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ENSURING SAFE RESOURCE UTILIZATION OF LIVING SPACE THROUGH
CONTROL OF THE MICROCLIMATE OF A SMART HOME

The article is devoted to the research on ways of economical consumption of resources by virtue of the analysis
of the accumulated history of settings of the microclimate control system of a smart home according to the HVAC
system approach, depending on various factors (the presence of residents in the living space, meteorological indica-
tors and forecasts, time of day, etc.), as well as the obtained financial and energy benefit. The relevance of the topic
has been emphasized in the last two years due to the increase in the price of energy resources for the residential
sector and gas blackmail from the Russian Federation, as well as the need to transform the energy consumption
sector at the level of European standards and rebuild energy-independent climate-neutral cities in order to ensure
the European future and Ukraine's membership in the EU. As a result of the work, the set goal was achieved: the
possibility of energy-efficient remote control of actuators to reduce resource consumption is shown on the example
of a designed smart home with the function of indoor microclimate control. For this purpose, an intuitive interface of
the developed operator panel is proposed, which is served by a web application with a client-server architecture for
the accumulation of historical data for the purpose of performing regression analysis in the future.

Keywords: energy efficiency, resource saving, smart home, statistical data, microclimate, sensor, actuator.

BapkoBcbka O.H0., PociHcbkun [O.M., Mixannoe 1.0., BintoHoBuy M.C. 3ABE3NEYEHHA
SAOLLAONMBOIO  PECYPCOCMOXWUBAHHA  XWUTNOBMM  MNPOCTOPOM YEPE3 KOHTPOIb
MIKPOKNIMATY PO3YMHOI'O BYOAUHKY

PoboTa npucBaYeHa NoLykKy LUMSXiB 3a0LafnnBoro CroXMBaHHS PECYPCIB 3aBASKM aHani3y HaKonM4eHoi icTopii
HanalwTyBaHb CUCTEMM KOHTPOJSIH MIKPOKMiMaTy po3ymHoro 6yamnHky BignoBigHo Ao cuctemHoro nigxoay HVAC, 3a-
NEXHO Bif Pi3HMX pakTopiB (MPUCYTHOCTI MELLKaHLiB Y XXUTNOBOMY NPOCTOPI, METEOPONOriYHNX NMOKa3HUKIB Ta Npo-
rHO3iB, Yacy 400OM TOLLO) a TakoX OTPUMaHOi hiHAHCOBOT Ta EHEPreTUYHOI BUroau. AKTyarnbHiCTb TEMATUKN NigKpec-
MeHa OCTaHHi JBa POKM Yepes3 300POXYEHHS EHEPTrOPECYPCIB AJ1S1 XKUTIIOBOTO CEKTOPY Ta ra3oBuid WaHTax 3 6oKy
Pocincekoi deaepalii, a Takox vyepes HeobxigHICTb TpaHcopmalii chepn eHeprocnoXXmMBaHHSA Ha piBHI eBponen-
CbKWX CTaHAapTiB Ta BiAOY4OBW EHEProHe3anexHux KnimaT-HenTpanbH1UX MIiCT 3a4s 3abe3neyeHHst €BpONeCbKoro
ManbyTHboro YkpaiHu Ta ii uneHctBa B €C. OfHieto i3 NocTaBneHnx 3agad AocnigpkeHHs Oyno BU3HAYEHHS ro-
MOBHOTO BEKTOPY €Hepro3bepexeHHst Ta e(heKTUBHOTO BUKOPUCTAHHS EHEPropecypcy Npu NPOEKTYBaHHI PO3YMHUX
OyavHkiB. Ha npuknagi cnpoekToBaHOro Po3yMHOro OyaMHKY i3 dyHKLE KOHTPOSO MIKPOKMiMaTy B MPUMILLEHHSAX
NOKa3aHO MOXIMBICTb eHeproeeKTMBHOIO BiAAaNeHOro ynpasniHHA akTyatopaMu Ans 3HWKEHHS PecypCoCnoxXu-



BaHHSA y ByanHky. [Ins OCArHeHHs NocTaBneHoi MeTy Byro npoaHanisoBaHo iCHytoui BUMOTM 4O CUCTEM «PO3YMHUIA
OyAMHOK»; CMPOEKTOBAHO MiACUCTEMY KOHTPOSIIO MIKPOKMiMaTy; po3pobneHo 3acoby ANCTaHLiIMHOrO MOHITOPUHTY Ta
KepyBaHHs1 MikpokniMaToM ByamHky. Po3pobrneHuii Be6-3aCTOCYHOK € 3pyYHUM Ta 3po3yMinum, Hagae MOXMUBICTb
BCTAHOBIOBATMW iHAMBIAYarnbHi NOKa3HWKM TemnepaTypu, BONOroCTi Ta PiBHSA BYITEKMUCIIOrO rasy y pisHUX NpUMILLeH-
HAX MOMELUKaHHS, MiABULLYIOYM TUM CaMUM CTYMiHb KOMOPTY Ta AOCAraryy OAATKOBOIO 3HUXKEHHSI pecypcocmo-
xuBaHHSA. OTpMMaHi pesynbTaTi CTaHyTb OCHOBO AN NPOBEeAEeHHS NOAArnbLIOro PerpecinHoro aHanisy ans Bu3Ha-
YeHHS BNMMBY TakuMxX NPeauKTopiB, sk 0bpaHuin pexmm poboTu po3pobneHoi cuctemu, obpaHi Tunm obnagHaHHs,
METEOPOIOriyHi NOKa3HWKW, Ha perpecaHTiB — 3aranbHy KiMbKiCTb CNOXWBaHOI enekTpoeHeprii, (iHaHCOBI LLOPIYHI
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BUTPATU 3@ BUKOPUCTaHMIA pecypc.

KnrouyoBi cnoBa: eHeproehekTMBHICTb, pecypco3bepexeHHsl, PO3yMHUIN ByaMHOK, CTAaTUCTUYHI AaHi, MiKpOKMiMaT,

CEeHcop, aKTyaTop.

Problem statement. A “smart home”
should be understood as a system that is able
to recognize specific situations occurring in
the building and respond to them accord-
ingly. This is the most progressive concept
of human interaction with the living space:
a person sets the desired environment with
one command, and the automation, in accor-
dance with external and internal conditions,
sets and monitors the operating modes of all
engineering systems and electrical devices [1;
2]. An important feature and characteristic
of a smart home, which distinguishes it from
other ways of organizing living space, is the
ability to comprehensively use energy-saving
modes of operation of various subsystems,
achieving high energy efficiency. In addi-
tion, such systems should be available for
purchase by the majority of citizens in order
to ensure energy-efficient behavior of house-
holds and the rapid achievement of energy
independence of entire cities [3].

Being in the living space, people will
require, first of all, the safety and security of
the specific parameters of the microclimate
(air temperature and humidity, air move-
ment, fresh air supply) [4]. Therefore, the
key definition of the "smart home” system
can be considered as follows: “a complex set

of technical means and software for building
an integrated automation system of engineer-
ing subsystems”. These subsystems include
heating, water supply, air conditioning, and
lighting (Figure 1). Exactly in these subsys-
tems that the “Smartness” of the Home is
embedded — how it will react to changes in
the parameters of a set of sensors and emer-
gency situations, and how the correct opera-
tion of individual subsystems will be ensured
in the event of a failure of the central con-
trol part of the system or other parts of the
system.

The implementation of a smart home sys-
tem provides the following advantages [5]:

— unified control system that unites all
services and allows solving all tasks of a sin-
gle center;

— possibility of maximum saving of energy
resources;

— the possibility of convenient remote con-
trol of the building.

One of the most popular ways to realize
the concept of an intelligent home is the use
of the KNX standard, a communication bus
widely used for the automation of buildings.
This standard is a development of the ear-
lier EIB (European Installation Bus) develop-
ment. KNX products are distributed under

Possibility of joint operation of various engineering

systems of the building

Exclusion of housekeeping staff

The concept of "smart home"

Usage of energy-saving operating modes of subsystems

Ensuring the comfort and safety of a residential home

Figure 1. Component concepts of a smart home
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several trademarks, such as Instabus, ABB
i-Bus, Tebis, Theben. KNX is currently an
open global standard supported by more than
300 manufacturers worldwide. This technol-
ogy is a reflection of the logical development
of requirements for engineering systems of
buildings. In order to turn an ordinary home
into an intelligent one, according to KNX
technology, the following types of elements
will be needed (Figure 2):

— controllers;

— sensors (detectors);

— actuators (executive devices).

Sensors are a mandatory receptor of a
smart home [6; 7]. All sensors, used in a
smart home, can be conventionally divided
into two groups: those that monitor motion
and those that respond to environmental
parameters (Figure 3).

Analysis of recent research and publica-
tions. The creation of automated control sys-
tems for dozens of modern household devices
can greatly facilitate life and make it more
comfortable, which causes the spread of the
“smart home” concept. In addition to the cri-
terion of convenience, the relevance of this
topic is due to the fact that every year the
cost of resources consumed in everyday life
increases steadily, which naturally affects
the budget of every family.

One of the tasks of the research is to deter-
mine the main vector of energy saving and

-

Sensors that track
movement

Typification of
sensors of the "smart
home"

Sensors that
respond to
environmental
parameters

Smart Home

Central
controller

1

Devices that
perform the
received task

Sensors

Figure 2. Structure
of the “smart home” system

efficient use of energy resources when plan-
ning smart homes. One of the examples can
be the use of intelligent thermostats, which
adaptively respond to the climatic prefer-
ences of the residents of smart homes and,
thus, reduce utility bills, allow you to control
the heating and cooling system of the home
by phone or voice, set temperature regime
and choose energy-saving modes.

/- motion SEensor;
- presence sensor;
- presence indicator;
- broken glass notifier;
- photoelectric sensor;

- laser sensor of movement;

- cameras, microphones;
{etc.

- external temperature sensor; ‘

- internal temperature sensor;
- gas leak sensor;

- anti-fire sensor;

- water leak sensor;

- water pressure Sensor;

- humidity sensor;

- rain sensor;

- ete.

o

Figure 3. Typification of “smart home” sensors
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If we focus on the subsystem of a smart
home, which is responsible for a comfortable
microclimate, the first thing to consider is
the HVAC (heating, ventilation, air condi-
tioning) system, which is responsible for nor-
malizing the temperature regime, humidity
level [8; 9]. Table 1 reviews and summarizes
the main functions of climate-control in the
“smart home”, which are used and are rele-
vant today.

The purpose of the article. The goal of the
work is to show the possibility of energy-ef-
ficient remote control of actuators to reduce
resource consumption in the home on the
example of a designed smart home with the
function of indoor microclimate control.

To achieve the set goal, the following tasks
must be solved:

— analysis of existing requirements for
“smart home” systems;

— microclimate control subsystem design;

— development of means of remote moni-
toring and control of the microclimate of the
home.

Presentation of the research material and
its main results. Figure 4 presents a gener-
alized structural diagram of the placement
of the components of the “smart home” sys-
tem for monitoring the comfort conditions of
the residence. The presented scheme is built
on the basis of the Arduino WeMos D1 WiFi

UNO ESP8266 controller and includes the
following subsystems:

— air quality control subsystem;

— room temperature and humidity control
subsystem;

— monitoring and control subsystem.

A system simulation was performed to
demonstrate the connection of the components
and to check the functionality. Sensors are
connected and tested in sequence. Connected
sensors record the level of CO; in the room,
as well as the temperature and humidity of
the air. When the set range of readings is
exceeded, the values are gradually corrected
by turning on or off the operating devices —
heater, humidifier, air conditioner. The ini-
tial settings of the system, namely, the name
and password for the possibility of authorized
remote monitoring of the performance and
indicators of the system, as well as the rec-
ommended ranges of temperature, humidity,
carbon dioxide level, are stored on the card
reader and read by the controller at the start
of operation. The functioning of the proposed
system occurs in accordance with Figure 5.

The formalization of the logic of the sys-
tem's operation in automatic mode precedes
the drawing up of the layout and the per-
formance check on the finished device of the
system of automatic monitoring and con-
trol of the comfort conditions of the "smart

Table 1

Climate-control options in the “smart home” system

Function

Description

Heating control

ensuring a comfortable temperature in the rooms; reduces energy consumption
by keeping the room temperature at a set minimum level or warming up the
rooms before returning home

Warm floor control

automatic change of the floor temperature to the set parameters at the set
time of the day to reduce heating costs

Ventilation control

continuous monitoring of the carbon dioxide level in the premises; if
necessary, the ventilation system turns on automatically (if its operation is
not required, the equipment switches to energy-saving mode)

Fan coil control

system

control of blowing power and coolant supply, which are often used in rooms
with panoramic glazing; allows you to provide not only a comfortable climate,
but also the most silent mode of operation of this element of the heating

Humidity control

and air purification . . :
b allergic manifestations

automatic maintenance of the optimal humidity level; air purifiers help to
remove microparticles of dust, pet hair, etc., reducing the risk of possible

Complex control of
the microclimate

is used in the case when not only radiators can be used as a standard for
heating the room, but also a warm floor, air conditioner and fan coils are
connected, if the power of the radiators is not enough

Parameters, that

depending on the purpose of the room, the time of day or the presence of

set individually for
different rooms

people, the optimal climate will be maintained (for example, guest rooms that
should be in the "conservation™ mode the longest)

Continuous
monitoring of
climate-control
equipment

prevention of abnormal situations (for example, when the gas heater is turned
off, the electric boiler will automatically turn on, which will prevent freezing
of the coolant and notify the responsible person)

Bunyck 49. 2023
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/ Operator control panel for controlling the "smart home" :

30HH KOHTPONHD

D% Mame? Ipaddress®  Hu

System of monitoring and control of comfort in Room 1

- —

/ OLED display 0.96"
© Airquality
assessment sensor J.ZC £
3 12C 128x64
3 T % Switch
@ 2 2 Controller ‘ w;i‘c g
.E N £
BauTech MH- Arduino w
Z15C WeMos D1 Relay 1-channel 5V for
N WiF1 UNO Arduino Y
/Room humidity ™ » 2 ESP8266 ) . : .
and temperature S E f Exe(‘:utlve c.ie.vu:es:
assessment o .8 * air cqultloner;
sensor humidifier;
1:, ) - e fan.
\ SPI
DHT22 | Power Supply ] ’ Data storage unit

s

&

SD CARD READER FOR
ARDUINO

Figure 4. Generalized structural diagram of the placement
of components of the “smart home” system

home" residence. Digital inputs from the 2nd
to the 13th are used for connection; 0 and
1 inputs are used for data exchange between
the Arduino and the computer.

Ports 2 and 3 are used to connect a sensor
for determining the level of carbon dioxide
in the home. A software serial port is imple-
mented on them. Port 4 is used to connect
the DHT-22 humidity and temperature sen-
sor. Ports 5 and 6 are used to connect the
OLED screen to make sure the sensors are
working. Ports 7, 8 and 9 are load control
outputs that control the relay modules. Each
module has an amplifier on one transistor.
Ports 10, 11, 12, and 13 are used to connect
the memory card, which is powered by the
3.3 V pin on the Arduino board.

For testing purposes, the entire circuit
can be powered by a USB cable connected to

a computer. However, the platform is capa-
ble of connecting power from a source in the
voltage range of 9 V to 15 V.

There are six LEDs on the layout, which
symbolize turning on or off the temperature,
humidity and carbon dioxide control devices.

A client-server web application was created
in which the client interacts with the server
(based on the controller) using a browser to
implement the remote possibility of monitor-
ing and making changes to the permissible
ranges of temperature, humidity and carbon
dioxide levels in the room by the user (oper-
ator). The logic of the web application is dis-
tributed between the server and the client,
information exchange takes place over the
network, using the capabilities of the built-in
Wi-Fi module on the WeMos D1 board
(Figure 6).
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Sending a request to
the memory card

Add changes to the operation
of the controller

yes

Have user made
any changes?

|

NS

Indicators of the temperature
and relative humidity sensor

yes the temperature and Turn on/ off
humidity levels within the heater / humidifier
normal limits? etc.
|
lw

Indicators of the carbon
dioxide level sensor in the
room

v

Is the level
of carbon dioxide
within normal
limits?

Turn on the breezer, send an
electronic notification to the
user

yes

parameters in the premises of the "smart home”

[ Start |

Y

Control zone selection

v

Evaluation of the values of
temperature / humidity / carbon
dioxide level in the room

Enter the desired values

Figure 6. Logic of interaction with the system in remote mode

Is there
aneed to make changes
to the permissible
ranges?

<1

Is there
aneed to change the current
settings in the room?

no

Introduction of new temperature
/ humidity / carbon dioxide level
ranges in the room

 ma

Figure 5. Functioning of the system for monitoring and controlling microclimate
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a)
Figure 7: a) user roles on the administration panel; b) adding a new user by the administrator

Before starting work, an administrator
account is first created, which is granted the
following rights:

— add, configure rights and edit user
rights (Figure 7a);

— add control zones;

— set and change the permissible ranges of
indicators.

After creating a new account in the sys-
tem and setting up the user profile, it is pos-
sible to log in automatically or using a login
and password. Adding control zones, as well
as setting comfort indicators of temperature,
humidity and carbon dioxide level for differ-
ent control zones, is provided only for the
system administrator (Figure 8).

While in zone creation or editing mode,
the administrator can set the zone name and
desired ranges depending on the purpose of
the room (Figure 9). A user with rights other
than administrator rights can view statistics
and changes in indicators over the last time
(Figure 10).

Conclusions. “Smart home” is able to
comprehensively use energy-saving modes
of operation of various subsystems, achiev-

SmartHouse .oy

‘ HanawrtyBarHs kopucTyBaya Ans [user]

b)

ing high energy efficiency. One of the first
needs of a person who is in a living space is
to ensure certain parameters of the microcli-
mate. If we focus on the subsystem of a smart
home, which is responsible for a comfortable
microclimate, then the HVAC (heating, ven-
tilation, and air conditioning) system, which
is responsible for normalizing the tempera-
ture regime and humidity level, is primarily
considered.

One of the tasks of the research was to
determine the main vector of energy saving
and efficient use of energy resources in the
design of smart buildings. Using the example
of a designed smart home with the function
of indoor microclimate control, the possibil-
ity of energy-efficient remote control of actu-
ators to reduce resource consumption in the
home is shown. To achieve the goal, existing
requirements for “smart home” systems were
analyzed; microclimate control subsystem
was designed; tools for remote monitoring
and control of the microclimate of the home
have been developed.

The developed web application is convenient
and understandable, provides an opportunity

30HM KOHTPOMKO

+ CToopuTs HORY 30HY KOHTPOMKD

ID* MNames IPagpeens Boneriete ¥

1

2

3

4

BEyrARU ¥

Figure 8. Administrative panel
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Figure 9. Parameters for setting desired humidity,
temperature and carbon dioxide levels
for different control zones
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:
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a)

to set individual indicators of temperature,
humidity and carbon dioxide level in differ-
ent rooms of the home, thereby increasing
the degree of comfort and achieving an addi-
tional reduction in resource consumption.

The obtained results will be the basis for
further regression analysis to determine the
impact of such predictors as the selected oper-
ating mode of the developed system, selected
types of equipment, meteorological indica-
tors, on the regressors — the total amount of
consumed electricity, annual financial costs
for the used resource.

Further research will focus on:

JOHA KOHTPOMIO KyxH#

b)

Figure 10. User panels: a) view indicators; b) statistical analysis

— determination of the efficiency ratio of
the system according to established schedules;

— determining optimal system settings
depending on external weather conditions
and meteorological indicators (for example,
the possibility of using an air conditioner or
a boiler as a heater), as well as depending on
the presence of residents of the house (for
example, based on the presence of the MAC
address of the device of the residents of the
house in the list of devices, connected to local
Wi-Fi);

— forecasting annual savings to increase
financial motivation of consumers.
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