Qi(t), (9)

where cv and cp are the specific isochoric and isobaric heat
capacities of air, respectively; ρB is the density of air; Fai and
Tai are the surface area and temperature of the internal battery
in the i-th room, respectively; and Qi(t) is the heat flux from
the heat supplied from the heaters..

Eqs. (6) and (9) of the system need to be supplemented
through a system of differential equations describing the ther-
mal processes in the internal battery, which consists of various
production equipment, furniture, and other space-filling objects:

ci
dTai
dt

= αFai(Ti − Tai), (10)

where ci is the capacity of the heat accumulators.

Thus, the mathematical model of the thermal processes of
a building to be heated is a system of n(n− 1)/2 differential
equations in the partial derivatives of form (6) with boundary
conditions (7) and (8), and a system of 2n ordinary differential
thermal balance equations (9) and (10). For integration of the
system of (6), (9), and (10) it is necessary to set the initial con-
ditions for the temperature Ti (i = 1, n), the initial distribution
of temperature fields Tij(x, 0), and the laws of the heat Qi(t)
and mass transfer Gij(t). The results of such integration will
be function Ti(t), i.e., changes in air temperature.

5. Conclusion

This paper illustrated that the optimal levels of temperature,
humidity, and air cleanliness in an apartment or house can be
easily achieved by integrating all techniques aimed at solv-
ing all problems, i.e., a “smart home” system. The method
of construction of a mode of regulation of temperature with
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low consumption of energy in conditions of uncertainty in a
finding of an optimum mode of rating values of parameters
of thermal systems and maintenance of an economy effort of
energy is developed. The structure of an energy-saving auto-
matic control system was developed for thermal buildings under
uncertain conditions. Coordinated operation of the various sen-
sors that monitor the weather indoors, as well as the switches,
control panels, and other devices can be applied automatically
without human presence to ensure maximum comfort for all
family members. The costs of the design and installation of the
equipment will pay off within a short period of time by saving
necessary resources.
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