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3 Viktor Danev

INTRODUCTION

The rapid development of ICT (information and communication technologies) is a
prerequisite for the introduction of new technologies. ICT and IoT (Internet of Things) are
closely related and complementary fields. Some of the aspects of the relationship between
ICT and loT are Integration: ICT provides the infrastructure that allows devices in the loT to
connect and communicate with each other and with other systems. Data processing: ICT
provides the platforms to process, analyze and store large volumes of data generated by
loT devices. Security: ICT provides the security solutions that protect data and
communications in loT networks. loT refers to an interconnected network of physical
devices, vehicles, home appliances, and other items embedded with electronics, software,
sensors, and connectivity that enable these entities to collect and exchange data. loT is a
rapidly developing technology that is transforming the way we live, we work and interact
with the world. They exist however and significant challenges and risks, which must be
addressed to ensure that loT everything accepts and uses by responsible and sustainable
way.

The smart ones houses are species environment for living which includes the
technology Internet on the things (IoT) to automate various aspects of the home, such as
lighting, heating, security and fun . A smart house is a connected network of devices that
work together to provide a seamless, intuitive and comfortable living experience. Smart
houses can also be energy efficient as they can automatically to regulate lighting, heating
and cooling and other appliances. Not only that saves energy and decreases the expenses
but too so helps for reduction on the carbon one imprint and Protection on the
environment environment. The design on smart houses ( " smart homes ") imposes the
integration on different technologies and systems, for Yes everything created comfortable,
efficient and automated habitat.

This dissertation analyzes methods and tools for designing smart homes. The focus
of the research is on multi-criteria decision-making in the selection of open-source home
automation platforms, loT-based smart home automation architecture, and the software
solution for this automation, including a model for determining a team to implement loT

projects.
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DESIGN OF "SMART HOMES" UNDER OPEN-SOURCE SYSTEM OPENHAB 4

STRUCTURE OF THE DISSERTATION

Chapter 1 provides an overview of loT technologies, standards, and applications.
The various aspects of the smart home as part of the IoT paradigm are discussed . The
advantages and disadvantages of commercial software and open source software
platforms for use in home automation are analyzed. Methods of multi-criteria decision-
making in selecting appropriate alternatives for dealing with conflicting criteria
accompanying the decision-making of complex problems are reviewed .

Chapter 2 describes the proposed models for evaluation and ranking of the possible
alternatives in decision-making for a smart home project with MCDM techniques that
enable informed decision-making, prioritization of alternatives and optimization of
different aspects in the context of smart homes. A decision model for choosing an open
source software platform for loT home automation design is presented. For this purpose,
the main characteristics of the platforms were defined, which were used as evaluation
criteria. Also described is the proposed model that has for aim to determine the necessary
competences for the implementation of projects in the field of loT and in particular for
home automation. The proposed multi-criteria mathematical model takes into account not
only loT knowledge, but also takes into account characteristics of teamwork specialists.

In Chapter 3 the conducted numerical experiments of the proposed models for the
implementation of a smart home are presented. The implemented smart heating project,
which uses open source home automation software OpenHAB, is described. The
automation architecture of loT-based smart home heating is presented, as well as the
software solution for this automation. The numerical results of the testing of the proposed
mathematical multi-criteria model for the assessment and ranking of necessary
competences for the implementation of projects in the field of 10T using two groups of key
indicators are described.

In the conclusion, the obtained results are summarized and some directions for

future research related to various aspects of creating smart homes are indicated.
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5 Viktor Danev

CHAPTER 1. ANALYSIS OF CHALLENGES IN THE FIELD OF THE
INTERNET OF THINGS AND TECHNIQUES APPLICABLE IN DESIGNING
SYSTEMS USING THE INTERNET OF THINGS

1.1 Definitions, characteristics, architecture on loT

The concept for Internet is used for first way through 1999 Mr. from Kevin Ashton
(Atlam,Walters & Wills, 2018). From Ashton's point of view, the Internet of Things has the
potential to change the world in various ways such as the use of the Internet. Traditionally
the technology can Yes everything examines and like next step in the job on Internet. On
practice loT can Yes provided connection with almost all objects in the real one world
(Sharabov & Tsochev, 2020), including communication and collaboration via the Internet

(Borisova, Dimitrova, Dimitrov, 2020).

Description on loT
The Internet of Things (IoT) refers to everyday physical devices that are connected
to the Internet for the purpose of data collection, transmission and processing relating to

various applications and services (Hamza et al., 2021).

Research directions
In general, two research directions can be defined , namely: Standardization and

Security and privacy

Applications on loT

The applications on loT they promise Yes bring huge value in life thank you onthe
newer ones wireless networks, the modern ones sensors and the modern ones
computational opportunities. Among the application areas of loT are: Healthcare;
Monitoring on the environment environment; Smart agriculture; Connected industry;
Autonomous cars; Smart cities and smart homes; Intelligent energy saving and intelligent

electrical networks; Wearables devices; and others.

Challenges
loT challenges are related to: Big data; Network provision; Heterogeneity;

Interoperability; Scalability; Security and Privacy; Support.

Intelligent home

The varieties on the applications for intelligent home are illustrated on Fig. 1.5.
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Figure 1.5. Applications for intelligent home

1.2 Analysis on techniques and funds, applicable at design onsystems,

using loT

Software for management on loT the hardware ones devices

The choice between the commercial one software and the software with open code
Yes everything based on the following factors:

Functionality: Research and compare the functionality of the two types software,

for confidence, that respond on the specific ones needs and requirements.

Devices and integration: Viewing compatibility on the software with the devices

that integrate into the system for home automation. Checking whether the

software supports the necessary ones protocols and standards.

Flexibility and Customization: If you want great flexibility and the ability to

customization of your system, open source software can be more suitable. If

everything looking for ready decisions and easy setting, the commercial one

software may be preferred.

Budget: Budget can also play a role in the decision. The commercial one software

usually requires payment for licenses or subscriptions, while the software with

open code is free for use. Although that at the software with open source

additional hardware costs must be considered and technical support, if is
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7 Viktor Danev

necessary.
These are just some of the factors to consider when choosing software for
homemade automation. Important is Yes everything conducted in detail research and Yes

everything do comparison for Yes everything found the most suitable answer.

Open source home automation platforms

Open source home automation platforms such as Home Assistant and OpenHAB
serve as the foundation for creating smart homes. These platforms offer a centralized hub
that integrates and controls various devices, including lighting, thermostats, security and
entertainment systems. In addition, open source platforms support different
communication protocols, which ensures compatibility with multiple devices from

different manufacturers.

Systems for homemade automation with open code
They exist a few systems for homemade automation with open code, who offer

flexibility and opportunities for personalization.

platform Basic Flexibility and Integration and Community and
characteristics personalization compatibility support
A large number Integration with Active community
Home Broad supporton R
K A supplements and | popular smart devices and forums for
Assistant  |devices and protocols . . .
integrations and services support
Flexible and An opportunity for [ Wide compatibilit . .
X . pportunity I. .p forrty Active community
OpenHAB [ expandablesoftware | doing of complex withdevices and
) and support
framework automations protocols
. . ) Integration with Forums and
X Easy installation and Easy creationon .
Domoticz ) . standard protocols maintenance from
setting rules and scenarios . .
such as Z-wave, Zigbee| the community
. Opportunity for [Integration with voices| Development and
Mozilla Focus on the personal p[? unity g .I With o velop .
WebThins rivacy and securit adding your own assistants and support fromMozilla
8 P ¥ Y modules standardprotocols Foundation
Support of a wide | An opportunity for Integration with Active community
ioB roker range ofdevices and |creation of complex| popular devices and and forums for
protocols systems services support

1.3 Collection on decisions by multitude criteria (MCDM)

Multi-criteria taking on decisions (Multi-Criteria Decision-Making — MCDM) is

approach which everything deals with with structuring and solving on problems involving
multiple criteria. It is designed to support decision makers and planning, faced with
complex problems. The term "solving" in this one context can Yes matches on the choice on

"the best" an alternative from set from available alternatives or even choice on small set
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from good ones alternatives.

The solution on issue with MCDM requires turn on on information for preferences,
as there is no single optimal solution. As such, the taker solutions often have to replace
certain criteria with others. That can everything achieve with the help on different

approaches and methods.

The role of MCDM in handling conflicting criteria at decision making

Multi-criteria decision making (MCDM) methods play a crucial role at coping with
contradictory criteria at the taking on decisions. Controversialcriteria arise when different
criteria or aims no they can Yes be optimized at the same time and must Yes everything do
compromises.

By considering and managing conflicting criteria, MCDM techniques enable
decision makers to navigate the complexities of makingon decisions and Yes achieved
balance between the competing ones everything aims. They provide systematic approach
for evaluation on the alternatives quantitatively determination on efficiency, setting
weights and making informed decisions that optimize the compromises and everything

bring in compliance with preferences and the priorities on those interested countries.

The concept for not dominated decisions in MCDM
The non-dominated decisions represent set from alternatives, who no are

dominated from another an alternative byattitude on multiple criteria

Techniques on the multicriteria analysis at taking on decisions

Techniques of multicriteria analysis in decision making provide a framework and
tools, who they help Yes everything compare and appreciate different alternatives
based on a number of criteria that are optimized simultaneously in a given set of acceptable
alternatives. In general there is no alternative, which Yes is optimal for all criteria, but can
Yes everything composed multitude from alternatives. Ones from the most famous
techniques on the multicriteria analysis are The method on Analytical hierarchical process

and Method on the weighted one sum .

1.4 Conclusions

As a result of the overview analysis of technological solutions, mathematical
methods and software tools applicable in the field of smart home design using IoT and open
source home automation platforms, they can Yes everything do the following conclusions:

e the key benefits of IoT are in automating various processes in the homes as and
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9 Viktor Danev

in gathering and analysis on large quantities data;

e mental challenges need to be taken into account homes in terms of cost to install
and maintain, compatibility,and confidentiality and security.

e certain factors should be considered when choosing software for homemade
automation, important is systematic and objective analysis onthe alternatives at
the taking on decisions. MCDM the techniques allow informed taking on
solutions, prioritization on the alternatives and optimization on different aspects

in the context on the intelligent ones homes.

1.5 Purpose and tasks of the dissertation work

From the analysis of the existing technologies, software approaches and challenges
in designing the smart home, the following goal of the dissertation is formulated: to
propose a project for building a smart home using an open source software platform . In
order to achieve this goal, it is necessary to complete the following tasks:

1. Yes everything do analysis on the challenges in the area on loT and the
techniquesapplicable at design on systems, using IoT,
2. Yes everything suggested multi-criteria model for taking on decisions for choice

on platform with open code for design on clever home;

3. Yes everything suggested model for determination on competencies on
specialists by loTfor the design and realization on clever home;

4. Yes everything suggested approach for construction on intelligent homemade
environment withuse on software systems with open code.

5. Yes everything held the numerical ones experiments for validation on the

proposed onesmodels and approaches.

CHAPTER 2. MODELING And DESIGN ON SMART HOUSES THROUGH
APPROACH FORTAKING OF PLURAL DECISIONS CRITERIA

This chapter describes the proposed decision-making models for the selection of
alternatives at design on the intelligent one automation with use on open source software
platforms, as well as for assessing member competencies from the team for application on

technologies, connected with loT.

2.1. Multi-criteria approach at design on clever home

The design and implementation on smart homes is complex task which requires

Abstracts of Dissertations 2023(10) 3-33
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complex processes on taking on decisions. These decisions they can Yes cover wide
spectrum from factors, like energetic efficiency, profitability, automation, comfort, security
and aesthetics. The complexity of these decisions is multiplied when examines the
multitude available technologies and opportunities for design. This is the place of the
Multiple-Criteria decision-making concept Decision-Making (MCDM). MCDM includes
structuring on complicated problems and expressly consideration on multitude criteria,
which can Yes brought to more informed and better ones decisions.

2.2. A decision model for software platform selection with open code for

design on homemade automation with loT

Smart home automation relies on the latest technologies that give many practical
advantages such as remote control of home functions; improved device functionality;
manage all home devices from one central point; improved home security; increasing
energy efficiency, etc. All this allows home functions to be controlled remotely (Lin et al.,
2020). Home security and energy efficiency are the two important factors supporting the
smart home concept. The use of surveillance cameras and the ability to receive security
alerts on a mobile device allows activities to be monitored in real time (Arif et al., 2020).
The Internet of Things makes possible the optimization of energy efficiency in the design
of buildings, related to the reduction of energy costs for heating, cooling and lighting,
including in the smart home (Guliashki & Marinova, 2021; Filho et al., 2019; Terroso-Saenz
et al., 2019). This is due on precise control on the heating ones and the coolers devices
with a programmable smart thermostat that plans the temperature and offers the mostthe
good one energetic efficiency. The automated ones shades too they can Yes be
programmed in evening mode, when the sun is setting even the lights they can Yesturn on
and off automatically.

Using wireless technology doesn't have to be an end in itself to do your smart
home, but you must carefully approach the selection and management of every device.
This is imperative as like some recent publications warn for possible psychologically and
physically impacts from the excessive use of smart technologies (Borissova et al., 2020;
Markov, 2019). Because the use of many smart devices can not be prevented, the solution
must be properly managed. It has to be chosen the right one software product for
management on these intelligent devices. There is two opportunities for choice on such
software, which can Yes manages intelligent home: : commercial or open source systems.

2.2.1. Multi-criteria model for evaluation and ranking on platforms forhome
automation open source

Abstracts of Dissertations 2023(10) 3-33



11 Viktor Danev

Open source platforms are used for ranking basic parameters, considered for

criteria for assessment, like is used the following function for utility:

* wj .
Aypy =max[IV_y(e;), i=12,...M (2.1)

iwi=1 (2.2)
where the grades on the criteria (e j) would they could Yes accept values and the
bigger one value matches on the better performance on the alternative by attitude of
the specific criterion. The set of alternatives is expressed by an index i, i={1,2,...M}, while
the set from criteria for evaluation everything expresses through index i j={1,2,...N}, . The
weighed ones coefficients w jand grades (e ;) follows Yes share one and the same rock.

The best alternative will be the one with a high value for the overall performance
of the alternative expressed through multiplication on the grades on the criteria on the
alternative by the degree of the weighted coefficient of performance for the relevant
criterion, as is expressed from (2.1).

For Yes everything do ranking on the platforms for homemade automation with
open code formanagement on |oT, it was used the opinion on competent expert (Decision
Maker - DM), which will implement the selected platform. The evaluation of the selected
platforms by attitude on the specified criteria everything performs by rock from 0 to 100
(100 matches on the best presentation and 0 on the worst) followed from normalization in
the range between 0 and 1, as is shown in Table 2.1.

Selected are the following criteria: Installation; Flexibility and Ul; The community
on the users; Pace on development; Integration; Protocols; Language for programming

The alternatives at taking on answer for choice are the following platforms: Open
HAB; Home Assistant; Domoticz; Callaos; OpenMotics; HomeGenie; PiDome; Pytomation;

OpenRemote

Table 2.1. Evaluation results for selected platforms versus certaincriteria

c -c:, ‘? n = c ,2_.
o © 1] g ; c 9 o ] ©
=] > E 8 g9 6 £ B 8 EXN

© 2 0 & S =% © o £
= =85 € o ) Iy 8 S ®
g |£3g 8% ge g £ B 5§
E5°5 3% g £ £ | g

o = T a

™

Open HAB 1 1 1 0.9 0.9 0.9 0.7
Home Assistant 0.9 0.89 0.78 0.88 0.8 0.9 0.85
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Domoticz 0.86 0.87 0.85 0.86 0.87 0.83 0.9
Calaos 0.75 1 0.68 0.7 0.82 0.87 0.9
OpenMotics 0.55 0.6 0.6 0.6 0.6 0.6 0.85
HomeGenie 0.8 1 0.5 0.62 0.6 0.6 0.8
PiDome 0.5 0.5 0.46 0.58 0.62 0.6 0.8
Pytomation 0.53 0.52 0.42 0.53 0.6 0.66 0.85
OpenRemot e 0.5 0.8 0.57 0.57 0.6 0.62 0.7

All these grades are strongly subjective, especially by attitude on the languages for
programming. To implement the ranking using the model (2.1) — (2.2) along with the scores
from Table 2.1, it is necessary to determine the weighted ones coefficients for the
importance on the criteria. IN this one connection the expert assessed the platforms for
homemade automation with open code for loT, expresses preferences you are for four
different the case like uses different weights for the importance on the criteria as is shown
in Table 2.2.

Table 2.2. Odds for significance on the criteria for evaluation

> (%)
5§ | T y 5 = -
& Sed ES |58« ® g E @
= £28«¢ E o ¥ g ) 5 S5
G 53¢ 8 |g3E £ & g

= s < 2% ® = S

o =
w1 w2 w3 W4 Ws We w7

Case-1 0.166 0.167 0.167 0.166 0.167 0.167 0

Case-2 0.10 0.25 0.12 0.12 0.24 0.17 0
Case-3 0.14 0.14 0.14 0.14 0.15 0.14 0.15
Case-4 0.05 0.22 0.10 0.10 0.18 0.15 0.20

Case-1 and Case-2 do not consider the "programming language" parameter, while
Case-3 does examines all criteria with same importance a in Case-4 the criteria are taken

with different meaning.

2.2.2. Analysis on the results

The results obtained for the ranking of home automation platforms with open
source loT management are based on the inputs given by Table 2.1, Table 2.2 with the help
onthe model (2.1)—(2.2). Ranked platforms according to Case -1 and Case-2, who no report

the parameter language for programming, are displayed on Fig. 2.1.
Abstracts of Dissertations 2023(10) 3-33
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Figure 2.1. Comparison between ranked platforms according to Case-1 & Case-2

The designated ones results for the parameters on OpenHAB lead to morethe good
his ranking among the rest platforms. Although the little ones differences in ranking,
deserves Yes everything point out the influence on the ones used coefficients on the
importance of the criteria. For example, only OpenHAB, Home Assistant and Domoticz have
better ones results, if all criteria everything consider with same importance with exception
on the language for programming (Case-1) in comparison with Case-2, where preferences
for evaluation criteria have a different distribution. There are two additional situations that
consider all evaluation criteria simultaneously (Case-3 and Case-4). Ranked platforms
according to the preferences expressed from Case-3and Case-4, who report the parameter

language for programming, are displayed on Fig. 2.2.
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Figure 2.2. Comparison between ranked platforms according to Case-3 and Case-4

This comparison of criteria importance preferences showed little ranking
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difference. For example, the results in Case-3, where all criteria are considered equally
important, show that only OpenHAB and Home perform better, than in Case-4, where the
meaning on the criteria accepts different values. The general comparison between all of
them 4 the case is illustrated on Fig. 2.3.

Regardless of which platform will be chosen for home automation, it shouldis
compatible with already installed smart devices in home. This everything relates in particular

to protocol compatibility, ensuring the collection and transmission of data.

Opn

Figure 2.3. Comparison between the different ones rankings

2.3. Model for determination on competencies by loT

The application of IoT can be found in every field of our real life and like such
complex issue is hard Yes everything indicate all difficult skills, who the preferred one
candidate must Yes meet One good loT a specialist must Yes has knowledge in the field of
sensors that measure and ensure the conversion of the data for the environment
environment in mechanically readable data. From especially meaning are the knowledge in
area of the technologies for transmission data, inclusive wireless networks and correct
protocols (Hofer-Schmitz & Stojanovic, 2020). These protocols must Yes be secure enough
and less power consumption to ensure continuousreal-time connection of transmitted
data (Bahashwan et al., 2021). They are necessary additional knowledge to understand
data mining (Naka & Guliashki, 2021), some artificial intelligence techniques (Jafari et al.,

2020) and the models for taking solutions _ (Borissova, 2021), who are prerequisite for the
Abstracts of Dissertations 2023(10) 3-33



15 Viktor Danev

right one functioning on loT.No on last place understanding on the specific application is
an advantage forcoping with some challenges. All them determine the meaning on IoT the
technology in the area on the education for improvement on efficiency on the teaching
and learning (Ramlowat & Pattanayak, 2019).

The meaning on the hard ones and the soft ones skills determines the necessity from
establishment on appropriate approach to evaluate the most suitable candidate for the

specific positioncharacteristic.

2.3.1. Key indicators for measurement

For Yes be successful good the educated IoT specialist, he must Yes owns diverse
technologies, connected with sensors and processing on signals, software(programming
languages), communication protocols, data extraction and retrieval on decisions. The
proposed one concept for the necessary competence on loT the specialist is illustrated on
Fig. 2.4.
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Figure 2.4. Solid skills and knowledge for successful 10T a specialist

the skills connected with the sensors, include and competencies like processing on
signals, data analysis, big data processing, data visualization. The software ones skills imply
the ability to program one or more languages for programming sensors or for visualizing
and analyzing data from processing on signals.

Along with these must-have hard skills, the preferred specialist in the field of loT
must also have the additional skills such as good communication, teamwork, leadership,
entrepreneurship, ability for management on conflicts and stress, motivation,
management on the weather construction on trust, taking on decisions and etc. The basis is
the frame shown in Fig. 2.4, and considering the aforementioned skills, the following hard
and soft skills they can Yes be certain as follows:

1. Solid skills: sensors, processing on signals, retrieval on data, statistics, data
analysis, data visualization, big data, machine learning, language for
programming.

2. Soft skills : communication, work in team, leadership, entrepreneurship, conflict

Abstracts of Dissertations 2023(10) 3-33



DESIGN OF "SMART HOMES" UNDER OPEN-SOURCE SYSTEM OPENHAB 16

management, stress management, motivation, management of the weather

construction on trust, taking on solutions, solving on problems cooperation,

adaptability and etc.

The hard ones skills are a lot easier for identification, asas they can be measured
while soft skills are highly subjective. These two the species skills they can Yes everything
consider like criteria for evaluation for measurement on progress on the specialists by loT
and the ability them for work in team.

2.3.2 Multi-criteria mathematical model for the assessment of knowledge of the

specialists in the area on loT and the ability for work in team

In order to assess the knowledge of specialists and their ability to adapt to
teamwork, it is necessary to consider two separate parts related to hard and soft skills. This
can be realized through the proposed mathematical model for evaluating the

achievements of specialists (2.3)-(2.6), formulated as follows:

Siperformance =max{aXH_wrep, + Y weei},Vi=1,..,N (2.3)
at+ f=1 (1)
Yhoiwn =1 (2.5)
iaws=1 (2.6)

where i={1,2,...N} represents the assigned specialists, the coefficient a expresses
the importance of hard skills, while the coefficient  expresses the ability to work in a team
(soft skills), the coefficients w ,and w sexpress the relative importance between the criteria
related with the hard and soft skills, e i, and e js represent the scores of the i -th specialist
around the h -th criterion related to hard skills and the corresponding i -th specialist around
the s -th criterion related to soft skills. This range for the estimates should match the range
of other variables of the proposed model (2.3)—(2.6). The acceptable range for these results
is to be between e j,and e jsto have a comparable scale. Expression (2.4) makes it possible
to combine the separate two parts of the assessment in terms of hard skills (acquired
knowledge) and soft skills (ability to work in a team) in the final summary assessment. As
can be seen from the formula (2.3), the ranking of specialists is realized taking into account
hard and soft skills, and these two types of components can be considered with different
importance. This feature allows the model to be made more flexible to consider hard and
soft skills in different proportions when determining the final complex ranking of
specialists. The proposed mathematical model (2.3) — (2.6) can be simplified by using a

value equal to zero for the coefficient 8 ( 8 =0). In this case, the model (2.3) — (2.6) will rely
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only on the hard skills (acquired knowledge) of the specialists.

CHAPTER 3. NUMERICAL TESTING OF THE PROPOSED MODELS
PROPOSED FOR THE REALIZATION OF A SMART HOME

3.1. Construction on intelligent homemade environment

The problem under consideration is focused on combining the advantages of loT
for effectively management on the intelligent heating on home through use onthe
OpenHAB software platform. In order to implement such an approach, it is necessary to
everything uses suitable hardware and software.

The main ones challenges at the construction on intelligent homemade
environment depend from the following factors:

e the complexity on home,

e user preferences, what number of home functions to consider,

e possibility of future development/upgrade of the system,

e what type of smart devices to choose and how to combine them,
e what type of management Yes everything choose

One from the possible ones hardware decisions is Raspberry Pi, which is single
board, cheap and high performance computational technique. Avg the software ones
platforms with openloT-based home automation code, OpenHAB could be the perfect fit
choice, as is shown in section 2.2 on this one dissertation labor.

A hardware solution for effective loT-based management intelligent heating at

home

The hardware components, used for implementation on loT, they can Yes vary from
circuit boardslow-power or single-board processors such as the Arduino Uno (Ahmed et al.,
2021). Lately the most popular platform for 10T is Raspberry Pi, because this is a very
small computer that can include an entire web server (Raju et al., 2021; Danev, and et al.,
2021).

Systemic architecture on the heating on clever home

To enable energy efficiency management in a smart home needs to be able to
control the temperature. Possible answer for management on energy efficiency in clever

home with the help on similar sensors is shown in Fig. 3.2.
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Figure 3.2 Intelligent homemade architecture for automation on the heating

The OpenHAB platform is selected in Section 2.2 according to the applied MCDM
techniques. The physical ones devices and controllers (IoT) on the intelligent one

homemade environment everythingchooses mostly from Xiaomi and MAX!.

Software answer for automation on the heating on clever home

For Yes everything realized the automation on the heating in clever home, must Yes
everythinginstall intelligent thermostatic valves for radiators. These valves they can Yes be
connected to appropriate software platform like OpenHAB. One from the advantages isthat
without meaning how everything increases the temperature (from direct sunny light from
the window electric heater and etc.), the thermostatic one valve everything closes
automatically when the set temperature is reached. The heating control is only part from
the overall digital transformation on home, which includes management on the lighting,

security, fireproof and Protection from floods and etc.

Rules for configuration on the software for the heating on clever home

AKO BpemeTo = <onpeaeneHo speme> TOFABA <valves_name
_setpoint_temperature> = <npegnoyntaHa TemnepaTtypa >

It is possible to set different time zones for morning 6:30 - 8:00, day 8:00 - 18:00,
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evening 18:00 — 21:00, night 21:00 — 6:00.

CLOSED_OPEN
AKO <sensor_status_open_window> npomeHeHu ot 3ATBOPEH Ha OlEH,

TOTABA npomeHrnusa = <valves_name_setpoint_temperature> &
<valves_name_setpoint_temperature> = MIN

OPEN_CLOSED
AKO <sensor_status_open_window> npomeHeH ot OPEN Ha CLOSED

TOrABA <valves_name_setpoint_temperature> = npomeHa1Ba

3.2 Numerical simulating on suggestions project on intelligently heating
through software for homemade automation with open code OpenHAB

This section describes the numerical testing of the proposed model for taking the
platform selection decision when designing home loT automation with open code,

Described in section 2.2 on Head 2.

Entrance data
Applicability on descriptions approach is tested for apartment with rooms, whose

distribution and used sensors are displayed on Fig. 3.5.

Figure 3.5 Distribution of rooms and sensors
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A complete 3D model is created with the adjacent interior spaces (Fig. 3.6) and
complete interior and exterior specifications on the model are set like for example:

e Set swarms for location and introduction on data for climate,

e Building data — glazing, external walls, pitched/flat roof, external under
to air/ground and etc. Locally shading, if there is and so on

e Introduction on internal data — natural ventilation, temperature set
points for heating/cooling, internal loads, infiltration,

e Setup hand or automated (via set points/sensors , three-level control and
etc.).

The digital one a twin on the apartment everything uses for simulating on the effect

on the digital oneinfrastructure on the heating ones loads.

TN [ [y [Sepoy p— [ [y [pe——

Figure 3.6. Digital twin model of the studied single apartment

Results and analysis
The heating load before the implementation of loT for digital home transformation
in smart home is shown in Fig. 3.7, while Fig. 3.68 illustrates the heat load after application

on loT.
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Figure 3.8. Heating load after applying digital transformation
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The expense on energy and in both the case for one year old period is shown on Fig. 3.9.
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Figure 3.9. Daily consumption of thermal energy for heating before and after

implementation of digital transformation (for 365 days)

As observed in the graph, peaks and troughs keep similar patterns for statistically
averaged climatic year, but the curve for digitally transformations home shows clear lower
living rooms levels on consumption. Except that, external and internal air temperatures,

including surface radiant temperatures, are displayed on Fig. 3.10.

Temperatures
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Figure 3.10. Average daily air temperatures, radiant and outside temperature

All simulations are done using EnergyPlus models. It should be noted, that
EnergyPlus models are based on basic principles of heat balance and rely on on function

for transmission on conductivity. One important consideration on the digital one
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transformation on the apartment is that the reduction on the set temperatures on heating
leads to increase on incoming thermal stream from the neighbors apartments. If the set
temperature on heating everything lower and controls from the home one automation, the
apartment begins Yes "fetch" heatfrom the neighbors you are and "the savings" are

significant (cf. Table 3.1) in comparison with the previous one condition on the apartment.

Table 3.1. Comparison between total and surface consumption ofheating before and after
digitization with the help on loT 1

Heating ago (tkWh) Heating after (tkWh) difference, %
Total 5925.49 2818.64
47.56
kWh/ m2 95.57 45.46

The main ones characteristics on the proposed one system they can Yes be
summarized as:
e comprehensiveness — the system covers a wide range of functionalities;
universality — the system allows easy connection and setup of different
smart devices developed by different manufacturers;

o flexibility — easy to upgrade and improve.

3.3 Numerical testing on suggestions model for determination

competencies by loT based on groups from key indicators

In order to verify the applicability of the proposed mathematical model (2.3) —(2.5),
described in section 2.3 of Chapter 2 of this dissertation, to assess knowledge ofspecialists
in order to identify the most educated candidates with the opportunity to teamwork, an
experiment was conducted with a group of 25 specialists. The ranking ofthese specialists
everything performs with the help on The 5 hard skills, a namely: sensors and processing
on signals (H-1); software: language for programming (H-2); communication protocols (H-
3); retrieval on data (H-4); 5) making decisions and compiling algorithms (H-5);and 3 soft
skills regarding; work in team (s-1); motivation (s-2); management on the weather (s-3).

The skills on these specialists everything consider for criteria for evaluation in the
ranking. The corresponding scores for hard knowledge ( e jh ) and soft skills ( e is ),
expressed by grades by attitude on these skills, are displayed in Table 3.2.

Table 3.2. Assessment on specialists is to their skills

# Solid skills Soft skills

H-1 H-2 H-3 H-4 H-5 C-1 C-2 C-3
1 0.94 0.78 0.81 0.94 0.86 0.78 0.98 0.91
2 0.95 0.91 0.79 0.87 0.88 0.92 0.75 0.81
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3 0.88 0.96 0.79 0.83 0.89 0.95 0.77 0.92
4 0.87 0.93 0.8 0.82 0.89 0.9 0.85 0.81
5 0.91 0.87 0.79 0.86 0.81 0.82 0.92 0.79
6 0.89 0.93 0.78 0.86 0.79 0.89 0.85 0.77
7 0.90 0.93 0.72 0.81 0.79 0.88 0.94 0.86
8 0.80 0.97 0.82 0.78 0.9 0.82 0.9 0.79
9 0.86 0.94 0.86 0.86 0.8 0.79 0.85 0.82
10 0.88 0.87 0.86 0.88 0.76 0.88 0.83 0.8
11 0.89 0.85 0.81 0.89 0.72 0.95 0.86 0.85
12 0.90 0.82 0.78 0.81 0.87 0.88 0.92 0.9
13 0.81 0.86 0.8 0.79 0.88 0.85 0.81 0.92
14 0.79 0.86 0.77 0.83 0.84 0.84 0.88 0.91
15 0.79 0.91 0.87 0.85 0.86 0.93 0.79 0.8
16 0.80 0.78 0.91 0.77 0.86 0.9 0.84 0.86
17 0.87 0.85 0.87 0.84 0.81 0.88 0.91 0.77
18 0.78 0.77 0.95 0.79 0.88 0.81 0.88 0.92
19 0.76 0.80 0.89 0.83 0.86 0.93 0.98 0.86
20 0.79 0.86 0.9 0.8 0.86 0.87 0.91 0.79
21 0.86 0.97 0.8 0.86 0.81 0.88 0.89 0.93
22 0.88 0.92 0.86 0.86 0.78 0.95 0.9 0.82
23 0.89 0.96 0.88 0.81 0.80 0.92 0.81 0.9
24 0.89 0.92 0.89 0.78 0.80 0.91 0.72 0.87
25 0.90 0.87 0.86 0.83 0.77 0.81 0.92 0.88

Okay with the grades for hard knowledge ( hey) and soft skills ( eis ), is necessary Yes
everything determine and the importance between them through the coefficients (o ) and
(B), as and the value for the coefficients wh and ws . Three different the case are identified
and displayed in Table 3.3.

Table 3.3. Coefficients for hard and soft skills and their distribution among criteria

Case-1 Case-2 Case-3
Solid skills a=0.5 a=0.65 a=0.65
H-1 0.2 0.2 0.22
H-2 0.2 0.2 0.2
H-3 0.2 0.2 0.22
H-4 0.2 0.2 0.18
H-5 0.2 0.2 0.18
Soft skills B =0.5 B =0.35 B =0.35
C-1 0.33 0.33 0.38
C-2 0.33 0.33 0.20
C-3 0.34 0.34 0.42

Received results for ranked specialists up basis on the data from Case-1are

visualized on Fig. 3.11.
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Figure 3.11. Ranking on the specialists by importance on the criteria from Case-1

If the strategy is changed and the preferences presented in Case-2, then the ranking

of the specialists takes a different look as it is shown in Fig. 3.12.
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Figure 3.12. Ranking on the specialists by importance on the criteria from Case-2

When using the preferences expressed through the scenario of case 3, the
following ranking of the students is obtained, as shown in Fig. 3.13. In this ranking, the top
3 ranked students are as follows: student #3 with a score of 0.88034, followed by student

#23 with a score of 0.87764, and student #21 with a score of 0.87492.
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Figure 3.13. Ranking on the specialists by importance on the criteria from Case-3.
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The comparison between the rankings on these specialists is shown on Fig. 3.14.
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Figure 3.14.Comparison on the ranking on the specialists

Depending on the purpose of the ranking, it is possible to make a suitable list for
specialists with more abilities for hard skills, suitable list for the specialists with soft skills
or some combination of hard and soft skills. Theselists can be used to recommend specific
specialists yes find a suitable job, according to their level of knowledge and adaptation to
work in team. Given the issues of 10T, there are some activities without a requirement for

teamwork like programming sensors or other smart devices like whole.
3.4 Conclusions
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IN this one head are described the results from conducted numeric experiments
with suggestions model for ranking on software platforms for homemade automationopen
source and cluster-based loT competency model key indicators, as and results from
conducted simulations and realexperiments from the designed intelligently heating in
clever house, systematized as:

e Numerical simulation of the proposed smart heating project using open
source home automation software OpenHAB,

e numerical testing of the proposed model for determining loT
competences based on groups of key indicators.

The described approach implements an open source software platform such as

OpenHAB with low-cost and high-performance computing hardware such as the Raspberry
Pi. Received results show a significant reduction in total and surface consumptionon
heating after digitization with use on loT, which amounts to on 47%.

Through identified key indicators for measurement on the performance on the
specialists in loT and theirs ability for work in team in formulations integrated model for
measurement on the performance on the specialists is shown the practical applicability of
the proposed model for ranking specialists. An advantage of the proposed modeling

approach is the possibility to considerhard and soft skills with different meaning.

Basic stages at the construction on clever home

As a result of the conducted research described in this dissertation they can Yes
everything formulate four basic stage/tasks, at realization on IoT applications, as is shown
on Fig. 3.15.
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Figure 3.15. Basic tasks connected with realization on loT applications

1) Selecting a software platform —this is the first major task is determining
a specific software platform to be used for the respective automated system. This is an
important stage, as the choice will also determine the specific functionalities and the
appropriate hardware for implementation.

2) Digital twin model. At this stage, it needs to be built on a digital twin
model to be used to simulate the desired home automation. Based on the conducted

simulations, it can be determined whether the simulated home automation system would
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have the desired efficiency or not. In the case of a positive opinion, it is necessary to
implement the corresponding software and hardware solutions.

3) Identification of suitable specialists. In this third stage, it is necessary
to determine the necessary specialists with the appropriate skills capable of implementing
the simulated home automation system.

4) Practical implementation. At this stage, everything has already been

determined and it is only necessary to realize the relevant project by the determined team

CONCLUSION — SUMMARY ON RECEIVED RESULTS

Internet on the things everything founded on the use on different sensors, multi-
layered architecture and set from communication protocols, who vary in dependency from
the specifics on the system.The smart home is one of the most typical possibilities for
realizing the concept of Internet on the things. This is quickly developing direction, which
creates prerequisites for increased comfort, convenience, security and entertainment.
They exist however and challenges, connected with the intelligent ones homes, like price,
compatibility and privacy that must be addressed to ensure thatthat the smart ones homes
everything accept and they use by responsible and sustainable way.

The digitization of technology is becoming increasingly critical to economic
progress. This imposes Yes everything update a lot from the university ones disciplines, for
Yes respond to the needs of such professionals capable of developing and maintaining
devices on loT. Because of that in the current one dissertation labor are proposed basic
decisions in the field of IoT related to 1) choosing a home automation platform; 2) digital
twin model for the purpose of simulating the proposed software and hardware solutions,
as well as 3) a model for determining suitable specialists, for realization of projects in the
areaon loT.

The choice on platform for homemade automation is from decisively meaning as like
fromit depends on what functionalities will be possible from a software point of view
implemented. This choice also depends on what hardware will be needed for realization of
the specific home automation and in particular automation of the heating. Like evidence
for efficiency on the software the system and adjacent hardware for homemade
automation is realization on digital twin, which with a good enough approximation

simulates the real situation. Thus and in the current dissertation, as a next step after the
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selection of software platform is realized digital a twin for conducting on the research.
Reportingthe necessary knowledge and skills for realization on homemade automation,
based on use on IoT and in private automation on the heating on clever home, a model is
proposed for the assessment of key indicators for measuring knowledge and the skills for
work in team. Vaz basis on the proposed ones key indicators is it is possible to determine
the appropriate specialists for the realization of the specific ones tasks for realization on
specific project, connected with loT.

Conducted numeric experiments on the proposed ones models and algorithms,
inclusive and suggestions model on digital a twin are implemented like areused real data,
which proves their practical applicability. Received results, described in dissertation labor
are reflected in total 5 scientificpublications, like 4 from them are in editions, referenced
and indexed in World famousbases data with scientific information — Web of Science and

Scopus.
OF JUICES FOR FUTURE RESEARCH

Reporting achieved results in the current one dissertation labor they can Yes
everything indicate and some guidelines for future research and improvements, connected
with the followingdirections:

¢ Integration on mechanically training and artificial intellect

e Taking on decisions in real time

e Taking on solutions, tailored with the context

e Multi-criteria optimization

e Improved visualization and assistance on the taking on decisions
e Viewing on social and the environmental ones impacts

e Personalization, oriented to the user

Abstracts of Dissertations 2023(10) 3-33



DESIGN OF "SMART HOMES" UNDER OPEN-SOURCE SYSTEM OPENHAB 30

LIST ON THE PUBLICATIONS PO THE DISSERTATION LABOR

1. DDanev, V., Kirilov, L., Nikolov, R. Creating Smart Home Environment Based on
Open Source Home Automation Software. CompSysTech'21: International
Conference on Computer Systems and Technologies,'21, June 2021, pp. 81-86,
https://doi.org/10.1145/3472410.3472444 ( Scopus)

2. Danev, V. : The Internet of Things: Description, Applications, Development,
Challenges. Problem of Engineering Cybernetics and Robotics, vol. 76, pp. 3-24,
2021, ISSN:2738-7356, https://doi.org/10.7546/PECR.76.21.01

3. Borissova, D., Danev, V., Garvanov, M., Yoshinov, R., Garvanov, |.: Identification
of the Important Parameters for Ranking of Open-Source Home Automation
Platforms for loT Management. In: Borzemski, L., Selvaraj, H., Swiatek, J. (eds)
Advances in Systems Engineering. ICSEng 2021. Lecture Notes in Networks and
Systems, vol 364, pp. 310-319, 2022, Springer, Cham.
https://doi.org/10.1007/978-3-030-92604-5 28 ( SJR=0.15)

4. Borissova, D., Danev, V ., Garvanova, M., Garvanov, l.,, Yoshinov, R.: Key
Indicators to Measure Student Performance in 1oT and Their Teamwork Ability.
In: Auer, ME, Tsiatsos, T. (eds) New Realities, Mobile Systems and Applications.
IMCL 2021. Lecture Notes in Networks and Systems, vol 411, pp 711-720, 2022,
Springer, Cham. https://doi.org/10.1007/978-3-030-96296-8 64 ( SJR=0.15)

5. Borissova, D., Danev, V., Rashevski, M., Garvanov, |., Yoshinov, R., Garvanova,
M.: Using loT for Automated Heating of a Smart Home by Means of OpenHAB
Software Platform, IFAC-PapersOnLine, Volume 55, Issue 11, 2022, Pages 90-95,
ISSN 2405-8963, https://doi.org/10.1016/j.ifacol.2022.08.054 . ( SJR=0.324 )

Abstracts of Dissertations 2023(10) 3-33


https://doi.org/10.1145/3472410.3472444
https://doi.org/10.7546/PECR.76.21.01
https://doi.org/10.1007/978-3-030-92604-5_28
https://doi.org/10.1007/978-3-030-96296-8_64
https://doi.org/10.1016/j.ifacol.2022.08.054

31 Viktor Danev

10.

11.

12.

13.

BIBLIOGRAPHY

Ahmed , MM, Qays , MO, Abu-Siada , A., Muyeen , SM, and Hossain , ML (2021). Cost-
effective design of 10T- based smart household distribution system . designs , vol. 5(3),
55, https://doi.org/10.3390/designs5030055.

Arif, S., Khan , MA, Rahman , SU, Kabir , MA, Imran , M.: Investigating smart home
security : is blockchain the answer ? IEEE Access 8, 117802-117816 (2020).
https://doi.org/10.1109/ACCESS.2020.3004662

Atlam, H., Walters, R., Wills, G.: Internet of Things: State-of-the- Art , Challenges,
Applications, and Open Issues . International Journal of Intelligent Computing Research
.9(3), 928-938 (2018).

Attaran, M.: The impact of 5G on the evolution of intelligent automation and industry
digitalization . J.  Ambient Intel . Hum . Comput . (2021).
https://doi.org/10.1007/s12652-020-02521-x

Bella, Oh, Zeadally, Sh ., Badra, M.: Network layer inter-operation of Device-to-Device
communication technologies in the Internet of Things (IoT). Ad Hoc Networks 57, 52-
62, (2017), https://doi.org/10.1016/j.adhoc.2016.06.010.

Danev, V. (2021). The Internet of Things: Description, applications, development ,
challenges . Problems of Engineering Cybernetics and robotics , vol. 76, pp. 3-24,
https://doi.org/10.7546/PECR.76.21.01.

Borissova, D., Cvetkova , P., Garvanov, |., Garvanova, M.: A Framework of Business
Intelligence System for Decision Making in Efficiency Management. In: Saeed K.,
Dvorsky J. (eds) Computer Information Systems and Industrial Management. CISIM
2020. Lecture Notes in Computer Science, vol. 12133 pp. 111-121. Springer, Cham
(2020). https://doi.org/10.1007/978-3-030- 47679-3_10.

Borisova, D., Danev, V., Garvanova, M., Yoshinov, R., and Garvanov, |. (2022).
Identification of the important parameters for ranking of open-source home
automation platforms for loT management . In: Borzemski, L., Selvaraj, H., Swiatek, J.
(eds) Advances in Systems Engineering. ICSEng 2021. LNNS, vol. 364, pp. 310-319,
https://doi.org/10.1007/978-3-030-92604-5_28.

Borisova, D., Dimitrova , Z., Dimitrov, V.: How that Support Teams that be Remote and
Productive : Group Decision-Making for Distance Collaboration Software Tools .
Information and Security . Digital Transformation , Cyber Security and Resilience 46,
36-52 (2020).

Borisova, D., Dimitrova , Z., Garvanova, M., Garvanov, |., Cvetkova , P., Dimitrov , V.,
Pandulis , A.: Two-stage decision-making approach that survey the excessive usage
of smart technologies . Problems of Engineering Cybernetics and Robotics 72, 3-16
(2020). https://doi.org/10.7546/PECR.73.20.01.

Borissova, D., Keremedchiev , D.: Group decision making in evaluation and ranking of
students by extended simple multi-attribute rating technique . Cybern . Inf . Technol .
18(3), 45—-56 (2019)

Borissova, D., Mustakerov, I.: A concept of intelligent e- maintenance decision making
system . Innovations in Intelligent Systems and applications, 2013 IEEE International
Symposium on. 19-21 June 2013, https://doi.org/10.1109/INISTA.2013.6577668.
Borissova, D.: A group decision making model considering experts competence : an
application in personnel selections . Comptes rendus de I'Academie Bulgarian des
Sciences 71(11), 1520-1527(2018)

Abstracts of Dissertations 2023(10) 3-33


https://doi.org/10.3390/designs5030055
https://doi.org/10.7546/PECR.76.21.01
https://doi.org/10.1007/978-3-030-92604-5_28

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

DESIGN OF "SMART HOMES" UNDER OPEN-SOURCE SYSTEM OPENHAB 32

Daneyv, V., Kirilov, L., and Nikolov, R. (2021). Creating smart home environment based
on opensource home automation software . In: Int. Conference on Computer Systems and
Technologies, CompSysTech'21, pp. 81-86, https://doi.org/10.1145/3472410.3472444.
Daneyv, V.: The Internet of Things: description , applications, development , challenges .
Problem _ Eng . Cybern . Robot . 76, 3-24 (2021).
https://doi.org/10.7546/PECR.76.21.01

Diesch, R., Pfaff , M., Krcmar , H.: A comprehensive model of information security
factors for decision-makers . Comput . Security . 92, 101747 (2020).
https://doi.org/10.1016/j.cose.2020. 101747

Guliashki, V., Marinova, G., Groumpos, P.: Multi-objective optimization approach for
energy efficiency in microgrids . IFAC-PapersOnLine 52(25), 477-482 (2019).

Guliashki, VG, and Marinova, Gl (2020). Optimization approach for improvement of
energy efficiency of buildings in a microgrid . In: IEICE Information and Communication
Technology forum , https://doi.org/10.34385/proc.64.1ICTF2020_paper_5.

Hamza, AA, Abdel-Halim , IT, Sobh , MA, Bahaa-Eldin, AM: A survey and taxonomy of
program analysis for loT platforms . Ain Shams Eng . J. (2021).
https://doi.org/10.1016/j.asej.2021.03.026

Jafari, R., Razvarz, S., Gegov , A., Vatchova, B.: A survey on applications of neuro-fuzzy
models . In: 2020 IEEE 10th International Conference on Intelligent systems, pp. 148—
152 (2020).https://doi.org/10.1109/1S48319.2020.9200185

Lin,Y.-N., Wang, S.-K., Yang, C.-Y., Shen, VRL, Juang, TT-Y., Hung , W.-H.: Development
and verification of a smart remote control system for home appliances . Comput .
Electr . Eng . 88, 106889 (2020). https://doi.org/10.1016/j.compeleceng.2020.106889
Naka, E., Guliashki, V.: Optimization techniques in data management : a survey . In:
7th International Conference on Computing and Data Engineering, pp. 8-13 (2021).
https://doi.org/10.1145/3456172.3456214

Raju, L., Sowmya , G., Srividhya , S., Surabhi , S., Retika , MK, and Reshmika Janani , M.
(2021). IoT- based home automation using Raspberry Pi. In: Seyezhai, R., Karuppuchamy,
S., Ashok Kumar, L. (eds) Recent Trends in Renewable Energy Sources and Power
conversion , pp. 155-161, https://doi.org/10.1007/978- 981-16-0669-4_12.
Ramlowat, DD, Pattanayak, BK: Exploring the Internet of Things (IoT) in education : a
review .In: Satapathy , SC, Bhateja , V., Somanah , R., Yang, X.-S., Senkerik , R. (ed.)
Information Systems Design and Intelligent Applications. AISC, vol. 863, pp. 245-255.
Springer, Singapore (2019). https://doi.org/10.1007/978-981-13-3338-5_23
Rashevski, M., Nikolov, R., Danev V. (2019) Smart Home as a Services: Towards Smart
and Energy Efficient Homes , LAP LAMBERT Academic Publishing ISBN: 978-
6200003072

Sharabov, M., Tsochev, G.: The use of artificial intelligence in Industry 4.0. Problems of
Engineering Cybernetics and Robotics 72, 17-29 (2020).
https://doi.org/10.7546/PECR.73.20.02.

Suresh, P., Daniel , JV, Parthasarathy, V., Aswathy, RH: A state of the Art review on the
Internet of Things (loT) history , technology and fields of deployment . In: Proc . of
International Conference on Science Engineering and Management Research (ICSEMR),
pp. 1-8, Chennai, India (2014). https://doi.org/10.1109/ICSEMR.2014.7043637.
Vodyaho, A., Yoshinov, R., Zhukova , N., Thaw , AM, Ahmed, AS: Fog oriented model
for datacollection in the networks of mobile devices . In: Proc . of IEEE 10th Int. Conf.
on Intelligent  systems, pp. 421-425, Varna , Bulgaria  (2020).

Abstracts of Dissertations 2023(10) 3-33


https://doi.org/10.1145/3472410.3472444
https://doi.org/10.1016/j.cose.2020
https://doi.org/10.34385/proc.64.ICTF2020_paper_5
https://doi.org/10.1007/978-%20981-16-0669-4_12
https://doi.org/10.1007/978-%20981-16-0669-4_12
https://doi.org/10.1007/978-%20981-16-0669-4_12

BbJITAPCKA AKAOEMUA HA HAYKHUTE

ABTOPE®EPAT HA OUCEPTALUUA

3a NPUCHAKAAHE HA 00pa30BaTe/IHA U HAYYHA CTEeNeH “JOKTOP” IO JOKTOPCKA Mporpama
“Nudopmaruka”

NMPOEKTUPAHE HA “YMHU KbLLUA” NOO OTBOPEHA
CUCTEMA OPENHAB

Bukmop KbHyes [JaHes

PwkoBoguten: NMpod. aHnena bopucoBa

Hay4Ho Xypwu:

[Mpop. N'eoprmn dumutpos

[Mpodb. MBaH NapBaHoOB

[Mpodb. AnekcaHabp LnkanaHoB
[Mpodp. Bacun lNynsawwkm

Hou. HuHa [JobpuHkoBa

VIHCTUTYT NO UHQPOPMAaLMOHHN U
KOMYHUKaALMOHHU TEXHOMNOIMun

Cekuus ,MogenupaHe n ontumusauma’




35 Buxmop anes
YBO/,

Bbp3oTo passutme Ha UKT (MHGOPMALMOHHN U KOMYHUKALMOHHU TEXHONOTMUMK) €
npeanocTaBKa 3a HaBAW3aHETO Ha HOBM TexHosormu. MKT u IoT (Internet of Things, namn
MHTepHeT Ha HewaTa) ca TACHO CBbP3aHN U AONbABALLM ce 06aacTu. HAKOM OT acnekTuTe
Ha Bpb3KaTa mexay UKT u loT ca UHTerpauma: UKT npepoctasa MHPACTPYKTypaTa, KOATO
no3Bo/IABA Ha ycTpoiicTeaTa B 10T fa ce cBbP3BAT M KOMYHWKUPAT NOMEXKAY CU U C ApYrn
cuctemn. ObpaboTka Ha gaHHU: UKT npeaocTtasa nnatdopmute 3a 06paboTka, aHanms3 u
CbXpaHeHWe Ha ronemun obemu oT JaHHK, reHepupaHu ot loT ycTporicTBaTa. besonacHocT:
MKT npepocTasa peweHmaATa 3a CUrypHOCT, KOUTO 3alinTaBaT 4aHHUTE U KOMYHUKaLUUTE B
loT mpexuTe. 10T ce OTHAacA A0 B3aMMOCBbP3aHa MpeXka OT GM3MYECKM YCTPOMICTBA,
NPeBO3HW CPeACTBa, AOMAKUHCKU ypeau U Apyru eNemeHTU, BrpafeHU C eNeKTPOHUKa,
codTyep, CEH30PU 1 CBBP3AHOCT, KOETO NO3BO/ABA Ha TE3N 0O6EKTU Aa cbbMpaT n 06MeHAT
AaHHW. |oT e 6bpP30 pasBMBaLLa CE TEXHOOIMMA, KOATO TPAaHCPOPMMPA HauMHa, NO KOUTO
Xuseem, pabotm u B3aumogelicTBame cbC cBeTa. CbliecTByBaT obaye M 3HAYUTENHM
npeaun3BuKaTeIcTBa U PUCKOBE, KOUTO TPADOBa Aa 6bAAT pasrnefaHu, 3a 4a ce rapaHTMpa,
ye loT ce nprema 1 13N03Ba NO OTFTOBOPEH U YCTOMUYMB HAUMH.

YMHUTE KblLM ca BUA Cpea 3a XKUBEEHE, KOATO BKIKOYBA TexHoNornATa IHTepHeT Ha
HewaTa (loT) 3a aBToMaTM3MpaHe Ha Pas3/IMYHM aCNeKTU Ha AOMa, KaTo OCBET/IEHME,
OoTONJIeHNe, CUTYPHOCT M 3abaBneHne. YMHaTa Kblla € CBbp3aHa MpeXKa OT YCTPOWMCTBa,
KOMTO paboTAT 3aeAHO, 33 Aa OCUrypaT 6e3npob1eMHO, UHTYUTUBHO U YAO6OHO KU3HEHO
U3KMBABAHE. YMHUTE KblLM CbLLO MOraT Aa 6b4aT eHepruiiHo epeKTUBHM, Tbil KaTo MoraT
aBTOMATUYHO [ peryanpaT OCBET/IEHNETO, OTOMIEHNETO U OX/AXKAAHETO U ApYru ypeau.
ToBa He camo cnecTABa eHeprvA M HamasABa pPa3xoAuTe, HO CbLIO Taka nomara 3a
HamanABaHe Ha Bbr/IepoAHMA OTNEeYaTbK M 3alLMTa Ha OKOJIHATa cpeaa. [IpoeKkTMpaHeTo Ha
YMHU Kby ("smart homes") Hanara UHTerpaumaTa Ha PasANYHU TEXHOIOTUM U CUCTEMM, 33
Oa ce cb3gane KombopTHa, edeKTMBHA M aBTOMaTU3MpPaHa cpesa Ha KUBOT.

HacToAwmAT gucepTaumMoHeH Tpya aHanu3npa MetToam U CpeacTsa 3a NPoeKTUpaHe
Ha WHTENTeHTHUTE AO0MOBE. AKLIEHTbT B U3C/IeBaHETO € BbPXY MHOFOKpUTEPUATHOTO
B3eMaHe Ha pelueHua nNpu nsbopa Ha naatdopmu 3a JOMALLIHA AaBTOMATU3aALMA C OTBOPEH
KOJA, apXMTEKTypa 3a aBTOMaTM3aLmMA Ha loT-6a3nMpaHO MHTEANTEHTHO OTON/IEHME Ha IOMa,
KaKTO M COPTYyepHOTO pelleHMe 3a Ta3uM aBTOMATU3aLMA, BKAKYUTENHO M Moen 3a

onpeaensHe Ha eKWN 3a peannsnpaHe Ha Nnpoektu B obaactra Ha loT.
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CTPYKTYPA HA ANCEPTALIMATA

B MnaBa 1 e HanpaBeH 0630p Ha TEXHO/IOTUUTE, CTAHAAPTM M NPUNOXKEHUA Ha loT.
PasrnepaHu ca pasnnyHUTE acnNekTn Ha UHTEIUFEHTHUA AOM KaTo Y4acT OT NapaaurmaTa Ha
loT. AHanu3MpaHu ca nNpeaMMCTBaTa M HeaoCTaTbLUTE Ha KomepcuanHusa codtyep u
codTyepHM nnaTtdopmmn C OTBOPEH KOA 33 M3NON3BaHE B AOMAlUHaTa aBTOMaTM3auums.
HanpaseH e npersneg Ha MeToguM Ha MHOTOKPUTEPWMANIHOTO B3EMaHe Ha pelueHuA Mpu
nm3bopa Ha NoOAXOAAWM anNTEPHATMBM 3a CNPABAHETO C MPOTUBOPEUMBU KpUTEPUM,
CbNPOBOXKAALLM B3EMAHETO Ha PeLeHNA Ha CN0XKHM Npobaemu.

B naBa 2 ca onucaHuM NpeasoXeHUTe MOAEeNMN 3a OUEHKa W KlacupaHe Ha
Bb3MOXKHWUTE anTepHaTMBU NPU B3eMaHe Ha pelleHnA 33 NPOEKT Ha MHTeNUTreHTeH AOM C
MCDM  TexHWKM, KOMUTO no3BoNABaT MHOOPMMPAHO B3eMaHe Ha pelleHus,
NpPUOPUTU3MpPAHE HA anTepHaTUBUTE U ONTUMMU3IUPAHE HA PA3/IMYHMN aCNEKTU B KOHTEKCTa
Ha MHTeNureHTHUTEe gomose. lMpeacTaBeH e MoAeN 3a B3eMaHe Ha pelueHune 3a u3bop Ha
codpTyepHa nnatpopma c 0OTBOPEH KO 3a NPOeKTUpaHe Ha 4OMALLIHA aBTomaTm3aums ¢ loT.
3a uenta ca onpeaeneHn OCHOBHUTE XapaKTePUCTUKM Ha naatpopmuTe, KOUTO ca
M3MN0N3BaHWN KaTo KpUTepuu 3a oLeHKa. OnNucaH e U NpeaoXKeHua Mmogen, KOMTo Mma 3a
uen ga onpepennm HeobxogMmuTe KOMMETEHTHOCTM 33 peanusMpaHe Ha MNPOEKTU B
obnactta Ha loT u no-cneunanHo 3a JAOMallHa aBToMatTusauua. [peanoKeHuaT
MHOFOKpUTEPMANeH MaTeMaTUYeCKM MOAen B3eMa Npeasua, He camo 3HaHUATa B obacTTa
Ha |0T, HO CbLUO TaKa OTYMTA XaPAKTEPUCTUKM HA CNeumanmcTuTe 3a paboTa B ekun.

B TnaBa 3 ca npeacTaBeHUM MpPOBEAEHUTE YWUC/IEHU EKCNepMMEHTUM Ha
npeasioXKeHnTe MoAeNu 3a peanusupaHeTo Ha ymeH gom. OnucaH e peanusmpaHuAaT
NPOEKT Ha WHTENIUFeHTHO OTOMNJIeHne, KOMTO Wu3non3Ba codTyep 33 [AOMalLHa
aBTomaTtusaumAa ¢ oTteBopeH Kopa OpenHAB. [lpepctaBeHa e apxuTekTypaTa 3a
aBToMatmsauma Ha |oT-6a3npaHO WHTEUFEHTHO OTOMJEHME Ha [AOMa, KaKTo MU
codTyepHOTO pelleHue 3a Tasu aBTomaTm3auma. ONMcaHM ca YucneHuTe pesynTatv oT
npoBeAeHOTO TECTBAHE Ha NPeAoXKeHUA MAaTEMATUYECKMA MHOFOKpUTEpUaneH moaen 3a
OLEeHKa WM Knacauusa Ha HeobXxoAMMM KOMNETEHTHOCTWU 3a peanusnpaHe Ha NPOEeKTU B
obnactTa Ha |oT, n3non3ealiku Age rpynu oT KAYOBU MHAMKATOPMU.

B 3aK/i04eHMEeTO ca pe3toMMPaHU NONYYEHUTE Pe3ynTaTh M ca NMOCOYEHU HAKOU
HACOKM 33 bbaewm U3cneaBaHusA, CBbP3aHW C Pas3/IMYHM acNeKTU Ha Cb34aBaHETo Ha

WUHTENIUTEHTHU AOMOBe.
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[NIABA 1. AHA/IU3 HA NPEAU3BUKATE/ICTBATA B OBJIACTTA HA
WHTEPHET HA HELLATA U TEXHUKUTE, NPUNOUMM NMPU
MPOEKTUPAHE HA CUCTEMMU, U3MON3BALLM UHTEPHET HA
HELLATA

1.1 AeduHULMMN, XapaKTEPUCTUKN, APXUTEKTYpa Ha loT

KoHuenuwuATa 3a MHTepHET e M3N0/13BaHa 3a NbpBM NbT Npe3 1999 . oT KeBWH ALLTbH
(Atlam, Walters & Wills, 2018). OT rnegHa Toyka Ha AwWwTbH, MIHTepHET Ha HewaTa Mma
noTeHLMana Aa NPOMEHM CBETA NO PA3/IMYHU HAUYMHM KATO M3MNON3BAHETO HA UHTEPHET.
TpaAWLMOHHO TEXHONOMMATA MOXKE Aa Ce Pa3I/Iexaa U KaTo c/eaBalla cTbrka B paboTaTa
Ha MHTepHeT. Ha npakTuKa loT moxe Aa ocurypu Bpb3Ka C NOYTU BCUYKM 0BEKTU B peanHua
cBAaT (Sharabov & Tsochev, 2020), BKAOUNTENHO KOMYHUKALMA U CbTPYAHUYECTBO Ypes

nHTepHeT (bopucoea, Aumutposa, AnumuTpos, 2020).

OnucaHue Ha loT
MHTepHeT Ha HewaTa (loT) ce oTHaca A0 exepHeBHWUTE GU3MYECKM YCTPOWCTBA,
KOWTO Ca CBbP3aHW C UHTEPHET C uen cbbupaHe Ha AaHHW, npegasBaHe U 0b6paboTKa,

OTHaCALM Ce [0 Pa3NNYHM NPUAoKeHUa 1 ycnyrn (Hamza et al., 2021).

W3cnepoBatencku HanpaBaeHua
Hali-0610 ABe “3cief0BaTe/ICKU HanpasneHWs moraT Aa 6baat onpegesHu, a

UMEHHO!: CTaH,D,apTM3aLI,VIFI, n CMI’ypHOCT M NOBEPUTENHOCT

NpunoxkeHua Ha loT

MpunoxeHuata Ha loT obewwasaT ga [AOHecaT OrpPoMHa CTOMHOCT B KMBOTA
6narofapeHue HaNo-HOBUTE BE3KUUYHN MPEXKM, CbBPEMEHHUTE CEH30PU U CbBPEMEHHUTE
U34YUCUTENHN BB3MOXKHOCTU. Cpes, obnactute Ha npunoxeHne Ha loT  ca:
3apaseona3saHe; MOHUTOPUHT Ha OKOAHaTa cpefa; UHTennreHTHO 3emeaenue; Cebp3aHa
MHAYCTPUA; ABTOHOMHM aBTOMOBMAW; YMHU rpafoBe M YMHU AOMOBe; MHTeNUreHTHu
eHeprocnecTaABalln U UHTENUTEHTHU e/1eKTPOEHePrMtHU MpeXKn; Hocumu ycTpoicTea; u

Aap.

NpeaunssuKkarencrsa

MpepussukaTencrTsata npeg loT ca cBbp3aHu c: Ffonemu gaHHK; MNpegocTaBaHe Ha
mpexka; XeteporeHHocT; OnepaTMBHa CbBMecTMMOCT; Mawabupyemoct; CurypHocT u
noseputenHocT; NoaapbikKa.
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UHTenureHTeH gom

Pa3HOBMAHOCTUTE Ha MPUIOKEHUATA 32 UHTE/IUFEHTEH AOM Ca WIOCTPMPAHM Ha
dur. 1.5.

OxparuTenHH
cUCTEMM

Kourponum
yCTpORCTEA W
namepnane Ha
EHPruaTa

Oceernenme

KOHTpOA HA
AYAMO W
BMAE0

Oxnampanke v
oronneHmne

durypa 1.5. MpunoxeHna 3a UHTENUTEHTEH 0M

1.2 AHanu3 Ha TEXHUKU U CPeACTBA, NPUIOXKMMU NPU NPOEKTUpaHe Ha

cucrtemu, nsnonssawm loT

Co¢tyep 3a ynpaBneHue Ha loT xapayepHuUTe ycTpoiicTBa

MN360pbT Meay KomepcuanHusa codTyep n copTyepa c oTBOpEH Kog Tpsabea aa ce
6asupa Ha cnegHUTE daKTopu:

o  ®DyHKUMOHANHOCT: M3cneaBaHe U cpaBHABaHe GyHKLMOHAAHOCTTA Ha A4BaTa TMNa
codTyep, 3a YBEPEHOCT, Ye OTFrOBAPAT Ha CNeUUOUUHNUTE HYKAM U U3UCKBAHUA.

e YcTpoiicTBa M MHTerpauma: PasrnexgaHe CbBMeCTMUMOCTTa Ha codTyepa ¢
yCTpOl‘;ICTBaTa, KOUTO Ce nHTerpupart B CMctemata 3a AOMalllHa aBTOMaTMU3aUMUA.
MpoBepka ganu codpTyepsbT NoAAbPKA HYXKHUTE MPOTOKOAUN U CTAHAAPTU.

e [BKABOCT M NEPCOHANMN3aLMA: AKO Ce Keslae roNama MBKaBOCT M Bb3MOXKHOCT
3a NepcoHanmsaumna Ha cmcrtemara cu, co(bTyepr C OTBOPEH KO4 MOXe Aa 6'b,ﬂ,e
no- noaxoaaw,. AKO ce TbpCAT rOTOBM peleHUs W JlecHa HaCTPOWKa,
KOMepcUanHUAT codTyep MmoKe Aa 6bae npeanovnTaH.

e Broaxet: biogKeTbT CbLo MOXe Aa Urpae pons B pelweHneto. KomepcmanHuar
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codpTyep 06MKHOBEHO M3UCKBA MAALLAHE 33 IMLEH3W UM aBOHaMeHTH, AOoKaTo

codTyepbT C oTBOpeH Koa e 6e3nnateH 3a u3nosnssaHe. Bbnpeku ToBa, npu

codTyepac 0TBOpPeH Ko TpAbBa 4a ce B3emaT NpeaBua, 4OMb/HUTEHN Pa3Xoam

3a XapAyep UTeXHWYECKa NoAAPbIKKA, ako e Heobxoamnmo.

ToBa ca camo HAKou OT daKTopuTe, KOMTO TpAbBa Aa ce B3emaT npeasua npu
n3bopa Ha codTyep 3a AOMAlLHA aBTOMaTM3auma. BaxkHO e ga ce nposege NoApobHO

n3cneABaHe M 4a ce HanpaBu CpaBHeHMWeE, 33 Aa Ce HaMepy Hal-NOAXOAALLOTO peLleHue.

Nnatdpopmu 3a AomallHa aBTOMATU3ALMA C OTBOPEH KOA,

MnatdopmuTe 33 4OMALIHA aBTOMATM3ALMA C OTBOPEH KoA, KaTo Home Assistant u
OpenHAB, cny»KaT KaTo OCHOBA 3a Cb34aBaHe Ha MHTE/IMTEHTHU AoMoBe. Te3n naatdpopmu
npeasiaraT LeHTPaamM3mpaH xbb, KOWTO MHTErpMpa U KOHTPOMPA PasINYHU YCTPOMICTBA,
BK/IIOYMTE/THO OCBETNIEHME, TEPMOCTATU, CUCTEMM 33 CUTYPHOCT M 3abaBneHmA. OcBeH TOBa,
nAaTGopmMmUTe C OTBOPEH KOA, NOALBPIKAT PA3IMYHU KOMYHUKALLMOHHMW NPOTOKOAN, KOETO
rapaHTMpa CbBMECTMMOCT C MHOMECTBO YCTPOMCTBA OT Pas3/IMyHM NPOU3BOANTENMN.

Cucremu 3a AOMALLHA aBTOMaTU3aLMA C OTBOPEH Koa
ChLLecTBYBaT HAKOIKO CUCTEMM 33 JOMALLHA aBTOMaTU3aLMA C OTBOPEH KO, KOUTO

npeanarat reBKaBOCT U Bb3MOXXHOCTU 3a NepCcoHannsauyma.

Nnatpopma OCHOBHM MBKaBoCT U WUHTerpauma n O6wHoCT U
P XapaKTepUCTUKKN nepcoHanusauma CbBMECTUMOCT noaApbIKKa
Home Linpoka noaapbKKa Fonam 6poit UHTerpauma ¢ AKTMBHa 0BLWHOCT U
Assistant Ha ycTpoicTea u [o6aBku 1 NonNynApHN YMHU dopymu 3a
NPOTOKON WHTerpaumm YCTPOMCTBA U yCayrn noAApPbKKa
LWnpoka
bBKaB v paswmpaem | Bb3morkHOCT 3a
CbBMECTUMOCT C AKTMBHA OBLWHOCT 1
OpenHAB codpTyepeH rnpaBeHe Ha CA0XHN .
. ycTponcTBa u noAApbKKa
$perimybpK aBTOMaTM3aummn
NPOTOKOAN
NHTerpauma cbe
JlecHo cb3gaBaHeHa pay dopymu n
. JlecHa MHcTanauma n CTaHAAPTHU
Domoticz o npasuna u noAApPbKKA OT
HacTpoliKa cueHapum NPOTOKOAM KaTo Z- oBuHOCTTa
5 Wave, Zigbee Lu'
Mozilla ®DOoKyC Bbpxy IM4HaTa | Bb3mMoOXKHOCT 3@  |UHTerpauma c rnacosu PaspaboTtka u
WebThings noseputenHoct u | pobassaHe Ha cBOU aCUCTEHTU U noAApPbKKA OT
8 CUTypHOCT moaynun cTaHAapTHUNpoTokoan| Mozilla Foundation
Mo bXKa Ha
AAP Bb3MOXHOCT 33 WHTerpauma c AKTMBHa 0BLWHOCT U
. LWMPOKa rama ot
ioBroker cTpoiicTBa Cb3gaBaHe Ha nonynapHn dopymu 3a
Y CNOXKHW CUCTEMU | YCTPOWCTBA U yCAYTU noAApbKKa
NPOTOKOAN

1.3 B3emaHe Ha pelueH1a No MHOXeCTBO Kputepun (MCDM)

MHorokputepmnanHo B3emaHe Ha peweHusa (Multi-Criteria Decision-Making —
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MCDM) enoaxon, KOWTO ce 3aHMMaBa CbC CTPYKTypMpaHe WM pelsaBaHe Ha npobaemu,
BK/IIOYBALLM MHOXECTBO KpuTepuu. To e NpeagHa3HayYeHo Aa noarnomara MuaTta, B3emalum
peleHna 1 U3BbPLUBALLM MNNAAHUPAHE, U3NPABEHU Mpes CNOXHU npobnemu. TepMUHBT
"pewaBaHe" B TO3M KOHTEKCT MOXe Ja CbOTBETCTBA Ha M3bopa Ha "Han-gobparta"
anTepHaTMBA OT HAabOp OT HA/NMYHW ANTEPHATUBM UAWM AO0PU M360P Ha Manbk Habop oT
no6pu anTepHaTUBMK.

PewaBaHeTo Ha npobnem ¢ MCDM wu3uckBa BKAOYBaHe Ha MHdopmauua 3a
npeanoYnTaHnATa, Tbil KaTO HAMA efHO ONTUMANHO peleHne. KaTo TakbBe, B3eMawmaT
pelweHna yecTo TpAbBA Aa 3amMeHA onpeaeneHn KpuTepuu c Apyrn. ToBa Moxe ga ce
NOCTUrHE C NOMOLLTA Ha Pa3/INYHM NOAXOAM U MEeTOOM.

Ponata Ha MCDM npu o06paboTkata Ha nNpPOTUBOPEYUBU KpUTEpPUM Npu

B3eMaHeTo Ha peLleHus

MeToauTe 3a MHOrOKpUTEpPUMaNHO B3emaHe Ha peweHus (MCDM) wurpast
pelaBalla posiA Npu CNpaBAHETO C NPOTUBOPEYMBU KPUTEPUN MPU B3EMAHETO Ha peLleHuns.
MpoTMBOPEUMBUKPUTEPUM BB3HMKBAT, KOraTo Pas/IMuHN KPUTEPUU UK LENU He MoraT aa
6baaT ONTUMM3NPAHW e HOBPEMEHHO M TPABBa Aa ce HanpaBAT KOMNPOMMUCH.

Ypes pasrnexpgaHe u ynpasseHMe Ha MPOTUBOPEUMBU KPUTEPUU, TEXHUKUTE Ha
MCDM no3BonfABaT Ha AnLaTa, B3eMally peLlleHns, Aa Ce OPUEHTUPAT B CIOXKHOCTTA Ha
B3EMAHETO Ha peleHna M Aa NOCTUIHAT 6anaHC MeXay KOHKypupawute ce uenun. Te
ocurypaBaT cucTemaTMyeH MoAxoh, 3a OUEeHKa Ha anTepHaTUBUTE, KOIMYECTBEHO
onpegenaHe Ha ePeKTUBHOCTTA, onpeaesaHe Ha TEeXeCTU U B3emaHe Ha MHOOPMUPaAHU
pelweHnsa, KOUTO ONTUMM3IMPAT KOMMPOMWUCUTE W Ce MpPUBEXAAT B CbOTBETCTBME C

npeanoyYnTaHMATA U NPUOPUTETUTE Ha 3aNHTEPECOBaHUTE CTPaHU.

KoHuenuuaTa 3a HegoMUHUPaHu peweHna 8 MCDM
HepomuHupaHuTe pelweHns npeacTaBnssaT Habop OT anTepHaTMBM, KOMTO He ca

AOMUHUPAHU OT Apyra anTepHaTUBa NOOTHOLWEHNE Ha MHOXXeCTBO KpUtepmnu

TexXHUKU Ha MHOTOKPUTEPUANTHMA aHA/IM3 NPU B3EMaHe Ha peLueHus

TeXHWKM Ha MHOFOKpUTEPUAZIHMA aHaM3 NPY B3eMaHe Ha pelleHna NpeaocTasaT
pamKa M MHCTPYMEHTW, KOWUTO MomaraT fa Ce CpPaBHABAT M OLEHABAT pPas/iuHu
aNTepHaTMBM Bb3 OCHOBA Ha HAKO/NIKO Ha 6poiM KpuTepusa, KOUTO ce ONTMMMU3MpaT
elHOBPEMEHHO B AafeHO MHOXKeCTBO OT AOMNYCTMMM anTepHaTuBU. B obwma cnyyait He
CblUecTByBa aNTepHaTMBa, KOATO Aa € ONTMMAJIHA 338 BCUUYKM KPUTEpUM, HO MOXKe 4a ce

CbCTaBM MHOXeCTBO OT a/ITepHaTUuBMWU. EgHn ot HaW-U3BECTHUTE TEXHUKU Ha
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MHOrOKpUTEPUAnHUA aHann3 ca Memodvm Ha AHanumudeH lepapxuyeH npoyec w

Memod Ha npemezneHama cyma.

1.4 U3Bogun

B pesyntaT Ha HanpaseHMs 0630peH aHanM3 Ha TEeXHO/IOTMYHM peLleHus,
MaTeMaTUYeCcKn MeToamn U codTyepHN CPeLCTBa, MPUAOKMMU B 061aCTTa Ha NPoEKTUpaHe
Ha YMHM KblUM C M3Mon3BaHe Ha loT v nnatdopmu 3a gomaluHaTa aBTOMATM3aUMA C
OTBOPEH KOA, MOraT fia ce HanpaBAT CNeHUTE U3BOAU:

®  K/IIOYOBMTE NPeAMMCTBA Ha |0T ca B aBTOMATU3MPAHETO Ha Pa3/IMYHK NPOLLECH B

[LOMOBETE, KaKTO 1 B CbbMpaHe 1 aHaAM3MpaHe Ha roIeMM KOIMYeCcTBa AaHHMU;

e HeobXxoaMMmo e fa ce OTYMTAT NPEAM3BMKATE/ICTBA, CBbP3aHM C YMHUTE 4OMOBE

No OTHOWEHME Ha LeHaTa 33 MHCTaAMpPaHe U NOAAPbBXKKA, CbBMECTUMOCTTa, U

NoBEPUTENHOCTTA U CUTYPHOCTTA.

e Tpabsa Aa ce B3emat npeasug onpegeneHun baktopu npu nsbopa Ha codpTtyep 3a
[OMallHa aBTOMaTU3aLMs, BaKEH e CUCTEMATUYeH U OBEKTMBEH aHanu3 Ha
anTepHaTMBUTE NpU B3emaHeTo Ha pelweHuAa. MCDM TexHUKWUTe no3BonABaT
MHPOPMMPaAHO B3eMaHe Ha pelleHUs, NPUOPUTU3MPAHE Ha anTepHaTUBUTE U

ONTUMU3NUPAHE Ha Pa3/INYHN aCNEKTU B KOHTEKCTA Ha MHTENUTEHTHUTE AOMOBE.

1.5 Uen n 3apaum Ha agucepTaLMoOHHUA TpyA

OT HanpaBeHWA aHa/M3 Ha CbLLECTBYBALLUTE TEXHONOMUK, CODTYEPHU NOAXOLMN U
npeav3BUKATENCTBA NPU NPOEKTUPAHE Ha UHTEIUTEHTHUA J0M, ce GOPMYNUpa U caegHaTa
LeN Ha AUCepPTaLMOHHUAT TPYA: Aa Ce NPeA/IoxKM NPOEKT 33 M3rpakaaHe Ha yMeH JOM KaTo
ce u3non3Ba copTyepHa naatdopma c OTBOPEH Kog. 3a peannsnpaHeTo Ha Tasu Len e
HeobXxoAMMO fa ce U3NBAHAT CAeHUTE 3a43a4u::

1. pa ce HanpaBu aHanuM3 Ha npeausBuKaTencTBata B obnactta Ha loT wu

TEXHUKMTE, TPUNOKUMM NPU NPOEKTUPaHE HA CUCTEMMU, M3noa3BaLwm loT,

2. [a ce NpeANoXM MHOTOKpUTEPUANEH MOAEN 33 B3eMaHe Ha pelueHus 3a nsbop

Ha nnatdopma C OTBOPEH KOZ 33 NPOEKTUPAHE Ha YMEH A0M;

3. [4a ce NpeAnoXu Mogen 3a onpefensHe Ha KOMNETEHTHOCTM Ha CNeunanmcTy no

loT3a NPOEKTUPAHETO M PeaNn3npPaHeTo Ha YMEH A0M;

4. pa ce NpeasioXku NOAXOZ4 33 M3rpaXkAaHe Ha MHTE/MreHTHa JOMaluHa cpefa

M3M0/13BaHE Ha COPTYEPHM CUCTEMMU C OTBOPEH KOA,

5. p[a ce nposepaTt YUCAEHUTE eKCNepuMeHTM 32 BanuaupaHe Ha npeasioXKeHuTe

Asmopeghepamu na ducepmavuu 2023(10) 34-63



IIPOEKTHPAHE HA “YMHH K'BIIIH” 1101 OTBOPEHA CUCTEMA OPENHAB 42

MOAENN U MOAXOAM.

rMABA 2. MOAENMUPAHE N NPOEKTUPAHE HA YMHU KblLLIU YPE3
nogxopn 3AB3EMAHE HA PELLEHMUA MO MHOXECTBO KPUTEPUU

B Tasu rnaea ca onucaHu NpeasioKeHWTe MOLENN 3a B3eMaHe Ha pelleHuA 3a
1M3b0op Ha anTepHaTMBM MNpPU NPOEKTUPAHE Ha WHTEAWreHTHaTa aBTOMAaTM3auuA ¢
n3nos3BaHe Ha codTyepHU nAaTGopmMM C OTBOPEH KOA, KAaKTO M 33 OLEHKa Ha

KOMMETEHTHOCTU Ha Y1eHOoBe OT eKMMa 3a NpuaaraHe Ha TEXHONOMMKU, CBbP3aHu c loT.

2.1. MHOroKpuTepmnaneH noaxoA Npyu NPOEKTUPAHe HA YMEH A0M

MpoeKkTMpaHeTo M BHeAPABAHETO HAa YMHM [OMOBE € C/IOXHa 3ajaya, KOATO
M3NCKBA KOMMIEKCHM NPOLLECU Ha B3EMaHE Ha pelleHus. Tesun pelueHma moraT ga obxsaluat
WMPOK CMNeKkTbp OT aKkTopu, KATo eHepruinHa edeKTUBHOCT, pPeHTabuaHocT,
aBTOMaTU3aunA, KOMPOpT, CUFYPHOCT M ecTeTuKa. CNOMKHOCTTA Ha Te3u pelleHua ce
YMHOaBa, KOraTo ce pasriexaa MHOXeCTBOTO Ha/IMYHW TEXHOIOTUN N Bb3MOMKHOCTH 33
An3aiiH. ToBa e MACTOTO Ha KOHLEeNUWMATa 3a B3eMaHe Ha peLleHWA Mo MHOXecCTBO
Kputepum — Multiple-Criteria Decision-Making (MCDM). MCDM BKAto4YBa CTPYKTypupaHe
Ha CNOXKHM NPO6AEMU U U3PUYHO PasraexaaHe Ha MHOMKECTBO KpUTEepUU, KOETO MOXKe Aa
aosege [0 no- MHGopMMpaHU U No-a406pu pelleHus.

2.2. Mogen 3a B3emaHe Ha pelueHue 3a usbop Ha codptyepHa nnatpopma c

OTBOPEH KOA 32 NPOeKTUpPaHe Ha AOMalUHA aBTomaTtusaums c loT

NHTenureHTHaTa aBTOMaTU3aLMA Ha AOMa pas3yMTa Ha HaM-HOBUTE TEXHONOTUM,
KOMTO [aBaT MHOIO MNPaKTUYECKM NPeaMMCTBA KAaTo OUCTAHUMOHHO YyMpaBneHue Ha
AomawHuTe GyHKUMM; nogobpeHa GyHKLMOHANHOCT Ha yCTpoMCTBATa; ynpaBaeHue Ha
BCMYKM JOMALLUHM YCTPOMCTBA OT eHa LLeHTpasiHa ToYKa; NogobpeHa CUTypHOCT Ha A0Ma;
nosuwaBaHe Ha eHepruiiHata edeKkTMBHOCT M Ap. Bcuyko ToBa no3BosABa Aa ce
KOHTPO/IMpaT QYHKLUMKUTE Ha AOMa OT pa3cTtosHue (Lin et al., 2020). CurypHocTTa Ha AoMma
N eHepruiHaTa epeKTMBHOCT ca ABaTa BaXKHW GaKTopa, NOAKpenAwM KoHuenuuaTa 3a
ymeH Aom. M3non3BaHeTo Ha Kamepu 33 HabntogeHWe U Bb3MOXKHOCTTA 3a NpMemaHe Ha
CUTHaNW 32 CUTYPHOCT Ha MOBUTHO YCTPOWMCTBO NO3BO/ABA Aa Ce HabaoAaBaT gelHoCTUTE
B peanHo speme (Arif et al., 2020). MHTepHeT Ha HewaTa NPaBy Bb3MOXKHa ONTUMU3aLMATa
Ha eHepruiHaTa eGeKTMBHOCT NPU NPOEKTUPAHETO Ha Crpagu, CBbpP3aHa C HamanaBaHe Ha
eHepruiHuTe pasxoam 3a OTOMNJIEHNE, OXNAXKAAHE U OCBETNIEHWUE, BK/IOYMTENHO B YMHUA

aom (Guliashki & Marinova, 2021; Filho et al., 2019; Terroso-Saenz et al., 2019). Tosa ce
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Ob/IXKM HA NPEUM3HUA KOHTPOJT BbPXY OTOMAUTENIHUTE U OXNaauTesHUTe YyCTPOWCTBA C
nporpaMmmMpyem MHTeNUreHTeH TepMOCTaT, KOWTO NiaHWpa TemnepaTtypata M npegnara
Han-pobpaTta eHepruiiHa epeKkTUBHOCT. ABTOMaTM3UpPAHUTE HIAHCU CbLLO MoraT ga 6baat
nporpaMmmpaHun BbB BeYEPEH PEXKMM, KOraTo C/TbHLLETO 3a1A3Ba, ,0PU CBETIMHUTE MOFaT Aa
ce BKNHOYBAT M U3KNHOYBAT aBTOMATUYHO.

M3non3saHeTo Ha 6e3xu4yHa TexHonorMa He TpabBa ga 6bae camouen, 3a Aa
HanpasuTe AOMa CW YMeH, HO TpAbGBa BHMMATE/NHO fa Ce MOAXOoXAa KbM usbopa u
YyNpaB/AEHMETO Ha BCAKO YCTPOMCTBO. TOBA € HANIOKMTENHO, Tbid KAaTO HAKOWU CKOPOLUHU
ny6anMKaumMm npeaynpekaasaT 32 Bb3MOXKHU NCUXOIOMMYECKU U GU3MYECKM Bb3LENCTBUA
OT NpeKkomepHaTa ynotpeba Ha UHTEAUTeHTHU TexHonorum (Borissova et al., 2020; Mapkos,
2019). Tbit KaTO M3MON3BAHETO HA MHOFO MHTENUTEHTHM YCTPOWMCTBA HE MOKe Aa 6bae
npenoTBpaTeHo, pelweHneTo Tpabea fa ce ynpasnsasa npaBuaHo. Tpabsa pa ce usbepe
npasuaHUA codpTyepeH NPOAYKT 3a yNpaB/ieHMe Ha Te3U UHTEIMIEHTHU ycTpoicTea. ma aBe
Bb3MOXHOCTM 33 M360p Ha TaKbB cOdTyep, KOUTO MOXKe Aa YyNpPaBAABa UHTEIMTEHTEH AOM:
: TbPrOBCKW CUCTEMM USIU CUCTEMM C OTBOPEH KOg,

2.2.1. MHoOrokpuTtepuaneH mogen 3a OUEHKa M KnacupaHe Ha naatdopmu 3a

AOMaLUHa aBTOMATU3aLMA C OTBOPEH KOA

3a knacupaHe Ha nnatdopmuTe C OTBOPEH KOA Ca W3MNON3BAaHW OCHOBHM
napameTpu, CYMTAHM 3a KPUTEpUM 3a OLEHKA,KaTo ce M3Mnonssa cnefgHata QyHKLMA 3a

Nno/Ie3HOCT:
Ay = max 1y (ey)"™, i=12,..,M (2.1)
iwi=1 (2.2)

KbAETO OLEHKUTE Ha KpuTepuute (e;) 6Uxa MOriM Aa npuemat CTOMHOCTU U Mno-
roniAmaTa CTOMHOCT CbOTBETCTBA Ha NO-A06POTO M3NbAHEHME Ha anTepHaTuBata no
OTHOLLEHME Ha KOHKPEeTHUA KpuTepuin. HabopbT OT anTepHaTUBM Ce U3Pa3nABa Ypes3 UHAEKC
i, i={1,2,...M}, noKaTo HabopbT OT KPUTEPMM 3a OLLEHKA Ce M3pas3fABa 4ype3 MHAEKC j,
j={1,2,...N},. NpeTerneHute KoedUUNEHTN W; U OLEHKM (e;) cneasa Aa CNOAENAT efHa U
CblLA CKana.

Hail-pobpaTta antepHatmBa wWe 6bae TasuM C BMCOKA CTOMHOCT 3a 06WOTO
npeacTaBaHe Ha anTepHaTMBaTa, M3pa3eHa Ype3 YMHOXKaBaHEe Ha OLLEHKUTE Ha KpuTepuuTe
Ha anTepHaTMBaTa MO CTeneHTa Ha nNpeTerfeHna KoepuUMEeHT Ha M3NbjaHeHuWe 3a
CbOTBETHUA KPUTEPUIA, KAKTO e u3paseHo o (2.1).

3a ga ce HanpaBW Kaacauua Ha naathopmuTe 33 AOMALLHA aBTOMATU3aUMA C
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OTBOpPEH KoZ 3aynpas/ieHune Ha loT, 6elue n3noi3BaHO MHEHWETO Ha KOMMETEHTEH eKkcnepT
(Decision Maker - DM), KoiTo Lie BHeapu nsbpaHaTa nnatdopma. OueHKaTta Ha nsbpaHute
nnatGopmMm No OTHOLIEHME HA OMpeseneHnTe KPpUTEPUM ce U3BBPLIBA NO cKana oT 0 go
100 (100 cboTBeTcTBa Ha Han-aobpoTo npeacTaBsHe M 0 Ha HaM-N0LWOTO), NOCAeABaHO OT
HopmanusMpaHe B gnanasoHa mexay O n 1, KakTo e nokasaHo B Tabaunua 2.1.

MN3bpaHu ca cneaHuTte Kputepun: MHcTanauma; MBKasocT u Ul; ObwHoCTTa Ha
notpebutennte; Temno Ha pas3paboTka; UHTerpauma; NMpotokonu; E3nK 3a nporpammpaHe

ANTepHaTMBUTE MPU B3EMaHe Ha pelleHne 3a M36op ca caegHuTe naatdopmu:
Open HAB; Home Assistant; Domoticz; Calaos; OpenMotics; HomeGenie; PiDome;

Pytomation; OpenRemote

Tabnuua 2.1. Peayntatu 3a oueHKa 3a n3bpaHu nnatdopmu cnpamo onpegeneHu

Kputepum
<

s o
T s8¢l E| g z : g
Ey 557% c 5 s E ) S T
© Ok & E E o k © x [
[ 0 58 8 = c > g o s
g g9 o 9 ] ] 5 ©
¢ |z &g T8 2 g £ 2 g
s |£5F 85 s = s
c c =
Open HAB 1 1 1 0.9 0.9 0.9 0.7
Home Assistant 0.9 0.89 0.78 0.88 0.8 0.9 0.85
Domoticz 0.86 0.87 0.85 0.86 0.87 0.83 0.9
Calaos 0.75 1 0.68 0.7 0.82 0.87 0.9
OpenMotics 0.55 0.6 0.6 0.6 0.6 0.6 0.85
HomeGenie 0.8 1 0.5 0.62 0.6 0.6 0.8
PiDome 0.5 0.5 0.46 0.58 0.62 0.6 0.8
Pytomation 0.53 0.52 0.42 0.53 0.6 0.66 0.85
OpenRemote 0.5 0.8 0.57 0.57 0.6 0.62 0.7

BCMUKM TE€3U OLLEHKM Ca CUTHO CYBEeKTUBHM, 0CO6EHO NO OTHOLEHME Ha e3nLuTe 33
nporpamupaHe. 3a peasMsvpaHe Ha KNacMpaHeTo ¢ nomouita Ha mogena (2.1) — (2.2)
3ae/lHO C oueHKuTe oT Tabauua 2.1 e HeobxoAMMO Aa ce ONpefenaT U npeTerneHuTe
KoebUUMEHTM 3a Ba)KHOCTTa Ha Kputepumute. B Tasum Bpb3Ka eKCnepTbT, OLEHWUA
nnatbopmuiTe 3a [AOMalHa aBTOMaTM3auMA C OTBOpeH Kog 3a loT, u3passsa
NpeanoYnTaHMATa CU 33 YETUMPU PasNNYHM CNyYas, KaTo M3MO0A3Ba Pas/IMYHKM Terna 3a

Ba)XKHOCTTa HA KPUTEPUUTE, KAKTO e NoKasaHo B Tabanua 2.2.
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Tabnnua 2.2. KoedurumeHTN 32 3HAUMMOCT HA KPUTEPUUTE 33 OLLEHKA

= s g e 3 s T

§' E §)§ © E © o §' 5 g §

© G 50 E o I s © X s ™

3 St e g = o & = 2 g o

© 0 58 S e E 3 ] ) 5]

2 29 @ ] 2 g - o

= 2oz © 5 28 = = =

Z o = o2
c
w1 w2 w3 Wy ws We wz

Case-1 0.166 0.167 0.167 0.166 0.167 0.167 0
Case-2 0.10 0.25 0.12 0.12 0.24 0.17 0
Case-3 0.14 0.14 0.14 0.14 0.15 0.14 0.15
Case-4 0.05 0.22 0.10 0.10 0.18 0.15 0.20

Case-1 u Case-2 He pasrnexaaT napameTtbpa "e3uK 3a nporpamupaHe”, gokaTto
Case-3 pasriexaa BCUYKM KPUTEPUM C eHaKBa BaXKHOCT, a B Case-4 KpuUTepuuTe ca B3ETU

C Pa3/INYHO 3Ha4YeHune.

2.2.2. AHanus3 Ha pesynTaTute

MonyyeHnTe pes3ynTaTM 3a KaacMpaHeTo Ha naathopmuTe 3a [OMaLLIHA
ABTOMATU3aLMA C OTBOPEH KOZ, 3a yrnpasieHne Ha |oT ce 0OCHOBABAT Ha BXOAHMUTE AaHHM,
nageHu ot Tabauua 2.1, Tabamnua 2.2 ¢ nomowTa Ha mogena (2.1) — (2.2). KnacupaHute
nnatpopmn cnopesn, Case- 1 u Case-2, KOMTO He OTYMTaT NapameTbpa €3MK 3a

nporpammpaHe, ca nokasaHu Ha dur. 2.1.

I 0,543683298 ‘s
y 3 (&5
(WL
09 0856822449 /
i 08565484
0796388801
02
ol 0668467761
(0 0,603715111
0.6 ‘ k 0531335354 ) =s
0,5000665 0, 538182875
03
OPENHAS HOME ASSISTANT DOMOTICZ CALAOS OPENMOTICS  HOMEGENSE POOME FTOMATION OPENREMOTE

durypa 2.1. CpaBHeHWe mexay KnacupaHute naatdopmu cnopes Case-1 & Case-2

OnpepeneHuTe pe3ynTatv 3a napamerpute Ha OpenHAB BoaAT 40 No-406pOTO My

KnacmpaHe cpeg oCTaHanute I'lI'IaTd)OpMM. Bbrnpekn mankute pasavKuM B KAacupaHeTo,
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3acnyrKaBa Aa ce oTbenexun BINAHUETO HAa U3NON3BAHUTE KOEDULIMEHTU BbPXYBAXKHOCTTA Ha
KputepuuTe. Hanpumep, camo OpenHAB, Home Assistant 1 Domoticz nmaT no-go6pu
pe3ynTaTi, aKo BCMYKM KPUTEPUU Ce pasrexaaT C efHaKBa BaXHOCT, C U3KIOYeHMe Ha
e3unka 3a nporpamupaHe (Case-1) B cpaBHeHue ¢ Case-2, KbAeTO NpeAnoYnTaHUATa KbM
KpUTepMUTEe 3a OLUEHKA WMMAT pPasnuyHo pasnpegeneHne. Mima ase OONbAHUTENHU
CUTYaLMM, KOMTO pasriexaaT BCUYKM KpUTEPUM 3a OLeHKa eaHoBpemeHHO (Case-3 n Case-
4). KnacvpaHnute nnatpopmu crnopen npepnoynTaHuaTa, nspaseHu ot Case-3u Case-4,

KOUTO OTYUTAT NapameTbpa e3UK 3a NnporpamupaHe, ca NOKasaHM Ha dur. 2.2.

0905418201 BCase3
- o WCased
o s QAT
0,354696673
os
0,71072006%
C.HBEM1R29
i 0649753354
?‘SﬁJQUl - 0,61710006
0590624782  0,598521144
06 0573542135 057698469

s

OPENNAS  HOME ASSSTANT DOMOTICZ CALADS OPENMOTICS  ROMEGENIE POOME  PYTOMATION CPENREMOTE

®urypa 2.2. CpaBHeHME MexXAay KnacupaHuTe nnatdopmu cnopen Case-3 n Case-4

ToBa cpaBHeEHME MeXAay NPeAnoYMTAHUATA 33 BaXKHOCTTA Ha KpUTepumUTe Nokasa
ManKa pasivMka B KnacupaHeto. Hanpumep, pesyntatute B Case-3, KbAETO BCUYKM
KpUTepuUM ce cuyMTaT 3a efHAKBO BaXHW, MnokassaTt, ye camo OpenHAB u Home ce
npeacTaBaT no-gobpe, otkonkoTo B Case-4, KbAeTo 3HAYEHMETO Ha KpUTepuuTe npvema
pasnnyHM cToMHoCTU. OBLLOTO CpaBHEHWE MEXKAY BCUYKUTE 4 Cyyas e UAOCTPUPAHO Ha
dur. 2.3.

HesaBucumo Kos nnatdopma e 6bae n3bpaHa 3a JOMALWHA aBTOMaTM3aLums, T4
TpabBa Aae CbBMECTMMA C BeYe MHCTAIMpPaHU CMapT YCTPOKCTBA B Aoma. ToBa ce oTHacA no-
crneunanHo A0 CbBMECTMMOCTTa Ha MPOTOKO/WNTE, KaTo Ce rapaHTMpa cbbupaHeTo M

npenaBaHeTo Ha AadHHW.
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A

HorwGenk Op

Purypa 2.3. CpaBHeHUE MeXAY Pa3NMYHUTE Kaacauum

2.3. Mogen 3a onpeaensaHe Ha KOMNETEHTHOCTU no loT

MpunoxeHneto Ha loT MoXe fa ce Hamepu BbB BCAKA 061aCT OT peaHUA HU KUBOT
M KaTo TaKbB C/NIOXeH Npobsiem e TPpyaHO Aa Ce NOCoYaT BCUYKU TPYAHU YMEHUA, KOUTO
npeanoYnTaHUAT KaHANAAT TPAOBA Aa cpelHe. EamH fob6bp loT cneumanmct Tpabea aa Mma
Nno3HaHMA B 06/1acTTa Ha CEH30pUTe, KOMTO M3MepPBaT U rapaHTMpaT NPEeBPbLLAHETO HA
[aHHWUTE 32 OKONIHaTa cpesa B MaLLMHHO YeTUMM AaHHM. OT 0cobeHo 3HaYeHMe ca 3HaHWATa
B 06/1aCTTa Ha TEXHONOTMUTE 33 MPEHOC HA AAHHM, BKIOUYUTENHO BE3KUYHU MPEXU U
npasuaHun npotokonu (Hofer-Schmitz & Stojanovic, 2020). Te3an npoTokoan Tpabsa aa 6baat
[0CTaTbYyHO CUTYPHM M NO-MasIko KOHCYMALLMA HA eHeprua, 3a 1a Ce OCUrypu HemnpeKkbcHaTa
Bpb3Ka B peasiHO Bpeme Ha npeaasaHuTe aaHHu (Bahashwan et al., 2021). Heobxoammm ca
OOMbAHUTENHN 3HAHWA 3a pa3bupaHe Ha U3BMYaHeTo Ha aaHHK (Naka & Guliashki, 2021),
HAKOM TEXHMKM 3a M3KycTBeH uHTenekT (Jafari et al., 2020) u mogenuTe 3a B3emaHe Ha
peweHun (Borissova, 2021), KouTo ca NpeAnocTaBKa 3a NPaBUAHOTO GYHKLMOHMpPaHe Ha
loT.He Ha nocnegHO MACTO pa3brpaHeTO Ha KOHKPETHOTO NPUIOKEHUE e NPeaMMCTBO 33
CnpaBsHE C HAKOM npegu3BuKaTencTea. BcuMuku Te onpeaensT 3HavyeHWeTo Ha loT
TexHonormaTa B obnactra Ha obpa3oBaHMETO 3a NojobpaBaHe Ha ePeKTUBHOCTTA Ha
npenogasaHeTo 1 yyeHeTo (Ramlowat & Pattanayak, 2019).

3HaYeHNeTo Ha TBBPAUTE W MeEKUTe YMeHuAa onpeaens HeobxoAMmocTTa OT
YCTaHOBABaHE Ha MNOAXOAALL NOAXOL 3a OUEHKAa Ha Hal-nogxoaawms KaHauaat 3a

KOHKpeTHaTa ANbXHOCTHAXapPaKTEPUCTMKA.
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2.3.1. KniouyoBu MHAUKaATOPMU 32 USMepBaHe

3a ga 6bae ycneweH aobpe obpasosaHMAT loT cneunanuct, To TpAabBa ga Bnagee
pa3HOO6pas3HM TEXHOOMMM, CBbP3aHM CbC CEH30pM M 06paboTKa Ha curHanu, codrtyep
(e3num 3a nporpammpaHe), KOMyHUKaLMOHHM NPOTOKOM, U3B/IMYAHE Ha AAaHHM U B3emaHe
Ha peweHua. MpepnoxeHata KOHUeNuua 3a HeobxoaMmaTta KOMMETEeHTHOCT Ha loT

cneumanucTa e UNCTpupaHa Ha dur. 2.4.

Cogryep

3 22
NPOCPasn s
e

Magen 3a
LeMANE Ha
A
AATOPHTMM

Cevacpm w
ofipaborea wa
CHEMA

Kowyinsaumo
R
NDATOROS

Waamwgee wat
Leatban

loT

®urypa 2.4. TBbpAU YMEHUA 1 3HaHMA 3a ycneweH loT cneunanuct

YMEeHUATA, CBBP3aHM CbC CEH30PUTE, BKKOYBAT M KOMMNETEHLMN KaTo 06paboTKa Ha
CUTHanW, aHanW3 Ha [aHHKW, 06paboTKa Ha rosemu AaHHW, BU3yanu3aumMsa Ha OaHHW.
CodTyepHUTE yMmeHUA NpeanonaraT HaIMYMETO Ha Bb3MOXKHOCT 33 MPOrpammpaHe Ha eguH
WAW NOBeYe e3nuM 3a NporpamupaHe Ha CEH30PWU WM 3a BU3yasIM3MpPaHe M aHaNU3 Ha
AaHHUTe oT 0bpaboTKaTa Ha cUrHanw.

Hapep, ¢ Te3n 3aAb/KUTENHU TBBPAN YMEHUA, NPeANOYUTAHUAT CneunanmncT B
obnactTa Ha loT Tpabea Aa MMa M JOMBAHUTENHUTE YMEHMA KATO A06pa KOMyHMKaums,
pabota B eKun, AUAEPCTBO, NpeanpuemMayecTBo, CNOCOOHOCT 3a ynpasieHWe Ha
KOHONIMKTU M CTpec, MOTWUBaLMA, yNpaBNeHWe Ha BPeMeTo, M3rpaxjaHe Ha [oBepue,
B3eMaHe Ha peweHunsa n ap. OcHOBa e pamKaTa, nokasaHa Ha dwur. 2.4, n KaTo ce Mma
npeaBu CNOMeHaTUTe No-rope YMeHus, CiegHnTe TBbpAM U MEKU YMeHUa moraT aa 6baat
onpeaeneHu, KakTo cnesBsa:

1. Tewvpdu ymeHus: ceH3opu, o6paboTKa Ha CUrHANM, M3BAMYAHE HA AAHHM,
CTAaTUCTUKA, aHa/IM3 Ha [AaHHWU, BU3yaaM3aumAa Ha [AaHHWU, TONEMU [OaHHW,
MalWKnNHHO 06y'-IEHVIe, €3UK 3a nporpamupaHe.

2. MeKu ymeHusA: KOMyHUKauma, paboTta B eKun, IM4epcTBo, NpeanpuemayecTso,
ynpasneHue Ha KOHIMKTK, ynpaB/ieHWe Ha CTpeca, MOTUBALLMA, yNpaBAeHUe Ha
BpemeTo, wu3rpaxXgaHe Ha AoBepue, B3emaHe Ha pelweHuA, pellaBaHe Ha
npo6semu,CbTpyAHNYECTBO, 3aAaNTUBHOCT U Ap.

TBbpPAUTE YMEHUA Ca MHOTO MO-NeCHU 3a uaeHTUdMLUMpaHe, T KaTo MmoraT Aa

6bAaT U3MepeHU, JOKaTO MEKUTE YMEHUA Ca CUNHO CybeKTUBHU. Tesn 4Ba BUAA YMeHUA
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MOraT ga Ce pasrnexgaT KaTo KpUTepuu 3a OLeHKa 3a M3MepBaHe Ha HanpeabKa Ha
cneymanuctute no loT M cnocobHOCTTa MM 3a paboTa B eKun.

2.3.2 MHOroKputepuaneH martematMyecku mogen 3a OueHKa Ha 3HaHUA Ha

cneymanuctute B o6nactra Ha loT u cnocobHocTTa 3a paboTa B ekun

3a fa MOXKe A ce OLEHAT 3HAHMATA Ha CneunanncTuTe n cnocobHocTTa Um aa ce
afanTupat KbM paboTata B ekun, e HeobXxoAMMO Aa ce pasrnesart ABe OTAE/NHWU YacTu,
CBbP3aHM C TBbPAMTE U MeKUTe ymeHuA. ToBa MOXKe Aa Ce peannsmpa 4pes npeaorKeHus
mMaTemMaTUYeCKM MoAeN 3a OLEHKA Ha MNOCTUMKeHMATa Ha cneuuanuctute (2.3)-(2.6),

bopmynmnpaH No creaHUs HaumH:

Szperformame = max{a Xi_; whepn + B Y- wsesh,Vi=1,..,N (2.3)
a+ f=1 (1.4)
Yhoiwn =1 (2.5)
Ye_iws =1 (2.6)

Kbaeto i={1,2,..N} npepctaBnaBa 3ajafeHUTE CMEUManucTi, KoeduuMeHTbT a
M3pasnBa 3HAYEHWETO Ha TBbPAMTE YMEHWUs, [OKaTo KoeduumeHTbT [ uK3passsa
cnocobHocTTa 3a paboTta B eKkun (Meku ymeHus), KoeduumeHTUTe Wy U Ws u3passasat
OTHOCMUTE/NIHATa BaXKHOCT MEXAyY KPUTEPUNUTE, CBBP3aHU C TBbPAUTE U MEKUTE YMEHWUS, e
N ejs NPeAcTaBaABaT OLEHKUTE Ha i-TUA CMeumanucT oKono h-ua Kputepuii, CBbp3aH C
TBbPAMTE YMEHUA, U CbOTBETHUA i-TW CMELMANMUCT OKO/IO S-UA KPUTEPUIA, CBBP3aH C MeKuTe
ymeHus. To3uM [AManasoH 3a OUeHKWUTe TpsabBa fJa CbOTBETCTBA Ha 06xBaTa Ha Apyru
NPOMEHAMBU Ha NpeanoxexHua mogen (2.3) — (2.6). MpuemnnsuaT AnanasoH 3a Tesu
pe3yntatm e aa 6bae mexay en M eis Aa MMa CpaBHMMa cKana. M3paswbT (2.4) pasa
Bb3MOXHOCT Aa ce 0b6eguHAT OTAeNeHUTe ABe 4acTW OT OueHKaTa Mo OTHOWeHWe Ha
TBbPAUTE YMEHUA (NPUAO0OUTU 3HAHWA) U MEKUTE ymeHMA (cNocobHOCT 3a paboTa B eknn)
B OKOHYaTenHaTa 0606leHa oueHKa. KakTo moxe Aa ce Buau oT dopmynata (2.3),
KNacMpaHeTo Ha ChneLuanucTuTe ce peanusupa, KaTo ce B3emaT Npeasuz TBbpAuTe U
MEeKUTE YMeHWA U Te3n ABa BUAA KOMMOHEHTU MoraT Aa 6baaT B3eTu Npeasua, ¢ PasinyHo
3HaveHue. Tasn QyHKUMA NO3BO/ABA MOAENbLT Aa 6bAe HanpasBeH MO-rbBKas, 3a 4a ce
B3emart npeasu TBbPAMTE U MEKUTE YMEHUA C Pa3IMYHM NPONopLMM Npu onpeaenaHe Ha
KPalHOTO KOMMMEKCHO KiacuMpaHe Ha chneuuanuctu. lNpeasiioKeHUaT maTemaTUyecku
mozen (2.3) — (2.6) morke Aa 6bAe ONPOCTeH Ypes M3N0A3BAHE HA CTOMHOCT, paBHa Ha Hyna
3a KoeduumeHta S (B=0). B T03n cnyyait mogenst (2.3) — (2.6) Wwe pasyuTa camo Ha
TBbPAUTE YMEeHUA (NpMA06UTM 3HaHMA) HA cneumnanmcTuTe.
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IMABA 3. YUC/IEHO TECTBAHE HA NPEAJTOXKEHUTE MO/E/NN,
NPEANOMEHU 3A PEA/IUSUPAHETO HA YMEH IOM

3.1. UsrpaxkpaHe Ha UHTeNIMreHTHA AOMaLLHa cpeaa

PasrnexpaHuaT npobiem e poKycuMpaH BbpXy KOMOUHWPAHETO Ha NpeguMmMcTBaTa
Ha loT 3a edeKTMBHO ynpaB/ieHWe Ha WHTENUTEeHTHOTO OTOMJ/IEHWEe Ha A0oMa uypes
n3nonssaHe HacopTyepHaTta nnatpopma OpenHAB. 3a aa ce peanmsmpa Takbs Noaxon, e
HeobxoAMMmo fa ce U3Noa3Ba noaxoasAl, xapayep u codtyep.

OCHOBHUTE Npeau3BMKaTesICTBA MPU U3MPAXKLAHETO Ha MHTENUTeHTHA AOMallHa
cpefa 3aBUCAT OT cegHuTe GakTopu:

® C/IOKHOCTTA Ha OMa,

® NoTpebuTenckn npesnoynTaHns, Kakbs 6poi AoMallHU GYHKLMM aa ce B3emaT
npeasua,

® Bb3MOXHOCT 33 6bAELO pa3BUTUE/HAArPaKAAHE HA CUCTEMATA,

® KaKbB TWUM CMapT YCTPOINCTBA Aa ce u3bepe U Kak Aa ce KOMBUHMPAT,

® KaKbB TWN ynpaBaeHue aa ce usbepe.

EAHO OT Bb3MOXKHUTE XapayepHu pelweHua e Raspberry Pi, koiTo e egHoNNaTKOBa,
€BTMHA M BUCOKONPOU3BOAMUTENHA U3UUCAUTENHA TEXHMKA. Cpen codTyepHUTe Naatdopmu
C OTBOPEHKOA 33 AOMALLHA aBToMaTu3aums, 6asmpaHun Ha loT, OpenHAB moxe aa 6bae
nAeanHUAT M36op, KaKTO e NoKa3aHo B pasaen 2.2 Ha TO3M ANCepPTaLMOHEH TpyA.

XapayepHo peweHue 3a e¢deKTMBHO ynpaBneHue Ha loT-6a3upaHoTo

MHTE/NIMITEHTHO OTOMNJIEHNe Ha A0Ma

XapAyepHuUTe KOMMOHEHTH, N3MON3BaHW 3a BHeApABaHe Ha loT, moraTt ga Bapupar
OT MNATKMC HUCKA MOLLHOCT UM eLHONAATKOBM Npouecopu KaTto Arduino Uno (Ahmed et
al., 2021). HanocnegbKk Hai-nonynapHata nnatdopma 3a loT e Raspberry Pi, 3awoTo ToBa
€ MHOro [0CTbMeH MasbK KOMMIOTbP, KOMTO MOXKe Aa BKAOYBA LAN yeb cbpebp (Raju et
al., 2021; OaHes, n ap., 2021).

CuUcTeMHa apXMTEKTypa Ha OTOMNJIEHMETO Ha YMEH A0M

3a fJa ce fafe Bb3MOMKHOCT 3a ynpaB/eHWe Ha eHepruiiHata epeKTUBHOCT B
WUHTENUTEHTEH AOM e HeobxoaAnmOo Aa 6bae B CbCTOAHME Aa KOHTPOAMpPA TemnepaTtypara.
Bb3MOKHO peLleHue 3a ynpaBaeHue Ha eHepruiiHata epekTUBHOCT B YMEH AOM C MOMOLLTA

Ha NoA06HM ceH30pM e NoKasaHo Ha dur. 3.2.
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durypa 3.2 UHTeNnreHTHa AOMaLLHa apXMTEKTYpPa 38 aBTOMATM3aLUMA HAa OTONNEHNETO

MnatdopmaTta OpenHAB e nsbpaHa B pasaen 2.2 cbrnacHo npuaoxeHnte MCDM
TEXHUKMN. DU3NYECKUTE YCTPOMCTBA U KOHTponepu (I0T) Ha MHTeNUreHTHaTa AOMALLHA

cpesa censbupa Hali-seye ot Xiaomi n MAX!.

CodTyepHO pelueHUe 3a aBTOMATU3aLMA HA OTON/IEHNETO Ha YMEH A0M

3a pa ce peasM3npa aBToMaTM3aLMATa Ha OTOMNJIEHMETO B YMeH Aom, Tpabea aa ce
MOHTUPAT UHTEIMTEHTHU TEPMOCTAaTUYHU BEHTUAN 3a pagmatopu. Tesn KnanaHu morat aa
6bOaT CBbP3aHM KbM nogxoaswa codptyepHa nnatopma kKato OpenHAB. EgHo ot
npeavMmcTBata e,ye 6e3 3HaueHWe Kak ce NoBMLIaBa TemnepaTtypaTta (0T npaka cAbHYeBa
CBET/IMHA OT NPO30peLla, eNEeKTPUYECKN HarpeBaTen u T.H.), TEPMOCTAaTUYHUAT BEHTUN ce
3aTBapA aBTOMAaTMYHO MpM [OCTUraHe Ha 3afdageHata Temnepatypa. KoHTponsT Ha
OTOM/NIEHMETO e CaMO YacT OT LANOCTHATa AMrnTasHa TpaHchopmauma Ha JOma, KOATO
BK/IIOYBA YMpaB/ieHWe Ha OCBET/NIEHMEeTO, CUIYPHOCT, NPOTMBOMOXAapHa M 3awmTa oT

HaBOAHEHMA U Ap.

MpaBuna 3a KoHdUrypupaHe Ha codpTyepa 3a OTONIEHUETO HA YMEH A0M

AKO BpemeTo = <onpeaeneHo speme> TOFABA <valves_name
_setpoint_temperature> = <npegnoyntaHa TemnepaTtypa >

Bb3MOXKHO e Aa ce 3a434aT pa3/IMYHN YacoBM 30HM 3a cyTpuH 6:30 — 8:00, aeH 8:00
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—18:00, Beuep 18:00 —21:00, How, 21:00 — 6:00.

CLOSED_OPEN
AKO <sensor_status_open_window> npomeHeHu ot 3ATBOPEH Ha OlEH,

TOTABA npomeHrnusa = <valves_name_setpoint_temperature> &
<valves_name_setpoint_temperature> = MIN

OPEN_CLOSED
AKO <sensor_status_open_window> npomeHeH ot OPEN Ha CLOSED

TOrABA <valves_name_setpoint_temperature> = npomeHa1Ba

3.2 YucneHo cumynmpaHe Ha NpeasioKeHUA NMPOEKT HA UHTE/IMFeHTHO
oTtonseHue uypes copTyep 3a AOMALLHA aBTOMaTM3aUUA C OTBOPEH Kopa
OpenHAB

B TO3M pasgen e onuMcaHO YMUCNEHOTO TeCTBaHe Ha MpepsioXKeHMA moaen 3a
B3emaHe Ha pelleHve 3a u3bop Ha niatpopma MNpu MNpoekTUpaHe Ha AomaluHa loT

aBTOMATU3aLUMA C OTBOPEH KoA, onucaH B pasgen 2.2 Ha [nasa 2.

BxoaHU paHHU
MPUNOMKMMOCTTa Ha ONUCAHUA NOAXO0A, € TECTBaHa 33 anapTaMeHT CbC CTau, YMeTo

pasnpegeneHne n USNON3BaHU CEH30PU Ca NOKA3aHM Ha dur. 3.5.

Aompet e
»PAON

®urypa 3.5 PasnpegeneHve Ha NOMELLEHUA U CEH30PU
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Cb3zasa ce nbaeH 3D mogen ¢ npuiexalluTe BbTPeLHW NpocTpaHcTaa (dur. 3.6)
WU MbAHW UHTEPUOPHM U EeKCTePUOPHM chneunduKaumMm Ha mogena ca 3aAafeHun, KaTto
Hanpumep:

e HacTpoliku 32 MeCTONO/IOKeHNe 1 BbBEXKAAHE Ha AaHHM 33 KAMMaTa,

e [laHHWTe Ha crpafaTa — OCTbKAABaHe, BbHWHW CTEHU, CKaTeH/MNOCHK
MOKPUB, BbHLLEH NOA KbM Bb3Ayx/3ems u ap. JIoKaaHo 3aceH4yBaHe, ako
UMa U T.H.,

e BbBexpgaHe Ha BbTPEWHM [AaHHWM — ecTecTBEHa BeHTUaums,
TemnepaTypHU 3a4adeHu TOUYKM 33 OToMNeHne/oxnaxaaHe, BbTPeLWHU
HaToBapBaHMUA, UHOUATPALUSA,

e Hactpoiika  pBYHO  WMAM  aBTOMATM3MpPaHO  (4pe3  3adagdeHu
TOYKM/CEH30PU, TPUCTENEHHO yNpaB/ieHue 1 ap.).

LndposuaTt 6an3HaK Ha anapTaMeHTa ce M3M0/3Ba 33 CUMY/MpPaHe Ha epekTa Ha

undpoBaTauHOPACTPYKTYpa BbPXY OTONAUTENHUTE TOBAPH.

—pry | S e

2] Yo | Syt | Sty g | S

durypa 3.6. AurutaneH moaen 611M3HaK Ha U3CNeABaHUA eAUHUYEH anapTaMeHT

Pe3syntatu n aHanus
OTONAUTENHUAT TOBap Npeau npuaaraHeto Ha loT 3a undposa TpaHchopmaums Ha
[0Ma B UHTE/IMTEeHTEH AOM e NoKasaH Ha dur. 3.7, nokaTo Pur. 3.68 naoctpmpa TONIMHHUA

TOBap cnepd npunaraHe Ha loT.
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durypa 3.7. OTonauTeneH ToBap Npeam npunaraHe Ha umdposa TpaHchopmaums

Temperatune and Heat Loss
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durypa 3.8. OtonauTtesneH ToBap cies npunaraHe Ha umdposa TpaHchopmaums
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Pa3xoabT Ha eHeprma 1 B ABaTa CNy4v4aA 3a egHOroguleH nepnoa € nokasaH Ha dur. 3.9.

Consumpticn

s a1 &
S

— g e 2 Soer geen = e Megtog betey 0T

. " o
®urypa 3.9. [lHeBHa KOHCYMaLMA Ha TONJIMHHA eHeprua 3a oTonaeHue npegu u cneg,

npuaaraHe Ha undposa TpaHchopmauma (3a 365 aHu)

KakTo ce Habniogasa Ha rpaduKaTa, NMKOBeTe M chnadoBeTe 3ana3saT NoAo06HM
MOZEeNn 3a CTaTUCTMYECKM OCpefHeHa KAMMaTWYHa rofMHa, HO KpMBaTa 3a AUrMTaNHO
TpaHchHOPMMpPaHMA AOM NOKa3Ba ACHO NO-HUCKM AHEBHU HWBA Ha noTpebaeHue. OcBeH TOBa,
BbHLWHMTE M BLTPELIHUTE TEMMNEPATYPU Ha Bb3AyXa, BKIKOUNTENHO NMOBbPXHOCTHUTE NTbUMCTH

TemnepaTtypu, ca NokasaHu Ha dur. 3.10.

Temperatures

ArTemgeran faram Temprwsy —le Semor sy

' . " . PO

®urypa 3.10. CpegHu SHEBHU TemnepaTypu Ha Bb3AyxXa, TbYMCTa M BbHLIHA TemnepaTypa

BCUYKM cumynaumm ce NpaBAT ¢ MomoLLiTa Ha mogenun EnergyPlus. Tps6ea aa ce

otbenexu, ue mogenute EnergyPlus ce ocHoBaBaT Ha OCHOBHW MPWUHLMNW HA TOMJMHHUA
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6anaHC 1 pasumTaT Ha GYHKUMA 33 NPEHOC Ha NPOBOAMMOCT. EAHO BaXHO CbobparkeHune
Ha gurMTanHata TpaHchopmaumsa Ha anapTameHTa e, Ye Hama/IABaHEeTO Ha 3adafdeHuTe
TemnepaTypu Ha OTOMJEHME BOAM A0 YBENMYABAHE Ha BXOZALWMA TOMJIMHEH MOTOK OT
cbcefHMTE anapTaMeHTW. AKO 3afajeHaTa TemnepaTypa Ha OTOM/JeHWe Ce MOHWMKKU U
KOHTPO/IMpa OT AOMAliHAaTa aBTOMATM3aLMA, anapTaMeHTbT 3anoysa Aa '"M3BAnya"
TON/NIMHAOT cbCeamTe Cu U ""cnecTaBaHuATa" ca 3HauuTenHu (BXK. Tabamua 3.1) B cpaBHeHUe

C NpeanHOTO CbCTOAHME Ha anapTaMeHTa.

Tabnvua 3.1. CpaBHeHME MexAay 06LL0TO M NOBBPXHOCTHOTO NOTpebieHne HaoTonaeHNe
npeau v cneg, undposmsaumaTa ¢ nomowTa Ha loT1

OtonneHue npegu (tkWh) OtonneHue cneg (tkWh) Pasnuka, %
06wo 5925.49 2818.64
47.56
KBTU/M? 95.57 45.46

OCHOBHUTE XapaKTEPUCTUKM Ha MNpeaoXKeHaTa cucTema MoraT fda 6baat

0606LeHN KaTo:

e M34yeprnaTeNIHOCT — cuUCTemaTa MOKPMBa  WMPOK Habop  oT
GYHKUMOHANHOCTM; YHMBEPCAJIHOCT — CMCTemMaTa M03BOAABA JIEeCHO
CBbp3BaHe W HACTPOMKA Ha Pas3/IMYHM CMAPT YCTPOMCTBA, pa3paboTeHn
OT PasNIMYHU NPOU3BOAUTENN;

® [bBKaBOCT — /1eCHO 3a HagrpaxaaHe n I'IOFI,OGpFIBaHe.

3.3 YucneHo TecTBaHe Ha nNpensIOKeHUA mogen 3a onpegensaHe

KomneTeHTHocTu no loT 6a3upaH Ha rpynu oT KAOYOBU MHAUKATOPU

3a Aa ce NpoBepu NPUNOKUMOCTTA Ha NPeaJ/IoKeHM MaTemaTuieckn mogen (2.3)
—(2.5), onucaH B pa3gen 2.3 oT [NaBa 2 Ha TO3M AUCepTaLMOHEH TPy, 3a OLEeHsABaHe Ha
3HaHWA Ha CMeumanucTM C Luen MaeHTMdUUMpaHe Ha Hail-obpasoBaHWUTe KaHAMAATU C
Bb3MOXHOCT 3a paboTa B eKkun, Helle NpoBeseH eKCNEPUMEHT C rpyna oT 25 cneuuanmctu.
KnacupaHeTo HaTe3u CrneuManncTi ce M3BbpLUBA C MOMOLLTA Ha 5-Te TBbPAU YMeHus, a
MMEHHO: ceH30pK U 0bpaboTKa Ha curHanu (H-1); codTyep: e3nk 3a nporpamupare (H-2);
KOMYHMKAUMOHHK NpoTokoau (H-3); u3snanyaHe Ha aaHHu (H-4); 5) B3emaHe Ha pelueHus
M cbCTaBaHe Ha anroputmu (H-5); 1 3 MeKM ymeHuAa OTHOCHO; paboTta B ekun (s-1);
MOTUBALMA (s-2); ynpaBieHue Ha BpemeTo (s-3).

YMeHuATa Ha Te3n CneumanmncTv ce cYUTaT 3a KpUTEPUM 33 OLLEHKa B KaacaumaTa.
CbOTBETHUTE OLLEHKM 3a TBbPAMUTE 3HaHWA (eih) n MekuTe ymeHua (ejs), n3paseHun upes
OLLEHKM MO OTHOLUEHWE Ha Te3M yMeHMs, ca NokasaHu B Tabauua 3.2.

Asmopeghepamu na ducepmavuu 2023(10) 34-63



57 Buxmop anes

Tabnanua 3.2. OueHKa Ha CNeunanncT € KbM TEXHUTE YMEeHUS

# TsbpAK yMmeHuaA Mekun ymeHusa

H-1 H-2 H-3 H-4 H-5 C-1 C-2 C-3
1 0.94 0.78 0.81 0.94 0.86 0.78 0.98 0.91
2 0.95 0.91 0.79 0.87 0.88 0.92 0.75 0.81
3 0.88 0.96 0.79 0.83 0.89 0.95 0.77 0.92
4 0.87 0.93 0.8 0.82 0.89 0.9 0.85 0.81
5 0.91 0.87 0.79 0.86 0.81 0.82 0.92 0.79
6 0.89 0.93 0.78 0.86 0.79 0.89 0.85 0.77
7 0.90 0.93 0.72 0.81 0.79 0.88 0.94 0.86
8 0.80 0.97 0.82 0.78 0.9 0.82 0.9 0.79
9 0.86 0.94 0.86 0.86 0.8 0.79 0.85 0.82
10 0.88 0.87 0.86 0.88 0.76 0.88 0.83 0.8
11 0.89 0.85 0.81 0.89 0.72 0.95 0.86 0.85
12 0.90 0.82 0.78 0.81 0.87 0.88 0.92 0.9
13 0.81 0.86 0.8 0.79 0.88 0.85 0.81 0.92
14 0.79 0.86 0.77 0.83 0.84 0.84 0.88 0.91
15 0.79 0.91 0.87 0.85 0.86 0.93 0.79 0.8
16 0.80 0.78 0.91 0.77 0.86 0.9 0.84 0.86
17 0.87 0.85 0.87 0.84 0.81 0.88 0.91 0.77
18 0.78 0.77 0.95 0.79 0.88 0.81 0.88 0.92
19 0.76 0.80 0.89 0.83 0.86 0.93 0.98 0.86
20 0.79 0.86 0.9 0.8 0.86 0.87 0.91 0.79
21 0.86 0.97 0.8 0.86 0.81 0.88 0.89 0.93
22 0.88 0.92 0.86 0.86 0.78 0.95 0.9 0.82
23 0.89 0.96 0.88 0.81 0.80 0.92 0.81 0.9
24 0.89 0.92 0.89 0.78 0.80 0.91 0.72 0.87
25 0.90 0.87 0.86 0.83 0.77 0.81 0.92 0.88

Hapep, c oueHKuTe 3a TBbpAMUTE 3HaHUA (eih) n mekute ymeHus (eis), e HeobxogMmo
2 ce onpeaeny 1 BaXXHOCTTa MeXay TAX Ypes3 KoedpuuneHTuTe (a) u (B), KaKTo 1 cTOMHOCTTA
3a KoeduumeHTuTe wh n ws. TpM pasanyHK Caydas ca UaeHTUOULMPaAHU U NOKa3aHU B
Tabnuua 3.3.

Tabnuua 3.3. KoeduumeHTH 3a TBbPAY U MEKU YMEHWUA U TAXHOTO pasnpegeneHve mexay

KpuUtepuute
Cnyuyair-1 Cnyuyaii-2 Cnyuyaii-3
TBbpAKN ymeHua a=0.5 a=0.65 a=0.65
H-1 0.2 0.2 0.22
H-2 0.2 0.2 0.2
H-3 0.2 0.2 0.22
H-4 0.2 0.2 0.18
H-5 0.2 0.2 0.18
MeKu ymeHus p =0.5 B =0.35 p =0.35
C-1 0.33 0.33 0.38
C-2 0.33 0.33 0.20
Cc-3 0.34 0.34 0.42
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I'IonyquwTe pPe3ynTaTtun 3a KnaCupaHuTe cneumanmctu Bb3 OCHOBA Ha AaHHUTE OT

Cnyyait-1ca Bu3yanunsmpanu Ha dur. 3.11.

%
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durypa 3.11. KnacupaHe Ha cneuManncTuTe no BaxHOCT Ha Kputepuute ot Cayyan-1
AKO cTpaTernaTa ce NPOMEHU U ce M3N0A3BaT NPeAnoYNTAHUATA, NPeaCcTaBeHN B

Cnyyaii-2, ToraBa KnacMpaHeTo Ha cneumanuctute Nnpuaobrea pasamyeH obaMK, KakTo e
nokasaHo Ha dur. 3.12.

: 5 £ F 8 T by
3 4 % 6 7 B 9 1011121313 1 24 2%

durypa 3.12. KnacupaHe Ha cnewumanmcTuTe No BaXKHOCT Ha KputepumuTe oT Cayyaii-2

i 3
1c

1 4 1% » 17 18 19 20 2% 22 2

KoraTo ce n3nonseat npeanoyYnTaHMATa, U3paseHmn Ypes CLeHapua Ha cayyai 3, ce
nonyyaBa CNeAHOTO KAaCcMpaHe Ha CTyAEeHTUTE, KaKTO € NoKa3aHo Ha dur. 3.13. B Tasm
Knacauua nbpsuTe Ha-gobpu 3 CTYAEHTM B KnacauuATa ca cnegHute: cTyaeHT # 3 ¢
pesyntat 0,88034, cneggaH ot ctyaeHT #23 ¢ pesyntat 0,87764, n ctyaeHT #21 c pesyntat
0,87492.
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durypa 3.13.KnacupaHe Ha cneLmanmcTuTe No BaXKHOCT Ha Kputepuute ot Cayyain-3.

CpaBHEHMETO MEXAY KNacauMuTe Ha Te3n CNeumnanmcTm e nokasaHo Ha dur. 3.14.

—8—Case-1 ——(Case-2 —@—Case-3

0.87

0.86

®urypa 3.14.CpaBHeHMe Ha KNacupaHeTo Ha cneumnanncTutTe

B 3aBMCMMOCT OT LieNTa Ha KJacMPaHEeTO e Bb3MOXKHO Aa ce Hanpasu Noaxoasaly,
CMWCBHK 3a CMEeLManncTi ¢ noseye CnocobHOCTU 3a TBbPAM YMEHMUS, NOAXOAALL CMUCHK 33
CMeunanmncTuTe C Mekn yMeHUa Uan HAKakea KoOMEMHaLMA OT TBbPAKU U MEKU ymeHus. Tesun
CMMCbUM MoOraT Aa Ce M3MOA3BaT, 33 Aa Ce Npenopbya Ha KOHKPETHW crneumanuctv ga
HamepAT noaxoaawa paboTa, cnopes TAXHOTO HMBO Ha 3HAHWUA W aganTauna Kbm paboTa B
ekun. KaTo ce umart npeasug npobaemute Ha loT, UMa HAKOM AeMHOCTU 6e3 U3MCKBaHe 3a
paboTa B €KMN KaTo NPOrpammpaHe Ha CEH30PU WU 4PYIU UHTENIMTEHTHM YCTPOACTBA KaTo

usano.
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3.4 U3ssoau

B Tasu rnaea ca onucaHu pesyntaTuTe OT NPOBEAEHUTE YNCTIEHN EKCNIEPUMEHTH C
NpeanoXeHns Mofen 3a KaacupaHe Ha codTyepHu nnatbopmy 33  AOMallHa
aBTOMAaTM3aLMAC OTBOPEH KOA U MOZeN 33 onpeaensHe KOMMNeTeHTHOCTH no 10T, 6asupaH
Ha rpynu OT K/OYOBM MHAMKATOPW, KAKTO M pe3yntaTM OT MpoBeAeHUTe CMMyAauuu U
peasiHN eKCNepuMeHTU OT MPOEKTUPAHOTO MHTENUFEHTHO OTOMNEHME B YMHa Kblua,
cucTemaTU3MpaHn KaTo:

e YucneHo cumynmpaHe Ha NpegnoXeHUA MNPOEKT Ha MHTEeNUreHTHO

oTonneHune ypes codpTyep 3a AOMallHA aBTOMATU3aLMA C OTBOPEH KOZ,
OpenHAB,
® YMCNEeHO TecTBaHe Ha NpeaJsioXeHWA MOAen 3a onpejenaHe
KomneTeHTHOCTU no loT 6a3mpaH Ha rpynu oT KNYOBU UHAUKATOPU.
OnucaHWAT noaxop peanusupa codptyepHa nnat¢opma C OTBOPEH KoA KaTo

OpenHAB ¢ eBTMH M BUCOKONPOU3BOAMTENEH U3UMCAUTENEH Xapayep KaTo Raspberry Pi.
MonyyeHWTe pe3ynTaT NOKa3BaT 3HAYMTENHO HamaABaHe HA 0BLWOTO M NOBBPXHOCTHOTO
notpebaeHneHa OTONeHWe cnes AUruTaansauma ¢ usnon3saHe Ha loT, KOeTo Bb3/IM3a Ha
47%.

Ypes naeHTMonUmMpaHnTe KAUYoBM MHANKATOPK 32 U3MepBaHe Ha NPeaCcTaBAHETO
Ha cneumanuctute B |oT M TAXHATA CNOCOBHOCT 3a paboTa B eKun BbB GopmyanpaHua
MHTErpupaH mofen 3a U3MepBaHe Ha MpPeACcTaBAHETO Ha ChneuvanucTuTe e nokasaHa
npakTU4YecKkaTa NPUIOKMMOCT Ha NPeANOXEeHNA MOAEN 3a KNacMpaHe Ha cneumaanctuTe.
MpeaMmcTBO Ha npegnoXeHua Mnoaxond 3a MoJesMpaHe e Bb3MOXHOCTTa Ja ce

pasrnexxaatresbpan U MeKU YMEHUA C Pa3IMYHO 3Ha4YeHne.

OCHOBHM eTanu Npu U3rpa*KAaHETo Ha YMEH J0M
B pe3ynTat Ha NnpoBefeHuUTE U3CaeABaHUA, ONUCAHW B HACTOALLMA ANCEPTALUOHEH
TPy4 morat aa ce popmyamnpaT YeTMpU OCHOBHM eTana/3agauv, Npu peaausupaHeTo Ha loT

NPUIOXKEHMUA, KAKTO € NOKasaHo Ha dur. 3.15.

duanvecKa
witiop Ha uHbpos moaen 3
naaThopma 33 Bananax onpeasnane wa PERANITUMA W

NOAXOAALLM CPasHHTENEN

gfdsdisou iy (Mogen) ENEUHANMCTH anama

®urypa 3.15. OcCHOBHM 3a4a4M CBBbP3aHMU C peanm3mpaHeTo Ha loT npunoxkeHus

1)U36opa Ha codTyepHa nnatdopma — TOBa € MbpBaTa OCHOBHA 3ajaya e

onpegensHe Ha KOHKpeTHa codTyepHa NaaTopma, KOATO A3 Ce U3MN0/I3Ba 3a CbOTBETHATA
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aBTOMaTM3MpaHa cucTema. ToBa € BaXKeH eTar, Tbil KaTo OT M3bopa Lie ce onpeaenar u
KOHKpEeTHMTE GpYHKLMOHANHOCTU M NOAXOAALMA XapAyep 3a peanvsaums.

2)Mogen Ha undpos 61m3HaK. Ha To3m eTan e Heobxoaumo aa 6bae usrpageH Ha
MoZen Ha undpoBs 61M3HAK, KOWTO fa ce U3M0A3Ba 33 CUMY/IMPAHE Ha KenaHaTa LoMallHa
asTomaTusauma. Ha 6asa Ha MpoBeAgHUTE CUMyNaLuUM MOXKe Aa Ce YCTaHOBM Aanu
CMMy/IMpaHaTa CMCTema 3a AOMallHa aBToMaTtmsauma 6 umana TbpceHaTa epeKTUBHOCT
WUAM He. B cayyail Ha NONOMKMTENHO CTaHOBMWLLE € HeobXxoaMmo Aa ce peanusmpat u
CbOTBETHUTE COPTYEPHU U XapayepHU peLLeHus.

3)OnpepensHe Ha NOAXOAAWM cneLManmucTi. Ha To3mn TpeTn eTan e HeobXxo4Mmo
Ja ce onpeaenaT HEOBXOAUMUTE CNELMANUCTU C NOAXOAAWNUTE YMEHUA, cnocobHu aa
peanusnpaT cumynmpaHaTa cMcTema 3a oMallHa aBTOMaTU3aLms.

4)MpaKTMyecka peanusauma. Ha To3M eTan BCMYKO Beye e OnpeneneHo u e

HeO6XOAMMO Camo aa 6'b,CI|e peannsnpaTt CbOTBETHNA NPOEKT OT onpefeneHnAa KONeKTUB.

3AKNTIOYEHUE — PESFOME HA NONYYEHUTE PE3Y/ITATU

MHTepHEeT Ha HewaTa Ce OCHOBaBa Ha M3MO/3BAHETO Ha Pas/IMYHM CEH30pW,
MHOTOM/1IACTOBA apXUTEKTYPa M HAabop OT KOMYHUKALMOHHM MPOTOKO/IM, KOMTO BapMpart B
3aBMCMMOCT OT creumMduKaTa Ha cucTemarta. YMHMAT JOM € efHa OT Hal-TUNu4HUTe
Bb3MOXHOCTU 33 peanusauma Ha KOHUenumaTa 3a MHTepHeT Ha HelwaTa. ToBa e 6bp30
pa3BMBaLLO HanpaBAeHMe, KOETO Cb3AaBa NPeANOCTaBKM 3a NosuLeH KomoopT, ya06cTeo,
CUrypHOCT M 3abasneHune. CobliectByBaT obaye WM NpPeAM3BMKATEsICTBA, CBbP3aHU C
WNHTE/INFEHTHUTE OMOBE, KaTo LleHa, CbBMECTUMOCT W MOBEPUTENHOCT, KOMTO Tpabea 4a
6baaT pasrnefaHu, 3a Aa ce rapaHTMpa,ye yMHWUTE JOMOBE ce NpvemaT U U3Non3Bat no
OTrOBOPEH U YCTOWYMB HAYMH.

Undposusaumata Ha TEXHONOTMMTE CTaBa BCE MO-KPUTMYHA 338 MKOHOMMYECKMSA
nporpec. ToBa Hanara 4a ce akTyannMsnpaT MHOMO OT YHUBEPCUTETCKUTE AUCUMMMHMK, 33 43
OTroBapAT Ha HY}KAMTE Ha TaKMBa CMeuManncTi, cnocobHun aa paspabortsaT M NoaabpKaTt
ycTpoiictBa Ha loT. MopaZuM TOBa, B HACTOALMA AMCEPTALMOHEH TPYA ca MpessioXKeHu
OCHOBHM pelueHuns B obnactTa Ha loT, cBbp3aHu ¢ 1) nsbopa Ha nnatdopma 3a AOMaLlHA
asTomatusaums; 2) mogen Ha uuopoB 6AM3HAK 33 LEAUTe Ha CUMyaupaHe Ha
npeanoxKeHute codTyepHU 1 XapayepHU peLleHmns, KakTo 1 3) mogen 3a onpeaensiHe Ha
NoAXOAALM CNELMannNCTK, 3a peannsmpaHe Ha NpoekTu B obnactra Ha loT.

M360pbT Ha N1aTdopma 3a oMaLLHA aBTOMATM3aLMA € OT PeLLaBalllo 3HaYeHue, Tbi
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KaToO OTHeA 3aBWCK KaKBW PYHKUMOHANHOCTM OT codTyepHa rnegHa TOYKa Le moraT Aa
6baat peanmsupaHn. OT To3n M360p CbLWO Taka M 3aBMCM M KaKbB Xapayep uie e
Heob6xo4aMM 3a peanu3npaHe Ha KOHKpeTHaTa AOMallHa aBTOMaTM3auMsa M B YaCTHOCT
aBTOMaTM3aLMA Ha oTonaeHWeTo. KaTo f0Ka3aTencTBo 3a epeKTMBHOCTTA Ha codTyepHaTa
cucTemaTa M npuaexkalma xapayep 3a AOMallHa aBToMaTtMsauma e peaansupaHeTo Ha
uMobpoB 6AM3HAK, KOWTO C AOCTaTbYHO A06pPO NpPUBAMMKEHME Aa CMMyAMpA peanHaTta
cuTyaumsa. NMopaZm TOBa U B HACTOALLMA AMCEPTALMOHEH TPYA, KaTo CneABalla CTbMKa cneg,
n3bopa Ha codTyepHa nnatdopma e peannsmpaH UMdpoB H6AM3HAK 33 NPOBEXAAHE Ha
nscneggaHuata. OTYMTalKM HEOBXOAMMUTE 3HAHMA U YMEHMA 3a peasvM3npaHeTo Ha
[AOMallHa aBTOMaTM3auus, 6asmpaHa Ha M3non3BaHe Ha loT M B YaCTHOCT aBTOMATU3aLMsA Ha
OTOM/IEHWETO Ha YMEH [I0M, € MPeAJ/IoKEH MOAEN 33 OLEHKA Ha K/IYOBU MHAMKATOPK 33
M3MepBaHe Ha 3HAHMATA U YMeHuATa 3a paboTa B eKun. Bb3 OCHOBA Ha MpeasioxKeHuTe
K/JIOUYOBM MOKasaTe/IM € Bb3MOXKHO [a Ce ONnpeaenaT MOAXOAALMTe CheuMannctu 3a
peanu3npaHe Ha KOHKPETHUTE 3a4a4M 33 PEaN3MPaAHETO Ha KOHKPETEH MPOEKT, CBbp3aH
cloT.

MpoBeAeHUTE YNCNEHN EKCNEPUMEHTU Ha NPELIOKEHUTE MOAENU U aNrOPUTMK,
BK/IIOUMTENHO U MPeasioKeHna mogen Ha umopos 67M3HAK ca peanusmpaHy Kato ca
M3MN03BaHM peanHu AaHHK, Ypes KOETO Ce A0Ka3Ba M TAXHATA NPaKTUYECKa NPUAOKMMOCT.
MonyyeHWTe pesynTaTv, ONMCaHU B ANCEPTALMOHHUA TPYA, Ca OTPa3eHM B 06110 5 HayyHM
ny6AnKaLumm, KaTo 4 oT TAX ca B U3aaHus, pedbepupaHi U MHAEKCMpPaHW B CBETOBHOW3BECTHMU

6a3u gaHHM ¢ Hay4yHa uHoopmaums — Web of Science mn Scopus.
HACOKMU 3A BbAELLUN U3CNNEABAHUA

OTYMTalKM NOCTUrHATUTE pe3ynTaTtn B HaCToAWMA ANCEPTAUNUOHEH TPy, MoraT Aa
ce noco4at U HAKOW HACOKM 3a 6bp,eu.w| ni3cnegBaHuAa um I'IO,EI,O6peHVIF|, CBbP3aHN CbC
cnegHUTeHanpasaeHna:

L MHTerMpaHe Ha MalWWHHO o6yL|eHv1e N U3KYCTBEH UHTENEKT

e BsemaHe Ha peweHnAa B peasiHO Bpeme

e BsemaHe Ha pelueHus, C'bO6pa3eHI/I C KOHTEKCTa

e MHorokputepmnasHa onTMmmsauma

L I'Iop,06pEHa BU3yanunsauymAa n nognomaraHe Ha B3eMaHeTO Ha peweHnAa

e PasrnexpgaHe Ha couMaNHUTE U €KONIOTUYHUTE Bb3,ﬂ,ei;|CTBVIH

e [lepcoHanusaums, opueHTUpaHa Kbm noTpebutens
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