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The technology of a smart house is mostly understood as a system that combines a number of subsystems that provide
comfortable living conditions for residents in the room and make it possible to significantly reduce energy costs. A house is called
smart if it has a certain computer or control system for managing engineering equipment, "Smart House" should be designed so that
all services can be integrated with each other with minimal costs (in terms of finances, time and effort), and their maintenance would
be organized in an optimal way.

The "Smart House" system should competently allocate resources, reduce operating costs and provide a clear control and
management interface. Such an intelligent system should be able to recognize specific planned and emergency situations occurring
in the home and respond to them (make decisions) in accordance with the given program. Therefore, today the urgent task is to
recognize the situation and support decision-making in the "Smart House" cyber-physical system.

The conducted overview of methods and tools for situation identification and decision-making support in the "Smart House"
cyber-physical system showed that: in existing solutions, situation recognition occurs only for one of the groups of the system of
managed housing functions or does not occur at all; existing solutions provide decision-making support for only one of the groups of
the system of managed housing functions or do not provide it at all; the available solutions do not provide for the possibility of
assessing the sufficiency of information for decision-making in the "Smart House" cyber-physical system.

Therefore, there is a need to develop such methods and tools for situation identification and decision-making support in
the "Smart House" cyber-physical system, which would: perform situation recognition for all 5 groups of the system of managed
housing functions; provide the decision-making support for all 5 groups of the system of managed housing functions; perform an
assessment of the sufficiency of information for making all decisions in the "Smart House" cyber-physical system, which will be the
focus of the authors' further efforts.
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TETSHA I'OBOPYIIEHKO, CEPI'Ti1 AJIEKCOB,
CHDKAHA TAJIAITY VK, OJIEKCIM IOITNJIIOK, BIKTOP MAT IIH

XMeNbHUNBKHUI Hal[lOHAIBHUH YHIBEPCUTET

OI'JISII METO/IB I 3ACOBIB PO3II3HABAHHSA CUTYAIIIL TA MIATPUMKHA
MNPUMAHSATTA PILEHD ¥ KIBEP®I3UYHIA CUCTEMI «PO3YMHUM BYJIUHOK»

7lig TexHosIorien po3yMHOro 6yAMHKY 34€O6IILLIOIO PO3YMitloTb CUCTEMY, O OOEAHYE B COOI psaa MigcicTeM, SKi
3a6e3rneyytoTe KOM@BOPTHI YMOBU MPOXUBAHHS MELLIKAHLIIB Y MPUMILLEHH] Ta HaAaroTb 3MOry CYTTEBO 3MEHLLINTH BUTPATH €HEPrOHOCIB.
BYANHOK Ha3MBAETLCS PO3YMHUM, SIKIYO B HbOMY HAsBHA M1E€BHA KOMITIOTEPHA YY1 KOHTPOJIIOOHE CUCTEMA YIIPaB/IiHHS HKEHEPHUM
OCHALYEHHSIM. «PO3yMHMII GYANHOK» NOBUHEH BYTU CIIPOEKTOBAHMY Tak, LYO6 BCI CEpBICU MO/ IHTErpyBaTHUCsS O4MH 3 OfHUM 3
MIHIME/IbHUMYN BUTPATamMu (3 TOYKY 30py IHAHCIB, Yacy [ TpYAOMICTKOCTI), a ix 06C/1yroByBarHs 6y/10 6 OpraHi30BaHo OnmTUMasIbHUM
YYHOM.

Cuctema  <«Po3ymMHWY  GYAMHOK» [OBUHHA TPaMOTHO PO3IIORIATU DPECYDCH, 3HWKYBATH eKCIUIyaTauiviHi Butpatv i
3a6e3reyyBatv 3po3yMimi IHTEDGENC KOHTPOIO | yripas/iiHHS. Taka IHTENEKTYa/IbHa CUCTEME [1OBUHHA BMITU pPO3I1I3HABATU
KOHKDETHI 3ar/iaHoBaHi Ta Hag3BUYaviHi cuTyauli, Lo BiaGyBaloTLCS Yy MOMELKAaHHI, | pearyBatv Ha Hux (MpmimMatu pillieHHS)
BIAMOBIAHO A0 334aHOI" riporpamu. OTXKE, Ha CbOrogHI aKkTya/IbHUM 33BAAHHAM € PO3IT3HABAHHS CUTYALIT Ta MATOUMKN MPUIHATTS
DilLIeHb y KIOEDDIZNYHIV cCUCTEMI «PO3YMHUI ByANHOK.

[poBegerHmi ornisg METo4IB | 3aco6IB Po3IiBHaBaHHS CUTyaLii Ta MIGTPUMKA MPUAHSTTS PILLEHD Y KIGEP@GIZUYHIU cncTemi
«Po3ymMHm GyANHOK» [10K33aB, LLYO. B HASBHUX PILLEHHSIX PO3ITBHABaHHS CUTYaLIiv BIAGYBAETHCS /IMLLIE A/1S O4HIET 3 rpyr cucTtemu
KEPOBaHMX QYHKUIN XUTsia 860 HE BIABYBAETLCS B3arasl; HasBHI PILUEHHS MEPELGAYAOTE MIATPUMKY MPUUHATTS PilleHb e /15
OfHIEI 3 TPpyn CUCTEMU KEPOBAaHUX @YHKUIM XUTia abo He Nepeabaqarots il B3arasj; B HAsBHUX PILLEHHSX HE NEPEA6AYAETHCI
MOXJ/MBICTB OLIHIOBAHHS AOCTATHOCTI IHQOPMAELIT 4151 MDMIHSITTS PILEHD Y KIOED@DBUYHIV CCTEMI «PO3YMHUM ByANHOK».

OTKE, BUHUKAE HEOBXIAHICTb B PO3POBIIEHHI TaKUX METOLIB | 3aCO6IB PO3ITI3HABAHHS CUTYaUii Ta MIGTPUMKM MPMHSTTS
DILlIeHb Yy KIGEP@IZUYHIN cucTemi «Po3yMHm GyAMHOK», SKI 6. BUKOHYBa/IM PO3IIBHABaHHS CUTYaUWi 418 BCIX 5 rpyrn cuctemu
KEPOBaHuX QyHKUIM XuTna; nepesdadvanv rigTpuMKy MpuMuHSTTS pilueHs A1 BCIX 5 rpym cuctemu KepoBaHux Q@yHKUIE XuTia;
BUKOHYBA/IM OLJIHIOBAHHS AOCTATHOCTI IHGOPMALIT 4715 IPUVHSITTS BCIX PilleHb Y KIbEp@BuYHIT cucTemi «Po3ymHmA 6yANHOK», Ha LYo
U 6yayTb CrIpSMOBaHi ogasbiLul 3ycniis aBTopiB.

Kto4oBi  crioBa. KibepgiznyHa cuctema <«Po3ymMHmA GyanHOK», CUCTEMa KEPOBaHWX @QYHKUIM XWTE, KepyBaHHS
MIKDOK/IIMaTOM XXUT/IE; KEPYBAHHS OCBIT/IEHHSIM; CUCTEMA OE3IEKN, KEPYBAHHS CUCTEMaMu MyJIbTUMELI, KEPyBarHHs 06yTOBOK0
TEXHIKOIO Ta E/IEKTPOMEDEXEIO.
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Introduction

"Smart House" is a living environment of a modern type, organized for people to live with the help of
automation and high-tech devices that form an intelligent control system to ensure the coordinated and automatic
operation of all engineering networks of the house [1]. The technology of a smart house is mostly understood as a
system that combines a number of subsystems that provide comfortable living conditions for residents in the room
and make it possible to significantly reduce energy costs [2]. A house is called smart if it has a certain computer or
control system for managing engineering equipment [2]. "Smart House" should be designed so that all services can
be integrated with each other with minimal costs (in terms of finances, time and effort), and their maintenance would
be organized in an optimal way [3].

The "Smart House" system competently allocates resources, reduces operating costs and provides a clear
control and management interface. Such an intelligent system should be able to recognize specific planned and
emergency situations occurring in the home and respond to them according to a given program: one of the systems,
according to the programmed algorithm, can control the behavior of others [1].

An important feature and property of the "Smart House", which distinguishes it from other ways of organizing
the living environment, is that it is the most progressive concept of human interaction with the living space, when the
resident of the house chooses one of the programmed scenarios, and the automated control system in accordance with
external and internal conditions sets the parameters and monitors the operating modes of all engineering systems and
electrical devices [1].

The system of managed housing functions consists of five main groups [1]:

1) housing microclimate management;

2) housing lighting control;

3) housing security system,;

4) management of multimedia systems of housing;

5) control of household appliances and power grid of housing.

Creating and maintaining an optimal home microclimate is the most important condition for high efficiency,
productive rest and health of residents of a house or apartment. The climate control system in the room makes it
possible to set the optimal level of temperature, humidity, the amount of fresh air inflow, control the operation of the
air filtration system, and create an individual climate system for each family member, in particular, for a child [1].

Lighting control of the residential environment is divided into control of three types of lighting: natural,
artificial and light dynamics (Fig. 1). In order to regulate the illumination of the premises by natural daylight and
shade the windows in the evening, the "Smart House" system controls the positions of the blinds and shutters, as well
as the mechanical opening and closing of the curtains. The intelligent system for managing artificial lighting sources
regulates the brightness and number of lighting devices for each individual room or functional zone, depending on the
time of day, weather conditions, and the type of activity of the residents at a specific time. One of the important
possibilities of the "smart house" is the creation of dynamic light scenarios, when pressing one button turns on the
optimal lighting for a particular situation [1, 4, 5].

Fig. 1. Typical implementation of a lighting control system
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The security system in the "Smart House" system has several areas of protection: protection against intrusion,
protection against water and gas leaks, fire safety, video surveillance system, alarm buttons and simulation of the
presence of the owners at home [1, 5, 6].

In addition to the service function, the "Smart House" is also equipped with internal multimedia systems for
the entertainment of the owners of the house and their guests: multiroom (multi-zone audio and video distribution
system), media server, home theater (Fig. 2) [1].

Fig. 2. Typical implementation of the "'multiroom" system

The management of household appliances and the electrical network is an important part of the overall
complex of intelligent management of the housing environment. The following components can be attributed to it:
scenarios for switching on or off the equipment, control of individual sockets or their groups, control of household
appliances (Fig. 3) [1, 7].

Fig. 3. Typical implementation of remote control in the house

Systems of intelligent control of the housing environment have a wide range of functional purposes, perform
numerous operations according to many scenarios [1, 8].

A homeowner doesn't need to have deep programming knowledge to operate such a powerful system, as all
scenarios are pre-programmed and configured to suit the needs of the family. It is enough for home owners to control
the functions of the "Smart House" through control devices with an intuitive interface [1, 9, 10].

Therefore, today the urgent task is to recognize the situation and support decision-making in the "Smart
House" cyber-physical system.

Overview of the methods and tools for situation identification and decision-making support in the
cyberphysical system "Smart House"
Let's conduct an overview of known methods and tools for situation identification and decision-making
support in the "Smart House" cyber-physical system, highlighting their advantages and disadvantages.
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In the paper [2], fuzzy logic algorithms are used to determine the comfortable conditions of stay in the "Smart
House" system, in particular, to calculate the comfortable temperatures. A basic term set is formed for each linguistic
variable. For example, for the variables "temperature inside the room", "air temperature of the atmosphere", such a
set consists of four terms: "cold", "neutral", "warm", "hot". After the selection of linguistic variables, term sets are
formed and membership functions are constructed, production rules for the model are compiled. This technique makes
it possible to determine how to adjust the temperature to comfortable values by evaluating the internal and external
air temperature using the rules of fuzzy logic.

The study [11] developed the rolling-horizon optimization model with a recurrent neural network-driven
predicting, which is developed for interactively prediction of uncertainty and optimization of battery energy storage
operations in residential smart houses in an iterative fashion. The proposed model can be used for optimizing battery
energy storage operations in residential smart houses and for efficiently utilizing solar power.

Home energy management systems are used for management of energy consumption in smart houses. The
research [12] presented home energy management strategy (OHEM-algorithm) based on the improved binary particle
swarm optimization, which intended for optimization of customer satisfaction and electric cost, for getting the
accurate, optimal, and desirable solutions for power consumption in the smart homes, for lower the cost of electricity
and the user's conformity.

The paper [13] proposes a Smart Apartment Building model, in which multiple distributed power sources are
shared by multiple consumers for reducing the operation costs and carbon emissions through the implementation of
highly efficient operation methods.

The paper [14] proved that the fuzzy logic with Multi-class Support Vector Machine (SVM) method, which
is realized as the fuzzy trapezoidal membership function for each sample within the hyper-sphere and as a linear
function of the selected sample's distance in the non-linear SVM hyperplane, is effective in selection of the rules to
make decision to the control in temperature and humidity.

Paper [15] made the OTP-based door opening system using Arduino and GSM, which generates the one-time
password on mobile phone for unlocking the door and is much safer than the traditional key-based system.

Paper [16] develops the Internet-of-Things-based indoor, comfortable, environmental, and real-time
monitoring system for the smart house, which consists of the temperature-and humidity-sensing module and the
lightness module. In this system, improved particle swarm optimization (IPSO) is used for creating the ideal and
comfortable environment.

The paper [17] investigated the appliance of electrical use as a means for detecting the presence/absence of
residents (for example, people suffering from dementia, elderly people living alone, home quarantine) with using the
several machine learning algorithms.

The research [18] is devoted to the full state feedback and feed forward control method for determination of
the best control theory for control of the servo motor in the smart window systems, which is ised for improving the
air circulation and for better automation of the air circulation.

The paper [19] presents the Internet-of-Things-based smart kitchen system, which automatically detects the
temperature, monitors the humidity level, includes built-in gas detection sensors for detection of gas leaks in the
kitchen, provides the remotely control of the appliances (ovens, freezers, and air conditioners) using the mobile phone.
This system is realized on an Arduino board with the Internet connection. The system’s goal is remotely control
devices (switches, fans, and lights) by any Android smartphone.

The paper [20] presents an Emergy-based methodological approach for assessing the effectiveness of
integration of the IoT-based sensing systems into smart buildings for reducing their environmental impacts and energy
consumption.

The research [21] focused on the addition of nodes into the IoT-based smart home infrastructure, on the
design, implementation and testing the hardware and software of the ESP-Mesh-based smart home system (using the
ESP8266) with 3 different nodes — mechanical (door lock), temperature & humidity sensors, electrical (fan, generic
power switch, or power plug).

Paper [22] proposed the new data driven method for accurate indirect heat accounting in apartment buildings,
which provided the measurements or estimations of the difference of temperature between the indoor environment
and the heat transfer fluid, because of which the heating bill's error is reduced by 20%—50%.

The paper [23] proposes a development method and TOPPERS Embedded-Component System on the basis
of the embedded components for devices for improving the development efficiency of smart homes' electrical
equipment, increasing the electrical equipment's scalability and reducing the developmental complexity.

The paper [24] investigated to the development of the voice-activated home automation system, which
integrates the Artificial Intelligence, Internet of Things, Natural Language Processing, Blockchain for a cost-effective
and efficient interacting with household equipment.

The paper [25] proposed the method of optimal energy consumption in the smart houses on the basis of the
optimal scheduling the household appliances, considering demand side management and techno-economic indices in
electrical grids.
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The paper [26] is devoted to the development of Internt-of-Things-based system for control heating and
cooling within the residential housing, which accurately identifies whether it should be cooled or heated, so that energy
is not wasted.

The paper [27] proposed Smart Exterior Home Management System for automatically managing the house's
exterior activities without the human efforts (automating the water motor, notifications of the house members about
receeiving the posts or deliveries, car parking shed and gate, ring a calling bell, if any person is detected near the main
door of the house).

The paper [28] proposed the secure user authentication and key agreement scheme using physical unclonable
functions for preventing the security problems, used Real-or-Random model and Burrows-Abadi-Needham logic for
verification of the session key security and mutual authentication, used too the Automated Validation of Internet
Security Protocols and Applications tool for simulation of the scheme resistance to security attacks.

The paper [29] proposed an automatic control heating and domestic hot water system into a single-family
house with installing sensors, PID regulators and actuators, with monitoring control system in the SIEMENS TIA
Portal software tool via intelligent interface. This approach increases energy efficiency and reduces the energy costs
in the building.

Paper [30] expanded a Secure Smart Home Automation System using Arduino UNO and Wi-Fi technology
using Face recognition gadgets with the purpose of the implementation of greater protection to the users and greater
effectiveness of the software tool, greater luxury and greater usefulness for the old humans or handicapped.

The paper [31] aims to develop software, which is capable of controlling all electrical devices of a house
based on a Raspberry-based control system with the smartphone tools for ensuring the adequate securities.

Results & Discussion

The conducted overeview of methods and tools for situation identification and decision-making support in
the "Smart House" cyber-physical system showed that:

1) in existing solutions, recognition of situations occurs only for one of the groups of the system of managed
housing functions or does not occur at all;

2) existing solutions provide decision-making support for only one of the groups of the system of managed
housing functions or do not provide for it at all;

3) the existing solutions do not provide for the possibility of assessing the sufficiency of information for
decision-making in the "Smart House" cyber-physical system.

So, based on the critical analysis of methods and tools for situation identification and decision-making
support in the cyber-physical system "Smart House", during which the above-mentioned shortcomings were
highlighted, there is a need to develop such methods and tools for situation identification and decision-msking support
in the cyber-physical system "Smart house", which would: perform recognition of situations for all 5 groups of the
system of managed housing functions; provide the decision-making support for all 5 groups of the system of managed
housing functions; evaluate the sufficiency of information for making all decisions in the "Smart House" cyber-
physical system (Fig. 4).

ENOWN METHODS & TOOLS FUTURE METHODS & TOOLS
Oceur the recognition of
situations only for one Don't occur the Will perform recognifion of
of the groups of the recognition of situafions for all 3 groups of the
system of managed situati ons system of managed housing
housing functons functi ons

Provide the decision-

making support orly for Don’t provide the - Will provide decision support for &l
one of the groups of the dedsion-making support 3 groups of the system of managed
system of managed at all housing functions
housing functions
Don't assess the sufficiency of Will perform an assessm ent of the
information for decison-making in sufficiency of information for
the "Smart House" cyber-plysical making all decisions in the "Smart
system House" cyber-physical system

Fig. 4. The role of the proposed approach in the cyber-physical system "Smart House"
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Conclusions

The "Smart House" system should competently allocate resources, reduce operating costs and provide a clear
control and management interface. Such an intelligent system should be able to recognize specific planned and
emergency situations occurring in the home and respond to them (make decisions) in accordance with the given
program. Therefore, today the urgent task is to recognize the situation and support decision-making in the "Smart
House" cyber-physical system.

The conducted overview of methods and tools for situation identification and decision-making support in the
"Smart House" cyber-physical system showed that: in existing solutions, situation recognition occurs only for one of
the groups of the system of managed housing functions or does not occur at all; existing solutions provide decision-
making support for only one of the groups of the system of managed housing functions or do not provide it at all; the
available solutions do not provide for the possibility of assessing the sufficiency of information for decision-making
in the "Smart House" cyber-physical system.

Therefore, there is a need to develop such methods and tools for situation identification and decision-making
support in the "Smart House" cyber-physical system, which would: perform situation recognition for all 5 groups of
the system of managed housing functions; provide the decision-making support for all 5 groups of the system of
managed housing functions; perform an assessment of the sufficiency of information for making all decisions in the
"Smart House" cyber-physical system, which will be the focus of the authors' further efforts.
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