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Abstract

This dissertation examines the sustainable renovation of a built environment. The
object of the dissertation research is the process of creating an analytical recom-
mendation method with a knowledge-based decision support system integrated
with a multi-layer artificial neural network, proposing an approach that provides
obtained data from the architectural environment for making decisions and ana-
lysing all life cycles of it. The dissertation includes an introduction, three chapters,
a research generalisation, a literature summary and the author’s publications on
the dissertation topic.

The introduction discusses the research issues, the importance of the disser-
tation, the object of research, scientific novelty and research methodology. The
introduction ends with a presentation of the author’s publications on the disserta-
tion topic and the description of the dissertation structure.

The First Chapter gives a review of the literature on the sustainable built en-
vironment covering the period between 2015 and 2021, analyses methods of sus-
tainability certification systems (e.g., BREEAM, LEED) and their inclusion in
research related to sustainable valuation, and widespread use in the construction
industry, provides existing methods of sustainability assessment for more holistic
perspective in the assessment following the recommendations for performing the
sustainable renovation.

The Second Chapter introduced a knowledge-based decision support system
integrated with a multilayer artificial neural network for urbanisation in city con-
struction. The chapter presents a method of a multivariant design and multiple
criteria analysis of a building’s renovation (on the example of the building recon-
struction in Kyiv, Ukraine). Multiple criteria analyses in the selected location were
made to determine the emotional and rational market segments by demographic
criteria (males and females), psychographics and consumer behaviour criteria
(e.g., happy, sad, angry, surprise and heart rate variability).

The Third Chapter covers how to measure the segmentation of crowd com-
position effects (by age and gender) and emotional and physiological indicators
of potential buyers. This allows offering stakeholders rational, environmentally
friendly and energy-efficient building alternatives. To achieve this goal, the de-
veloped multi-criteria analysis of neuromarketing and video advertising was used
to create the required conditions. More than 200 million multisensory pieces of
data were analysed. This experiment was performed on the example of energy-
efficient buildings to demonstrate the developed method. The results presented in
this chapter are confirmed by the results of worldwide research.

The research highlights were discussed at 5 scientific conferences; the key
research study was presented in 3 research papers.



Reziumeé

Disertacijoje nagrinéjama tvari uzstatytos aplinkos renovacija. Disertacijos tyrimo
objektas — sukurtas analitinis-rekomendacinis metodas ir Ziniomis pagrjsta spren-
dimy paramos sistema, integruojant daugiasluoksnj dirbtinj neuroninj tinklg, su-
darant galimybe panaudoti i§ uzstatytos aplinkos gaunamus duomenis sprendimy
priémimo procese ir analizuojant visa uzstatytos aplinkos gyvavimo ciklg bei
veiksnius, tokius kaip tarSa, ekonominé aplinka, emocin¢ ir fiziologiné biisenos.
Disertacijg sudaro jzanga, trys skyriai, mokslinio tyrimo apibendrinimas, literatii-
ros santrauka ir autoriaus publikacijy disertacijos tema sgrasas.

IZzangoje aptariamos mokslinio tyrimo problemos, disertacijos tematikos
svarba ir tyrimo objektas, apraSomi darbo uzdaviniai ir tikslas, mokslinis nauju-
mas ir mokslinio tyrimo metodologija. [zangos pabaigoje pateikiamas disertacijos
tema publikuotas straipsniy sarasas ir disertacijos struktiiros apra§ymas.

Pirmajame skyriuje atlikta literatiiros analizé tvarios uZstatytos aplinkos
tema, apimanti 2015-2021 mety laikotarpj, analizuojami tvarumo sertifikavimo
sistemy metodai (pvz., BREEAM, LEED) ir jy mokslinis aspektas, atsizvelgiant i
tvarumo vertinimg bei platy naudojima statybos pramonéje, pabréziama biisto
svarbg sveikatai ir saugumui, pateikiami esami tvarumo vertinimo metodai, sie-
kiant atlikti holistinj vertinimg pagal tvarios renovacijos rekomendacijas.

Antrajame skyriuje pristatoma Ziniomis pagrjsta sprendimy paramos sistema,
skirta miesto urbanizacijai ir sprendimy priémimui, integruojant daugiasluoksnj
dirbtinj neuroninj tinkla. Siame skyriuje aprasomas pastato renovavimo daugia-
variancio projektavimo ir daugiakriterés analizés metodas (analizuojant pastato
Kijive, Ukrainoje, rekonstrukcijos pavyzdj). Atlikta pasirinktos vietos daugiakri-
teré¢ analize, skirta emociniam ir racionaliam rinkos segmentui nustatyti pagal de-
mografinius (vyrai ir moterys), psichografinius ir vartotojy elgesio kriterijus (pvz.,
laimingumas, liidnumas, piktumas, nuostaba ir pulso daznio kintamumas).

Treciajame skyriuje nagrinéjamas minios sandaros poveikio vertinimas pagal
segmentacijg (pagal amziaus ir lyties), emocinius ir fiziologinius galimy pirkéjy
rodiklius. Tai leidZia suinteresuotosioms Salims pasiiilyti racionalias, aplinkai ne-
kenkianciy ir efektyviai energijg vartojanciy pastaty alternatyvas. Atlikta atvejo
analizé, kurios objektas — energiskai naudingas pastatas. Siai atvejo analizei
spresti taikomas sukurtas daugiakriteris neurorinkodaros ir vaizdo jrasy reklamos
analizé metodas. Atvejo analizés metu buvo iSanalizuota daugiau kaip 200 mln.
pojiciy duomeny. Siame skyriuje pateikiami rezultatai patvirtinami pasauliniais
moksliniy tyrimy rezultatais.

Esminiai mokslinio tyrimo rezultatai buvo aparti penkiose mokslinése kon-
ferencijose ir publikuoti trijuose moksliniuose straipsniuose.
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Notations

Symbols

E — weight of the comparative standard value;

e — repaying time of project;

fi — monetary evaluation of a measuring unit of the i-th criterion;

g — number of quantitative criteria;

n — number of the alternatives compared;

P; — total monetary expression of every quantitative criterion;

pi— initial weight of the i-th criterion;

Qj — relative significance of each project;

i — final weights of quantitative criteria;

0. — weight of the z-th quantitative criterion;

Sj — sum of values;

S+ —sums of weighted normalised indexes (sums of “‘pluses’” Sij and ‘‘minuses’” S.j);
t — number of quantitative criteria;

V- total sum of quantitative criteria;

xij — value of the i-th criterion in the j-th alternative;

zj (+;-) — indicates that a greater (less) criterion value corresponds to greater importance

for a client.
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Abbreviations

AEE — Automatic Emotion Recognition;

Al — artificial intelligence;

ANN — Artificial Neural Network;

ANS — autonomous nervous system;

AR —augmented reality;

AUs — Action Units;

BEST — Affect-Based Built Environment Video Analytics;

BMI — body mass index;

BREEAM - Building Research Environmental Assessment Method,;

CASBEE — Comprehensive Assessment System for Built Environment Efficiency;
CO — Carbon Monoxide;

COPRAS — Complex proportional assessment method;

DBN - State building codes (ukr. Jepoicasni 6ydisenvni nopmu);

DGNB - German certification for sustainable buildings (germ. Deutsche Gesellschaft fiir
Nachhaltiges Bauen);

DMM — Domain Mapping Matrices;

DSS — Decision Support Systems;

ECG - electrocardiogram;

ES — Expert System;

GPRS — general packet radio service;

HR — Heart Rate;

HRYV — Heart Rate Variability;

IBI — inter-beat interval,

ICT infrastructure — information and communications technology infrastructure;
IDSS — Intelligent Decision Support Systems;

INVAR — Investment Value Assessments along with Recommendation Provisions;
KDD - Knowledge Discovery in Databases;

LCC - Life Cycle Cost;

LEED - Leadership in Energy and Environmental Design;

MCDM — Multiple-criteria decision-making;

NO,— Nitrogen Dioxide;

PMas, PMyo — particulate matter;

RSs — Recommender systems;

UMTS — universal mobile telecommunications system;

WLAN — wireless local area network.
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Introduction

Problem Formulation

Sustainable renovation processes are more complicated and unsettled in terms of
planning, execution and decision-making than the process of new building con-
struction. The main idea is to realize the ongoing updated decision-making pro-
cesses and make suggestions on how they can enhance.

Various research (e.g., Mouratidis, 2019; Nishant et al., 2020) suggest that a
city’s environment, such as public areas, buildings, land use mix, traffic flow and
quality environment play a major role in the emotions of customers. Several re-
searchers have analyzed human emotions, where subjective research by Roberts
etal., (2019), Bower et al., (2019) at the same time, objective studies were estab-
lished by Park et al., (2019), Labib et al., (2020). Numerous authors (e.g., Labib
et al., 2020; Birenboim et al., 2019) have considered ways to make the physiolog-
ical sense a core part of urban planning. But there is no analytical-recommended
method of integration for sustainable renovation of a built environment, which
would comprehensively analyze all life cycles of it and their factors. To overcome
the gap in the existing literature will be proposed a framework for influencing the
urban built environment on people's emotions and analysis of the connection
between emotions and cognition that can provide a new perspective for the study
of urban public emotions.
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Relevance of the Dissertation

In urban design, emotion recognition and monitoring can play an important role,
as the psychological impact of architectural decisions can have both negative and
positive consequences. These new approaches may take into account the concepts
of the smart city. The transition from “digital cities” to “smart cities” can be easily
traced, as can the potential for spatial and urban planning (Cinar Umdu & Ala-
kavuk, 2020). The ability to collect data in real-time and generate information
about spatial processes opens new opportunities in the analysis of cities. The pre-
sented methodology can assist engineers and architects in the pre-construction de-
cision-making process, helping them select options that could maximize the level
of emotions they want to evoke in stakeholders.

Research Object

The object of the dissertation research is the process of creating an analytical-
recommended method with a knowledge-based decision support system
integrated with a multi-layer artificial neural network, proposing an approach that
provides obtained data for making decisions and analyzing all life cycles of it.

Aim of the Dissertation

To develop the intelligent decision support system for the sustainable renovation
of a built environment by applying a framework, set of steps and methods for the
collection, measurement and analysis of data on physiological and emotional
state, economic and social criteria in a human-centred built environment.

Objectives of the Dissertation

To achieve the goal of the work, the following tasks are solved at work:

1. To conduct an analytical survey of the most recent scientific research re-
lated to the dissertation.

2. To form rational solutions for the stability of the building at the stage of
renovation, create a multicriteria analysis of building reconstruction
based on the COPRAS method and use FaceReader software and practi-
cal use in a real project (case of study, Kyiv, Ukraine).

3. To perform a map of the physiological and emotional state of people
based on the proposed neuro-decision matrix.
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4. To integrate the affective attitudes of customers and their emotional and
physiological state with the help of a decision-making neuromatrix (case
of study, Vilnius, Lithuania).

5. To apply multi-criteria analysis of video advertising and neuromarketing
to different consumer segments in the construction industry using neuro-
decision tables. And investigate the levels of psychological comfort of
end-users.

6. To reveal the benefits of integrating decision support systems, fuzzy sys-
tems and artificial neural networks in modeling rational solutions for sus-
tainable buildings.

Research Methodology

Multi-criteria decision-making (MCDM) means that the crowd makes completely
rational decisions. (Oses etal., 2018). In MCDM, decisions are usually made
without the influence of the emotional state. Subjective research of human emo-
tions in urban contexts has been conducted using qualitative methods i.e., self-
reports, and interviews to record people's subjective experiences and explore their
emotions.

Obijective research of human emotions involved the use of biometric systems
and methods such as heart rate variability, body temperature etc. (e.g., Kalantari,
2019; Ergan et al., 2019). More than 200 million data on physiological and emo-
tional states and air and noise pollution were recorded and analysed.

A multi-criteria analysis of the built environment should be prepared using
neuro-decision tables and values (e.g., investments, economic aspects, etc.). Thus,
the scientific problem expands and deepens compared to previous studies. The
research method will promote the development of monitoring human emotions in
analyzing the influence of various design parameters on the emotional reactions
of stakeholders. This project involves the development of a new set of methods
using biostatistical and sensory technologies. The main idea is to integrate virtual
space using sensor networks and technologies into the physical world. The results
can be used as a modernized type of DSS and can provide a new perspective on
current planning processes.

Scientific Novelty of the Dissertation

During the preparation of the dissertation, the following new results were obtained
for the science of sustainable renovation of a built environment:
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1. A system of recommendations and big data analysis were integrated into
the provided research.

2. Multicriteria analysis and decision-making systems, biometric methods
and systems are integrated into the process of intelligent and efficient
building renovation.

3. A multi-criteria methodology for sustainable renovation of a built envi-
ronment has been proposed and applied in practice.

4. The presented system has a decision support system integrated with a
multilayer artificial neural network for urban development.

Practical Value of the Research Findings

The proposed approach and the developed decision support system also can be
applied in the different fields of civil engineering, (e.g., construction, environmen-
tal, structural, transportation and water resources engineering etc.). The presented
methodology can be practically used in two main contexts: scientific and com-
mercial. At the same time, this methodology can assist engineers and architects in
the decision-making process of designing a building environment before construc-
tion begins, and the implementation of proposed findings leverages significant
gains over traditional construction techniques.

Defended Statements

The following statements based on the results of the current dissertation can serve
as official hypotheses to be defended:

1. Sustainable development should be understood as the integration of en-
vironmental, social and economic indicators, and as the holistic creation
of a safe, healthy and green built environment.

2. The developed system and recommendations for multi-criteria evaluation
solutions for green and energy efficient buildings allow for determining
the health class of buildings and assessing the risks in housing.

3. The developed recommendation system is an effective tool for risk man-
agement that allows homeowners, residents and other interested parties
to evaluate emerging threats and reduce the possibility of them.

4. Developed method and system for sustainable renovation of a built envi-
ronment enable stakeholders to solve housing issues more accurately,
quickly and efficiently.
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Approval of the Research Findings

The most important research results have been published in two scientific publi-

cations:

Kaklauskas, A., Zavadskas, E. K., Seniut, M., ... & Velykorusova, A.
(2019). An affect-based built environment video analytics. Automation
in Construction, 106, 102888.

Kaklauskas, A., Ubarte, |., Kalibatas, D., Lill, 1., Velykorusova, A., Vol-
ginas, P., ... & Naumcik, A. (2019). A multisensory, green, and energy
efficient housing neuromarketing method. Energies, 12(20), 3836.

Kaklauskas A., Velykorusova A. & Skirmantas D. (2019). Development
of the video neuroadvertising method and recommender system. VGTU
Publishing house Technika, 10.20334/2019-013-M

Velykorusova A., Zavadskas E.K., ... & Kaklauskas A. (2023). Intelligent
Multi-Criteria Decision Support for Renovation Solutions for a Building
Based on Emotion Recognition by Applying the COPRAS Method and
BIM Integration. Appl. Sci. 2023, 13, 5453.

The results of the research conducted in the dissertation were presented at
international fairs and scientific conferences in Lithuania:

Fair of European Innovators in Cultural Heritage, November 15-16,
2018, Brussels, Belgium. Pitch presentations: Kaklauskas A.,
Velykorusova A., Cerkauskas, J., & Binkyté-Véliené A. ROCK Video
Neuroanalytics and smart lighting system.

The 17th Colloquium ,,Sustainable decisions in built environment* and
Meeting of EURO working group “OR in sustainable development and
civil engineering”, 15 May 2019, Vilnius, Lithuania. Pitch presentations:
Kaklauskas A., Velykorusova A. & Skirmantas D. (2019). Development
of the video neuroadvertising method and recommender system.

The 13 International Conference “Modern building materials, structures
and techniques”, May 16-17, 2019, Vilnius, Lithuania. Poster: Kaklaus-
kas A., Velykorusova A. & Skirmantas D. Development of the video neu-
roadvertising method and recommender system.

The 9th Consortium Meeting & 3rd International Workshop, October 17-
21, 2022, Tallinn, Estonia. Pitch presentations: Velykorusova A. Intelli-
gent Multi-Criteria Decision Support for Sustainable Renovation Based
on Emotion Recognition.

26th Conference of Lithuanian Young Scientists “Science — Lithuanian
Future” Construction, section: Construction management and real estate,
13 April 2023, Vilnius Lithuania. Pitch presentations: Velykorusova A.


https://doi.org/10.20334/2019-013-M
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Intelligent decision support system for the sustainable renovation of a
built environment.
The results of the research conducted in the dissertation were implemented
in several projects:

— Horizon 2020. Regeneration and Optimisation of Cultural heritage in cre-
ative and Knowledge cities (ROCK), 2017-2021.

— Horizon 2020. Building Information modelling adapted to efficient ren-
ovation (BIM4REN), 2018-2022.

— Erasmus+ programme. Integrating education with human behaviour rel-
evant to the influence of coronavirus and negative emotions in a built
environment (MICROBE), 2020-2023.

— Erasmus+ programme. Integrating education with consumer behaviour
relevant to energy efficiency and climate change at the Universities of Sri
Lanka and Bangladesh (BECK), 2018-2021.

The Structure of the Dissertation

The dissertation includes an introduction, three chapters and general conclusions,
a list of references, and a list of the author's scientific publications on the topic of
the dissertation. There are also three Annexes.

The volume of the work is 132 pages, excluding annexes, 9 numbered for-
mulas, 30 figures and 33 tables used in the text, 111 literature sources were used
in writing the dissertation.



Theoretical Research on Knowledge
Decision Support Systems for
Sustainable Renovation

This Chapter analyses the process of sustainable renovation of a built environ-
ment, reviews different global intelligent decision support systems (recommender,
advisory and expert systems, artificial neural networks, biometrics-based DSS,
ambient intelligence and the Internet of Things-based DSS) and a brief explana-
tion of their application.

The research results of this chapter are published in two author publications
(Kaklauskas et al., 2019; Velykorusova et al., 2023;) and presented at two confer-
ences (26th Conference of Lithuanian Young Scientists “Science — Lithuanian
Future”, The 9th Consortium Meeting & 3rd International Workshop).

1.1. Sustainable Renovation of a Built Environment

Renovation processes are complicated and contain a hazard of underestimating
structural and social values in favour of internal and external remodelling, financ-
ing and productivity. Sustainable renovation of a built environment covers the
renovation of existing buildings to improve their environmental performance with

7
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sustainable methods and materials. The created structure can be implemented at
different project stages and encourage the resolution of feasible advancement is-
sues by supporting decision-making and communication among project partners.
It can be used early in the process to characterise key performance criteria and
then to compare/assess the pros and cons of selective improvement activities dur-
ing the planning phase or after completion. An efficient process is required to
create choices on recuperation measures. This chapter aims to review decision-
making strategies used for building renovation. A stock of existing tools and strat-
egies was examined during the literature review.

Renovation usually implies a reduction in energy consumption, making it a
much better choice than demolition or new construction. The analysed studies
showed that the actual lifespan of buildings exceeds the intended (Dwaikat & Ali,
2018), and the advantage of wear and tear (Canossa & Wuttke, 2020) is related to
environmental impact and resource utilisation, including operation and produc-
tion. However, smaller-scale studies focusing on, e.g., environmental impact can
lead to methodologies that advance modern construction (Churkina et al., 2020;
Mi et al., 2019). The created environment is a centre of socio-economic develop-
ment, a major part of the European cultural heritage, and a regional and national
identifier.

Renovation processes are more complicated and undetermined in terms of
planning, execution and decision-making than the process of new building con-
struction. They require knowing the qualities and disadvantages of an existing
building. The lack of information can endanger the priceless heritage, e.g., its
technical or artistic value, materials, low quality and shorter service life compo-
nents. Additionally, there is a chance that cultural, social and structural values
may be dismissed in favour of viability or due to financial reasons. Such intangible
aspects of the anthropogenic environment are often perceived as indistinct and
complicated. More supporting tools and information are required to form accurate,
synthesised options in a reconstruction project which will allow for the regulation
of different desires, demands and values in various important categories, such as
ecological and energy conditions, financial and engineering indicators, and the
cultural and social states (Mirarchi et al., 2020).

The main idea is to realise the ongoing updated decision-making processes
and make suggestions on how they can be enhanced to better deal with important
aspects of sustainable development. Key issues: DSS based on text analytics and
production; Data sharing as a primary element in an intelligent decision support
system; Integration of remote sensing into DSS; Integration of data analytics and
Decision Support Systems; Artificial neural networks in DSS and biometrics;
Biometrics-based Decision Support Systems; Surrounding Intelligence and the In-
ternet-of-Things-Based Decision Support Systems and other intelligent Decision
Support Systems.
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There is a small number of sources that describe the decision-making process
for upgrading. Reconstruction is considered from a wide perspective, inclusive of
commercial and residential buildings owned and operated by municipal or private
institutions. Attention is focused on the preliminary investigation stage, that is,
the stage at which the main goals and direction of the repair are decided and de-
termined.

Needs for renovation;
technical/functional
obsolescence

________________
- ~
-

"

+~  Early discussions
with authorities ./

-

~
.,
A

Inventory/documentation

-

,,,,,,,,

Pre-investigation/Design —
alternative solutions

Preliminary cost calculations

Decision to design )
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Renovation works
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Fig. 1.1. Phases of renovation process (elaborated by the author)
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Generally, the retrofit process follows roughly the same steps as new con-
struction (preliminary design and research, construction work, putting into opera-
tion and end-use). Though, the upgrade phase should pay more attention to the
preliminary investigation stage to obtain good results. In the developed frame-
work, it is noticeable that reconstruction processes often have poor documentation
construction conditions.

Previous research is a wide term which involves collecting different types of
information, inventorying the condition of a building, and setting documentation
on a building before making changes. According to Costin et al., (2018), the pre-
liminary investigation has to contain a survey of the construction and its surround-
ings (e.g., general impressions, local context, technical condition, service status),
property records, user requirements documents, contracts relating to the building,
history (year construction, previous updates/changes, previous colour schemes),
as well as schemes and drawings (e.g., construction and historical drawings, pho-
tographs, sketches). The previous research should also be objective and not con-
tain subjective assessments.

1.2. Worldwide Methods for Sustainable Renovation
of a Built Environment

The point of the literature review is to look at what existing instruments may be
utilized for a more comprehensive approach within the decision-making handle
for updates. This section consists of a literature review of previous articles exam-
ining and comparing building appraisals. The studied methods describe several
values, separated into structural, cultural, social, historical, environmental, spe-
cialized and financial values, along with the quality of forms. A review of previ-
ous research on building renovation has shown that the efforts made today have
not completely resolved the problems of sustainable development. Then there is
the question of the overall aims of sustainable development in the context of build-
ing renovation.

To address this issue, research uses a multidimensional approach, including
the study of existing methods and methodologies of assessment and literature re-
view. The point of departure is to build environmental assessment methods.

Existing methods and tools were studied and formulated on a limited litera-
ture review and internet browsing. The literature review gives an outline of exist-
ing instruments and techniques that can be utilised to form decisions within the
renovation process based on the appraisal of green buildings. These strategies
have been explored for aspects of sustainable development, such as natural, spe-
cialized, architectural, cultural, social and economic.
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There are a large number of worldwide instruments and strategies to evaluate
or classify buildings according to environmental friendliness or sustainability in
the analyzed studies (e.g., Omer & Noguchi, 2020; Ding et al., 2021). Some are
used all over the world; others focus on regional, national or local characteristics.
The most recognized and widely used valuation methods are the American LEED
(Leadership in Energy and Environmental Design), BREEAM (Building Research
Environmental Assessment Method, the first commercially available building as-
sessment tool introduced in 1990 in the UK), DGNB (the German certification for
sustainable buildings, Deutsche Gesellschaft fiir Nachhaltiges Bauen) Green Con-
struction Tool, CASBEE (the Comprehensive Assessment System for Built Envi-
ronment Efficiency, widely used in Japan). At the EU level, two projects are on-
going within the framework of the Seventh Framework Programme, OPEN
HOUSE (2012) and SuPer-Buildings (2012).

LEED scheme. LEED is the most acknowledged environmental assessment
scheme for buildings. The version LEED-NC v2.2 for new construction is set-
based on credits and prerequisites. Each credit covers one of the following aspects
(Alapati & Kavuri, 2020). This includes water efficiency, sustainable sites, envi-
ronment and energy, resources and materials, natural quality of spaces, design and
development. Each credit is awarded one point if the requirement is met, except
for the Energy Efficiency Credit and the Renewable Energy Credit, which earn a
certain number of points for each credit based on how much efficiency is
achieved. There can be gotten up to 69 points. Depending on the points received,
there are four levels to which certified buildings can claim: Certified (40-49
points), Silver (50-59 points), Gold (60-79 points) and Platinum (80+ points).

Two approaches exist to assessing energy characteristics in construction,
known as Credit EA1-Optimize Energy Performance. The first is the Prescriptive
Compliance Pathway, which enables projects to earn 4 points if they meet the
ASHRAE Advanced Energy Design Guide for Small Buildings 2004. Another
approach is to simulate the energy of the whole structure, allowing 10 points when
the building shows an improvement in energy cost compared to the normalized
building. In both approaches, the evaluated building must meet the minimum ef-
ficiency level of 2 points. This equates to a 14% improvement on any level of
LEED-NC certification (Alapati & Kavuri, 2020). Building energy modeling re-
quires the use of a modeling program that is capable of performing thermal anal-
ysis according to the specifications outlined in ASHRAE 90.1-2004 (Erbe et al.,
2021), better known as the Performance Rating Method (PRM). Energy rating can
be estimated according to the annual energy costs to operate the proposed building
compared to the average annual operating costs of the base building using actual
energy purchase tariffs or average state energy prices as shown below.

% of improvement = 100x[1 — (Cost of Proposed/Average Cost of Baseline)].
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BREEAM scheme. BREEAM is a generally utilized natural evaluation plot
for buildings within the United Kingdom (available online: www.breeam.com).
Whereas this is often a voluntary standard, energy productivity appraisal takes the
UK Building Directions as a benchmark for evaluating efficiency gains. The latest
adaptation for office buildings — BREEAM Workplaces 2008. Similar to the
LEED credit rating system, BREEAM Workplaces 2008 characterizes credit cat-
egories corresponding to a building's natural impacts, including governance, well-
being, vitality, transportation, water, materials, waste, land use and environmental
pollution (Harisankar & Rakesh, 2021).

The overall score is based on available credits, the number of credits earned
in each category, and a weighting calculation. High operational characteristics of
the building can be categorised as Unclassified (30), Pass (>30), Good (>45), Very
Good (>55), Excellent (>70) and Outstanding (>85). A minimum number of cred-
its must be earned in each category.

The BREEAM vitality rating is called Credit Ene 1 — CO, Emissions Reduc-
tion. This permits to the attainment of up to 15 credits when the evaluated building
illustrates an advancement within the vitality and effectiveness of texture and
building administrations. The building's vitality execution is displayed as a CO.-
based file. The amount of credit received is established by comparison of the
building's CO: list with the Energy Performance Certificate (EPC). The Energy
Performance Certificate is shaped on the premise of the National Calculation
Methodology of the United Kingdom (NCM). It gives a viability rating for a build-
ing from A to G, where A is the most efficient and G is the less effective. In order
to rank resources, needed to form two building models: real building and support-
ing building. The performance at this point is determined as the fraction of CO;
emissions from the actual building to the standard outflow, which is estimated by
applying the prescribed increase; calculating CO; emissions from a control build-
ing (Harisankar & Rakesh, 2021).

1.3. Global Intelligent Decision Support Systems for
Sustainable Renovation of a Built Environment

Buildings account for around 20-40% of energy consumption in developed coun-
tries. Over the last decade, various global-scale organisations have contributed
critical assets to finding solutions in the attempt to rectify the situation, emphasis-
ing building renovation forms to reduce energy consumption and carbon footprint
(e.g., Tanrikul, 2020; Asmone et al., 2019). Several ways are available for ascer-
taining and scaling the potential of a building’s vitality enhancement through re-
modelling. This can be done by focusing on climate change, energy supply secu-
rity, natural or life cycle effects, the building’s usefulness, spatial quality, indoor
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climate etc. The sum of all these causes can move the reason for renovation to-
wards the goal of universality, which requires the improvement of comprehensive
scenarios for major repairs.

Building renovation projects are challenging, given their multifaceted nature
and many different partners. The DSS suggested in this work was mainly inspired
by the challenge of distinguishing the objectives and criteria of a sustainable ren-
ovation process and related approaches, as well as the aim to address the com-
plexity of making renovation scenarios with many different partners. It is vital to
assess the components influencing the external and internal environment. Subse-
quently, choosing the most effective arrangement is seen as a multidimensional
problem.

1.3.1. Recommender, Advisory and Expert Systems and their
Integration with Decision Support Systems

It is well known that advisory systems and recommender systems are frequently
utilized synonymously within the literature. The recommender system (e.g., Pinto
etal., 2018; Guo et al., 2020), the advisory system (Al Amri & Marey-Pérez,
2020) and the expert system (Ding et al., 2021) are integrated into the decision
support systems (DSSs).

Recommender systems (RSs) — instruments and methods that give counsel
for user-friendly things. The exhortation given is planning to back clients in nu-
merous decision-making forms, such as perusing books, selecting the playlist,
what to purchase, and what motion pictures to observe etc. Recommendation sys-
tems have been demonstrated to be an important apparatus for Web clients to
overcome data over-burden. Zhao et al., 2019 mentioned that creating recom-
mender systems is multidisciplinary work including specialists in such areas as
human-computer interaction, fake insights, data innovation, measurements, infor-
mation preparation, responsive client interface, choice bolster frameworks, show-
casing, or customer conduct.

Different strategies proposed Zhao et al., (2019) as a base for recommender
systems:

Demographic: provides advice based on a user's demographic profile.

Collaborative: generates suggestions using only rating information for dif-
ferent users.

Content-based: generates offers from two sources — product-related features
and user ratings.

Community-based: recommends items based on user friend preferences.

Knowledge-based: offers products based on the needs and preferences of the
user.
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Hybrid recommender systems: consists of a combination of the above tech-
niques.

The methods mentioned above have the following disadvantages, including
the cold start problem for shared systems and the bottleneck of knowledge-based
approaches. A hybrid system of recommendation is a combination of several
methods together to gain a certain synergy between them. Common, existing rec-
ommended methods with little knowledge, are used very often, and basic mes-
sages when reviewing/commenting on items for users. Other methods allow to
stay away from knowledge but using them casts doubt on users or objects, limiting
or relating to user actions. Besides a general classification, the data used by Rec-
ommender systems relate to three types of entities: transactions (i.e., user-object
relationships), objects and users.

Some DSS can recommend choosing an alternative and explaining the ra-
tionale behind this advice. A knowledge-oriented DSS can offer or suggest actions
to executives. This decision support system is a personal computer system that
has specialized problem-solving expertise. At the information search stage, intel-
ligent search approaches and intelligent decision support systems can sift through
a wealth of information available on the Internet to provide suggestions that suit
users' taste, personality, budget, pre-selection, or selection of customer groups
(those who has a similar lifestyle, profiles and behaviours).

Expert systems and advisory are combinations that create problems that
mimic human specialists in specialized science. These systems have been used
when people know what works for people and when they are used, they can be
used by a computer to evaluate alternative problems that relate to true knowledge.
Advisory systems do not apply decisions, and on the contrary use, decision-mak-
ers to manage decisions using the most recent human user (Ding et al., 2021).

Advisory systems help manage the decision-maker through the decision-
making process, leaving the final decision to the user. A mindful manager works
in collaboration with an advisory structure to discern issues to address and re-
evaluate possible arrangements from unstructured arrangements. Laage-Thomsen
(2021) said that advisory systems offer assistance synthesize information and en-
counters related to a particular issue circumstance for the client; be that as it may,
the decision-making specialist and duty rests with the client, not the system. Ad-
visory systems are developed to support decision-making in situations where there
is no single correct answer. Collaborative advisory systems that provide intelli-
gent answers to widespread problems are more valuable and important in unstruc-
tured situations than expert systems that provide correct answers to a very limited
number of issues.

Due to the organisational need for intellectual support for solutions, expert
systems were developed through the integration of artificial intelligence (Al) and
knowledge management techniques. In contrast to expert systems, the proposals
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of advisory systems do not continuously speak to the conclusive reply to an issue.
Instep, they show decision-making tips as a portion of an iterative problem-solv-
ing preparation.

1.3.2. Data Mining as an Important Component of Intelligent
Decision Support Systems

Data mining includes the extraction of imperative data to assist in choice making
of a choice bolster framework. Integration of information mining and choice bol-
ster frameworks (DSS) can help resolve various issues of modern times. Data
mining provides information from diverse viewpoints, making it a valuable and
vital component in planning choice back frameworks.

Data mining handles changes data into information through instruments
within the areas of computing insights, database innovations, machine learning,
nonlinear flow, preparing to demonstrate, demonstrating and related disciplines.
Information makes a difference you analyze commerce issues from diverse view-
points, counting dimensionality diminishment, co-occurrence and relationship,
classification and clustering, estimating and relapse, inconsistency location, and
altering the examination (Guo et al., 2020). Prescient bits of knowledge from in-
formation recovery can be advanced and utilized through real-time examination
and decision-making sciences, as well as human-based exemptions or objectives
administration, to pick up current information. Tools that empower you to convert
crude information into substantial prescient thoughts are collectively alluded to as
decision-support tools. It can be divided process of knowledge discovery in data-
bases into nine steps:

1. Creating and understanding the application space. Those responsible for
the extension should obtain it and describe the end user's goals and the environ-
ment in which the disclosure will occur.

2. Making and selecting information sets on which disclosure will be per-
formed. This incorporates finding out what data is accessible, getting extra essen-
tial information, and after that coordinating all the information for the information
revelation into one information set, a count of the properties to be considered for
the process.

3. Cleansing and pre-processing. In this organise, information unwavering
quality is upgraded. It incorporates information clearing, such as taking care of
lost values and evacuation of commotion or outliers.

4. Data transformation. At this step, the generation of higher information for
information extraction is ready and created. This strategy includes measurement
reduction and quality change.
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5. Choosing the fitting Information mining errand. Choose which sort of In-
formation mining to utilize, for illustration, clustering or classification. This gen-
erally depends on the Knowledge Discovery in Databases (KDD) objectives, ad-
ditionally on the past steps. There are two main objectives in Information mining:
forecast and portrayal. The expectation is regularly alluded to as directed Infor-
mation mining, whereas graphic Information mining incorporates visualization
and unsupervised angles of Information mining. Most information mining strate-
gies are based on inductive learning, where the demonstration is developed une-
quivocally or certainly by generalizing from an adequate number of prepared ex-
amples.

6. Selecting the Information mining calculation. Having the technique can be
chosen the strategies. It organises and incorporates selecting the particular strat-
egy to be utilized for looking at patterns.

7. Utilizing the Data mining algorithm. At this stage, it may be necessary to
perform the calculation a few times until the full result will be gotten, in this case
by changing the algorithm's control parameters, including the smallest number of
occurrences in one leaf of the selection tree.

8. Assessment. In this arrangement, assessed and translated the mined de-
signs (rules, unwavering quality etc.), with regard to the objectives characterized
within the, to begin with, the first step.

9. Utilizing the found information. Join the information into another frame-
work for encouraging activity.

Data mining serves as the essential reason for finding designs among huge
volumes of information and changing information into more refined/actionable
information. This method utilizes particular calculations, measurable examina-
tion, fake insights & database frameworks. It points to extricating data from gi-
gantic information sets and changing over it into a justifiable structure for future
use.

Next, can be compared the list of commercial and free data modelling tools.

Rapid Miner. It is one of the leading prescient examination frameworks cre-
ated by Rapid Miner. Written in the JAVA programming language. Rapid Miner
gives an environment coordinated for profound learning, machine learning, con-
tent mining and prescient investigation. The tool can be used for more than an
infinite number of applications, including commercial applications, preparation,
instruction, application improvement, and prediction. Rapid Miner provides a
server on private/public and local cloud bases. Rapid Miner is provided with tem-
plate-based systems that ensure efficient migration with fewer errors (Sentiirk,
2020).

Orange. Orange could be a culminating program suite for data mining and
machine learning. It best helps with information visualization and can be a com-
ponent program. Orange is written in Python language. Because Orange software
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is component-based, its elements are named “widgets”. Its widgets array from
data preprocessing and visualisation to algorithm evaluation and predictive mod-
elling (Ratra & Gulia, 2020).

Weka. The so-called Waikato Environment may be a machine learning com-
puter program created at Waikato College in New Zealand. It is best suited for
predictive modelling and information exploration. Weka contains visualization
and calculation tools that back machine learning. This program is written in the
JAVA programming language. It supports key information mining assignments
counting preparation, data mining, regression and visualisation, and works on sus-
picion that information is accessible within the frame of a level file (Camungao,
2020).

Oracle Data Mining. An element of Oracle Advance Analytics, Oracle's data
intelligence application offers amazing intelligence computing for data classifica-
tion, expectation, and specialised analytics that enable reviewers to analyse expe-
rience, provide forward forecasts, focus on the best stakeholders and distinguish
between cross-selling and extortion. The calculations planned for interior ODM
use the potential qualities of the Prophet database. The SQL data mining feature
can extract information from database templates, views, and tables (Gul et al.,
2021).

1.3.3. Integration of Data Analytics and Decision Support
Systems

Big data require prior studies to infer relevance and potential respect for vital pur-
poses, as they do not provide valuable data by themselves, as these data sets were
not unique to planning for decision-making reasons or explanatory. In addition,
this issue will require changes in the tools and models used to improve procedures,
including information verification and collection. An illustration could be how
stakeholders can be served through social media while their reactions and actions
are tracked to create more personalized admins for them since these customers are
both buyers and creators of data (Hamilton, 2021).

Keenan & Jankowski (2019) characterize analytics of big data as innovations
(e.g., tools of data mining and database) and methods (exposure strategies) that
the company can use for large-scale analysis, complex information for different
applications, expecting to increase the reliability of execution in different dimen-
sions.

Recently, various machine learning methods (Radial basis functions, Neural
networks, Geospatial predictive modelling, k-nearest neighbours, Naive Bayes
and Support vector machines), open-source prescient explanatory devices (Rapid
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Miner, Orange, Oracle Data Mining, Weka) and commercial prescient explana-
tory apparatuses (KXEN Modeler, IBM SPSS Modeler, Pervasive, STATISTICA,
TIBCO and SAS) were used for analytics in predictive times.

Understanding the core components of a Decision Support System is also
critical to identifying zones where steps will need to be taken to address the chal-
lenges presented by Big Data. Generally, the Decision Support Systems include
the following major components:

— Data Source(s), this element characterizes the gathering of information
from different sources, both from other infrastructures or stand-alone da-
tabases.

— Software System, this element characterizes the set of instruments re-
quired for the investigation of information and giving the yield to the
choice producers.

— User Interface, this element characterizes the genuine set of screens and
sees that the client is interatomic with to reach a choice. Most are graph-
ically based and deeply intuitive to enable the energetic management of
voiced information (Lokhande & Khare, 2015).

Islam et al., (2017) proposed a system where points coordinate the major el-
ements required to guarantee the quality and pertinence of information being an-
alyzed inside a DSS. This cycle of information preparation, analysis and decision-
making also uses knowledge fragments built up over time based on past choices
and positive propositions and stores them in a repository that organisations can
tap into to obtain prior information when needed.

The system covers four primary components, which incorporate such as de-
cision-making, data analytics, data preparation and an information repository.
These elements are united to move information from a rough outline to meaning-
ful and important data used in incentive exams and re-selection exercises. In ex-
tension to use for future analytics cycles (Hamilton, 2021). Islam et al., (2017)
describe the framework for Effective Big Data Analytics for DSS.

Data Preparation. The data preparation element obtains input data from con-
ventional information sources, e.g., databases or value-based systems, either re-
ceive information from information streams, such as information from versatile
gadgets or social media. Quality channels ensure that either conventional or big
data sources are networks use of variables of quality like metadata, relevance,
accuracy, completeness and usability. The reason for such an action is to raise the
fundamental information quality used for examination. The second part of this
component is the coordination of important information, which selects if other
sources of information can be coordinated with the screened information to make
progress in its investigation or to transfer them to the analytical department. The
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final part is planning information for examination, which performs any necessary
changes or clean-ups required to produce information ready for examination.

Data Analytics Component. The data analytics component obtains clarifier
and organised information from the preceding element to perform the desired
transparent explanatory approach. This requires choosing a relevant calculation
based on the numerous external components important to the release space. Thus,
this element will require the classification of numerous pre-calculations based on
the target trading space, which expands to recognize the needs of important exter-
nal components. This would guarantee that the suitable expository calculation is
chosen that best fits the issue space.

Decision-Making Component. The decision element obtains a collection of
suggestions and is displayed to the choice maker during the exploration phase of
the decision handle. This stage requires human interaction with the framework to
see the results of the explanation and suggestions, at this stage moving to the plan-
ning stage, the choice maker will choose the most suitable components for him to
propose options, and finally, with these choices in place, decision-maker can
choose the leading a choice that meets commercial objectives and is supported by
relevant offers and information. This requires the DSS to have an intelligent in-
terface dashboard subsystem capable of displaying suggestions from data analysis
components, allowing decision-makers to direct and organise options as needed.

Insights Component. The insights element guarantee that choices are put
away into the system to supply the required criticism for future cycles of decision-
making, information planning and information analytics. This will require the de-
cision support system to be connected to a knowledge base repository that can
direct, organise and sort bits of knowledge appropriately for further use within
information curation and data analytics yaysyrei. Such a connection must be
somewhat computerized to ensure that selection cycles occur and decision-makers
are concerned about cases of recognized wasteful aspects based on previous rec-
ommendations or selections.

1.3.4. Artificial Neural Networks in Decision Support Systems
and Biometrics

Artificial Neural Network (ANNSs) strategy can be called a promising and ex-
tremely effective choice for characterizing the best management (e.g., Miguel
etal., 2019; Catal & Saplioglu, 2018; Li etal., 2020). ANN enables providing
decision support and modelling complex nonlinear relations. It is motivated by
the structure of biological neural systems and starts with arbitrary weights to the
included factors and then modifies these weights in forward and backpropagation
modes to reduce the difference between true and predicted results. Neurons inside
the hidden layer exchange weighted input information for output using a nonlinear
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exchange operation (Gou et al., 2020). Neural networks (NNs) are characterized
as extremely parallel processors that seek to protect test knowledge and extend its
performance. They recreate the human brain with the expectation of obtaining
experimental evidence in preparation for learning, and interneuronal associations
(neuronal connections) are used to store information.

Muralitharan et al., (2018) suggest ANNs for energy demand optimization
and prediction. For example, Li et al., (2020) applied artificial neural networks to
economic and energy evaluation of the best renovation actions. Deb et al., (2018)
utilized artificial neural networks to survey conceivable ventilation, and heating
and discuss energy conditioning investment funds in cases of 56 modernized of-
fice buildings. Muralitharan et al., (2018) proposed a neural network-based sub-
system that provides personalized smart home administration. Generally, Artifi-
cial Neural Network models are established by node characteristics, network
topology, learning rules and training type, which, moreover to specifying an initial
set of weights, specify how these parameters or weights should be adapted in such
a way that the performance of the networks is the best. As specified by Diaman-
topoulou et al., (2015), procedures for the design and specification of learning al-
gorithms are widely discussed and therefore add value to many types of research
development.

Face recognition with thermal pictures has started to pull in noteworthy con-
sideration steadily since the light of the environment would not influence the
acknowledgement execution. In any case, the acknowledgement execution of con-
ventional thermal confront recognizer is still deficient in the viable application
(Hikci et al., 2019). Kortli et al., (2020) display a novel thermal face recognizer
utilizing not as it were warm high-lights but moreover, basic facial geometric
highlights which would not be affected by haircuts to make strides in the acknowl-
edgement execution. A three-level forward backpropagation neural mechanism is
connected as a classifier. Conventional thermal facial recognition devices used
bypassed data about blood vessel geography, such as thermograms, as backlight.
To overcome this disadvantage, the proposed thermal face recognizer can use not
only the bypass data but also the coordinate data of the geography of blood ves-
sels, which are special for each individual. In addition, the recognition efficiency
of the proposed thermal reflections would not decrease in case of displacement of
breathing of the nose, hair on the frontal bone or blinking of the eyes. The pro-
posed illuminators are more viable than conventional thermal illuminators, and
the implementation of thermal face recognition verification has achieved signifi-
cant success (Kortli et al., 2020).

Human support is essential when investigating information as well as making
decisions. Computers are not yet able to supplant human skills and abilities. Vis-
ual intelligence data mining makes a difference by personalizing information by
displaying and visualizing it in graphical form. Visualization gives a person the
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opportunity to receive and analyze information, draw conclusions and make a de-
cision. Artificial neural networks can perform clustering, classification, predic-
tion, function approximation, optimization and many other possibilities.

1.3.5. Biometrics-based Decision Support Systems

Biometric-based systems are special that combine different techniques, concepts,
and strategies from numerous ranges of the natural and social sciences, in specific
picture handling and design acknowledgement, virtual environmental design and
engineered biometric data generation, dispersed and avatar framework design, hu-
man-machine interaction, coordinates knowledge-intensive system design, com-
munication, and psychology. In numerous applications, the investigation of bio-
metric information (in specific, the investigation of biometrical information) is
combined with the reverse issue, that's, the union of biometrics information
(Patta, 2019).

An essential inspiration for using biometrics is effortlessly and more than
once recognising a person to empower a mechanized activity based on that
acknowledgement. The reasons for needing to consequently recognize people can
shift an incredible bargain; they incorporate lessening mistake rates and moving
forward precision, diminishing extortion and openings for circumvention, dimin-
ishing costs, progressing adaptability, expanding physical security, and progress-
ing comfort. For case, nearly all advantage and privilege programs that have uti-
lized biometrics have done so to decrease costs and extortion rates, but at the same
time, comfort may have made strides as well (e.g., Patta, 2019; Ang & Seng,
2021).

Tsuei et al., (2021) created a biometric evaluation model for biometric ad-
ministrators to improve their performance. Results demonstrated the particular
process of improving biometrics and the impact weights of biometrics for perfor-
mance evaluation under full consideration of impact criteria by adopting a hybrid
Multiple-criteria decision-making model. All biometrics research studies focus on
the factors and procedures that will affect biometrics, and whether they will have
a negative or positive effect. Even so, the decision-making process needs the con-
templation of multiple criteria with feedback and interdependence in reality. The
interrelationship and influential weights among biometric criteria have also rarely
been investigated. That is why this question will be considered in this work.

1.3.6. Ambient Intelligence and the Internet of Things-based
Decision Support Systems

The concepts of the 10T and ambient intelligence (Aml) and their interface for
selecting reverse frameworks are briefly reviewed. Ambient intelligence explores
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electronic situations that are responsive and sensitive to people's daily activities.
Concurring to Gams et al., (2019) encompassing worldview is categorized by
achievements and frameworks that are implanted, personalized, contextual, ex-
pected and universal. In the conclusion of Duric etal., (2021), the Internet of
Things alludes to the interrelationship of curiously identifiable implantable com-
puting gadgets within the existing web framework. Latorre-Biel et al., (2018) out-
lined a Petri net model of a smart production line from an Industry 4.0 perspective
as virtualization for decision support. Brodsky et al., (2019) examined a decision
support system for counting information, reusable components, information, con-
trol factors and decisions to drive the environment to intelligence. In any case,
there is a need for an excellent depiction of framework-based quantitative model-
ling approaches and patterns, emphasizing the exploration and elaboration of
framework needs, the use of selective exposure strategies and systems evaluation.

Recently, the topic of an intelligent environment, which is also named ambi-
ent intelligence, has been intriguing. The term ambient intelligence is referred to
the installation of devices and sensors in a room or environment that naturally
responds to the needs of customers in that environment. The user hides the sensors
so they are part of the environment and do not require any connection to the de-
vices. These devices can be smaller phones, thermometers, motion sensors, cam-
eras or any gadget that can transmit data to a robotic control system about the state
of the environment (Lashmi & Pillai, 2019). Aml is depicted as a demonstration
of interaction in which people are surrounded by smart gadgets, know about their
proximity and privacy settings and are able to adapt to the needs of the user
through implantable innovations. Ambient intelligence is linked to intelligent
manufacturing to support industrial communication between components in-
volved in generation preparation, manufacturing information stream and pro-
gressed apparatus. The shareable data ought to be reasonable between clients and
ambience. The following highlights distinguish how Aml can consolidate and as-
sist Intelligent Decision Support Systems. During preparation for production, part
of the data is clarified by administrators (Bivard et al., 2020).

— Data can be within general input, including spoken dialect and handwrit-
ing using gestures and touch screen panels. Innovations that may offer
assistance in data collection at this stage may include computerized writ-
ing or manuscript and discourse confirmation.

— The data may be within the shape of perceptions and encounters approx-
imately the statute and issues within the handle and from the environ-
ment. Mobile phones, remote handheld gadgets, tablets, wearable gadgets
such as consoles, clothing, information gloves, glasses or augmented re-
ality (AR) can be used to record data during perception or participation.
Biometric authentication and verification can offer administrator assis-
tance in recognizing and recording observed or experienced data.
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— The data may be within the framework of an administrator's request. As-
suming that the administrator has the least information about data (no
data name, approximate territory or organisation data), cellular commu-
nication and interaction innovations for instance general packet radio ser-
vice (GPRS), wireless local area network (WLAN), the Universal Mobile
Telecommunications System (UMTS) and Bluetooth can help the admin-
istrator get an overview of the data. The collaboration environment is the
hub for delivering these administrative responsibilities.

— Data may well have any needs, and be unstructured, either sending mate-
rials from a single administrator or in a collaborative setting. For unstruc-
tured data, an interoperability mechanism and communication framework
handle the assignment of a data-sharing strategy.

Analytical methods of the decision-making process progress inadequacy as
well as complexity. In any case, in some cases, it is unlikely to use complex sur-
veys under time-constrained conditions. Inserted analytics devices given by Aml
can offer a successful and commonsense implies for real-time choice-making and
crises. For this reason, inserted gadgets can be actualized in production tools and
devices to record and gather all vital data, on the other hand, decision-makers can
be prepared with embedded smart gadgets to gather online information and ana-
lyze structure setup. (Munir et al., 2019). In a smart manufacturing environment,
decentralized Decision Support Systems can be used and controlled by decentral-
ized manufacturers of choice. On such occasions, neighbourhood decision-makers
need a customized Decision Support Systems framework based on their infor-
mation, work environment, and decision-making mandates. Ambient intelligence
can facilitate the personalization of IDSS for different levels of customers and
decision-makers.

1.3.7. Other Intelligent Decision Support Systems

Fuzzy Logic for Intelligent Decision Support. Fuzzy logic amplifies decision sup-
port by allowing the representation of inputs or factors within the choice issue
way the way that people reason approximately for them. Decision-makers fre-
quently experience issues in which inputs are uncertain or questionable. For illus-
tration, the climate may be sunny, mostly sunny, generally cloudy, or cloudy. By
comparison, Boolean logic could be a framework of typical rationale that admin-
isters consistent capacities on a computer and is based on a binary framework of
(completely false) and 1 (totally true). Fuzzy logic empowers a representation of
instability by permitting input to have an extent of values between (totally false)
and 1 (totally true).
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Fuzzy logic is more flexible in representation so that the decision-maker in-
cludes a run of choices and is free to assess the values of inputs. There's no char-
acteristic structure in fuzzy logic, so nonlinear connections can be typified nor-
mally without earlier arranging. As unused data gets to be accessible, values can
be refined and modified effortlessly, giving the decision-maker a normal way to
bargain with vulnerability. Fuzzy logic gives a way to speak to rule-based prac-
tices, such as information from a master, so that mastery can be captured and given
to the decision-maker at the fitting time (Rodriguez et al., 2020).

Fuzzy logic can moreover be combined with NN so that the elucidation of
decision factors is clearer. For illustration, input factors can be depicted with three
values such as most extreme, least, and most likely esteem. These are character-
istic dialect portrayals that improve the capacity of a decision-maker to communi-
cate spatial information to a show and translate the yield.

Expert Systems for Intelligent Decision Support. An Expert System (ES) may
be a computer framework that endeavours to illuminate issues that would ordinar-
ily be illuminated by a human master (Medsker & Bailey, 2020). Frequently the
term ES is utilized to depict a framework that inserts the insights of one or more
identified human specialists. The framework originator must think about how the
human master makes the decision and after that implant that information into the
computer framework (Yan et al., 2019). The components of an ES are shown in
Figure 1.2.

Knowledge
Base
A
v
Knowledge o Inference P User
Acquisition r : o Interface
Module Engine
F
A\ 4
Explanation
. Module
Domain
Expert

Fig.1.2. Components of an expert system (Yan et al., 2019)
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It shows a domain expert who gives information to the Knowledge Acquisi-
tion Module. That information is encoded within the information Base, as a rule
as a portion of the improvement handle. The client or choice producer enters the
framework through an interface. The client may at that point specifically get to
the KnowledgeBase for past cases, or the Inference Engine to gather from past
cases to a modern case. The client may “drill down” for a clarification of the de-
duction from the Explanation Module. The ES in this way serves to capture, col-
lect and gather information from a spacious master and pass that expertise to a
decision-maker.

1.4. Conclusions of the First Chapter and
Formulation of the Dissertation Tasks

Based on the conducted literature review, the following conclusions and main
tasks can be drawn:

1. The analysis of literature in this field showed that there is no analytical-
recommended method of integration for sustainable renovation of a built
environment, which would comprehensively analyze all life cycles of it
and factors such as pollution, economic, and physiological indicators of
the crowd (by age groups and gender), emotional (happiness, sadness,
surprise etc.) and physiological (heart rate variability) states.

2. All over the world, there is a sufficient amount of research that is applied
to assess the impact of the city on human emotions, both from a subjec-
tive and objective perspective, including the development and application
of a variety of methods and tools over the past decades. Analysed meth-
ods of sustainability certification systems (eg. BREEAM, LEED) related
to sustainable renovation, can be used for the integration of emotional
states into these systems for their further improvement. The main catego-
ries of BREEAM assessment and existing methods of sustainability as-
sessment were analyzed to provide a more holistic perspective in the as-
sessment in accordance with the recommendations for performing the
sustainable renovation.

3. With the growing interest in new applications that integrate artificial neu-
ral networks, knowledge-based decision support systems and fuzzy sys-
tems, in dissertation will be presenting an integrated system where the
decision support system is based on the integration of a multilayer artifi-
cial neural network for urban development.

4. After studying the different strategies related to sustainable built renova-
tion, were identified numerous shortcomings and limitations in the ap-
proaches and methods used by various authors. The presented research
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could justify its contribution to overcoming the limitations of previous
scholars by proposing a framework for the influence of the urban built
environment on people's emotions and a more in-depth analysis of the
connection between emotions and cognition can provide a new
perspective for the study of urban public emotions.

The proposed model requires the development of an integrated decision
support system based on multi-criteria analysis. The creation of an auto-
mated system would allow for assessing the level of efficiency of build-
ing renovation, assessing the current situation in the real estate sector
based on past data and conclude changes in the housing sector.



Development of a Method and
Intelligent Decision Support System
For Sustainable Renovation of a Built
Environment

This Chapter details the methodology used in the dissertation. It includes a de-
scription of the selected building renovation strategy, a detailed description of the
renovation object, data collection tools, the data collection procedure, and the ap-
proach to data analysis used in the study. It also describes the characteristics of
organisations and respondents who participated in the experiment.

The research logic, applicable methods and interconnections of dissertation
parts are reflected in the research design scheme (Fig. 2.1).

The method for sustainable renovation of a built environment using auto-
matic emotion recognition was used in two international Horizon 2020 projects:
Building Information Modelling Adapted to Efficient Renovation (BIM4AREN),
Regeneration and Optimisation of Cultural Heritage in Creative and Knowledge
Cities (ROCK).

The research results of this chapter are published in two articles by the author
(Kaklauskas et al., 2019; Velykorusova et al., 2023) and presented at three con-
ferences (Fair of European Innovators in Cultural Heritage, The 9th Consortium

27
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Meeting & 3rd International Workshop, 6th Conference of Lithuanian Young Sci-
entists “Science — Lithuanian Future”).

[ Chapter |: The Review of Scientific Research ]

! i

Research gaps and problems formulation

Chapter II: Development of a Chapter IlI: Method to Plan and
Method and Intelligent Decision Analyze Neuro-Advertising
Support System for Sustainable Housing Variants Employing
Renovation of a Built Multiple Criteria
Environment l
- Methods for the Sustainability of the Building at the - Main iterative phases of the Affect-Based Built
Stage of Renovation Based on the Application of the Environment Video Analytics Method;
COPRAS; - Compiling Neuro Decision-Making Matrix;
- Method for Sustainable Renovation of a Built - Comparison of the Emotional-Physiological
Environment Using Automatic Emotion Recognition; States of Passersby in the Case Study with
- Manual Post-Processing Strategy for Intelligent Decision Worldwide Practice and its Validation.

Support System for Sustainable Renovation of a Built
Environment Using Heart Rate Variability;

- Analysis of Collected Data for Intelligent Decision
Support System for Sustainable Renovation of Case Study.

[ Conclusions & recommendation for future research

Fig. 2.1. Research design of the doctoral dissertation (created by the author)

Developing a Domain Mapping Matrix (DMM) enhances the identified
knowledge to improve the operational framework for the decision architecture. It
includes a solid impact to bargain with the existing complexity of the vast number
of reconstruction approaches and different support objectives/criteria. Further-
more, the DMM can be used to understand and track the assessment (or included
assessment) of other criteria (i.e., spatial quality), while the centre focuses on op-
timising a few general criteria, i.e., improving energy performance or reducing
investment costs. The developed knowledge-based decision support system inte-
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grated with a multilayer artificial neural network can allow to determine the de-
gree of efficiency of housing and provide recommendations to stakeholders to
work together on the rational management of housing.

2.1. Methods for the Sustainability of the Building at
the Stage of Renovation Based on the Application of
the Complex proportional assessment method

Recent examinations into building renovation, counting vitality enhancements of
existing buildings, have appeared as an expanding consideration in numerous Eu-
ropean nations as well as confronting modern huge challenges. Were uncovered
that these activities can frequently be more cost-effective than modern building
ventures. The existing building stock got to reach the European Union vitality and
emission diminishment objectives. In expansion to that, it is additionally a need
to ensure building capacities, and specialized qualities and to supply a great living
environment (Galiotto et al., 2015). This means, that upgrading vitality effective-
ness isn't the as it were objective for renovating existing buildings. The degree of
the potential for vitality enhancements can be depicted and created in several
ways.

This will happen centre on the climatic interface, life-cycle cost, security of
supplies, indoor climate, natural impacts, spatial quality issues, building useful-
ness and other significant contentions. Existing buildings can benefit from a
broader approach to portability that aims to reduce costs, reduce natural impact
and increase the strength and flexibility of the building for future challenges.
Therefore, buildings can be cheaper to run, last longer and contribute to the crea-
tion of an ideal, more profitable and useful environment for stakeholders. When
all these conditions are taken into account, they can move the modernized corps
towards the goal of general support, which requires more comprehensive ap-
proaches to modernization.

The advancement of existing buildings includes two major steps: current con-
dition evaluation and future renovation techniques. Most of the strategies centre
on the 1st step of the advancement preparation, understanding or foreseeing vital-
ity utilization but no era of conceivable renovation scenarios. Whereas the last
mentioned is about proposing long-term renovation arrangements. The coordi-
nates remodel scenarios/packages that can be leveraged at an existing building —
and are related to conceivable intuition between different remodel destinations —
are not taken into thought in most retrofitting ventures. The comes about is, hence,
imperfect remodel arrangements, which don't reach the total scope of supportabil-
ity for repaired buildings. The major issue here can be considered as what the
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extreme all-encompassing values are and how the values are included by utilizing
remodelling choices.

Developing a Domain Mapping Matrix enhances the understanding needed
to design an operating system for a decision architecture. This has a high impact
to address the existing complexity of a large number of renewal approaches and
the variety of sustainability goals and criteria. In addition, Domain Mapping Ma-
trices can be used to understand and track value (or added value) concerning other
criteria (i.e., spatial quality), while focusing on optimizing some general criteria,
i.e., reducing investment cost or increasing energy efficiency.

Domain Mapping Matrices for building renovation involve three steps:

— Data distinguishing proof of the supportability objectives/criteria.
— Finding and organising the renovation approaches.

— Examination of the conditions among its components.

It gives the essential components for the framework engineering of a decision
support system that can be utilised to create all-encompassing scenarios for reno-
vation activities. Creating systems architecture for a decision support system for
the generation of feasible building renovation scenarios is a perplexing, challeng-
ing assignment. The increasing complexity of the choice of meeting sustainability
goals and aspects, the increasing number of subjects involved, and the fierce com-
petition between conflicting costs and interfaces make picking and choosing trou-
blesome. In arrange to include all the sources which can involve esteem in reno-
vating ventures, the researchers (Kamari et al., 2017) investigated the decision-
making forms for building renovation. Sustainability was characterized and rep-
resented in three categories, considering functionality, feasibility and account-
ability (18 value-oriented sustainable criteria were highlighted) for the deep and
holistic renovation of buildings such as energy efficiency, indoor comfort, mate-
rial, waste, pollution, water efficiency, services quality, aesthetic, identity, integ-
rity, sociality, security, innovation, cost of operation and maintenance, manage-
ment and flexibility, investment cost and involvement of stakeholders. The levels
offer assistance to partners within the remodel handle to talk about the extended
“on the same level” and make straightforward choices in a level-headed arrange-
ment.

The assessment of the sustainability of alternative building solutions was car-
ried out using multi-criteria methods and a decision-making model based on the
application of COPRAS methodology (Kaklauskas et al., 2006). The structure of
the model consists of literature analysis, the development of a system of indica-
tors, expert interviews and a specific case study. The solution model is imple-
mented in the following stages:

Stage 1. According to the literature analysis, an original system of indicators
for evaluating the stability of structural solutions was chosen.
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Stage 2. A model of complex determination of the significance of the criteria
for alternatives (taking into account quantitative and qualitative characteristics) is
created.

Stage 3. Calculation of values of indicators of alternative constructive solu-
tions, analysis of alternative renovation technologies, determination of economic
indicators (costs) during the implementation of alternative constructive solutions
etc.

Stage 4. When applying the multi-objective methods COPRAS, alternative
design solutions were compared using selected indicators of stability assessment.
This stage includes results analyse. Figure 2.2 shows the main steps of the model.

Stage 5. Conducting emotion recognition experiment to understand partici-
pants emotional reactions toward construction projects

Stage 6. Creating a neuro decision-making matrix and initial data for the cor-
relation analysis, considering the physiological and emotional state of stakehold-
ers of different gender groups and ages. This stage also includes analysing the
results.

Stage 1. Calculation the weighted

normalized decision-making matrix D
\ J

( )
Stage 2. Calculation the sums of weighted
normalized indexes describing the j+

. J
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e ™
Stage 3. Determination of the relative
significances Q;

L ‘ J
e ™
Stage 4. Determination of the rank of the
alternative
k ‘ J
e N

Stage 5. Calculation of the qualitative
utility of each alternative
\ J

Fig. 2.2. The key stages of the COPRAS method (elaborated by author)
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2.1.1. A Method of Multivariate Design and Multiple Criteria
Analysis of a Building’s Renovation

The goal of this chapter is to develop the method of multivariant design and mul-
tiple criteria analysis of a building’s renovation. This will be realized by the ex-
ample of the reconstruction of a building in Kyiv, Ukraine (see Annex B).

The renovation of the considered building takes place according to BREEAM
technology. The essence is to reduce greenhouse gas emissions associated with
construction and protect the environment through energy efficiency. Green build-
ing technologies further contribute to sustainability by helping to build healthy
buildings, energy and water-efficient and save costs, such as those associated with
maintenance and operation.

Steps:

— Maximising the use of solar energy and daylight, by orienting the win-
dows to the south and increasing the area of the windows.

— Rational water consumption, the possibility of reusing water (rainwater
collection system).

— Improved thermal insulation, the harmless use of insulating materials, al-
lows maintaining a constant temperature indoors, regardless of tempera-
ture changes outside.

— Harmless automated heating systems (several solutions — biomass, solar
collectors).

— Improved indoor air quality.

The qualitative interviews provided in a semi-structured manner were used
in this work (see Annex A). Qualitative interviews were organised in order to ob-
tain a deeper understanding of the ongoing incorporation of sustainability aspects
into building renovation projects. Six Ukrainian real estate organizations were se-
lected and interviewed to obtain a representative sample of the construction in-
dustry (A—F in Table 2.1) questions were open-ended and provided accordingly
to the step-by-step developed methodology. The participants were 10 Ukrainian
construction specialists who do not suffer from either cardiovascular or mental
pathologies, both males and females (41% and 59% respectively) with an age
range of 30-66 (the average age is 38.5 years); Ukrainian nationality, having at
least two years of working experience; represent three main categories of property
owners in Ukraine (e.g., small, medium-sized and large private companies). How-
ever, the main attention was paid to organisations that own rental offices. Partici-
pating organisations own about 371 apartments, which corresponds to more than
2.7 thousand square meters of housing. In addition, the two organisations also
introduce a large number (about 180) of housing and construction cooperatives of
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different sizes in Ukraine, which are responsible for facility management. A hous-
ing and building cooperative is a society in which each shareholder is a member
and all members of the cooperative carry economic responsibility for buildings
and real estate. Therefore, chosen ten organisations formed a relatively high per-
centage of the total number of housing units in Ukrainian office buildings.

Table 2.1. Characteristics of organisations and respondents during interviews

Organi-
sation

Characterization of
organisation

Role of the respondent(s)

Work area/main responsibilities of the
respondent(s)

A

O

A large public company
(operating in a growth
market)

A very small, private
company (operating in a
non-developing market)

A small, private com-
pany (operating in a non-
developing market)

A large private member
cooperative organisation
(operates throughout
Ukraine)

A medium-sized private
cooperative organisation,
(operates throughout
Ukraine)

The consultant from the head

of construction and engineer- basis. Responsible for project coordination,

ing

Owner

Co-owner

Manager of ecology and sus-
tainable development

Real estate manager

The construction manager on a consulting

management and monitoring

The owner is active in the company and is
responsible for the day-to-day work and all
projects, only one person (administrator)
works in the company.

Inactive in daily work, provide consulting
assistance on property management issues.
Only one person (property manager) works
in the company.

Supports the organisation with expert
knowledge on aspects of ecology and sus-
tainable development. Engages in lobbying
and advocacy in the field of construction
and housing construction.

Responsible for the development of the real
estate portfolio and long-term planning and
strategy of the company in the Kyiv region.

Project Manager

Ecology and quality coordi-
nator

Responsible for all capital repair projects
from the early stages to the later stages in
the Kyiv region. Responsible for project
managers and reporting to the Real Estate
Manager.

Supports the organisation and implementa-
tion of internal procedures for environmen-
tal assessment tools and related issues.

Project Manager of Redevel-
opment

Environmental coordinator

Responsible for some major renovation
projects from early stages to follow-up in
central Ukraine

Supports the organisation with expert
knowledge of environmental aspects. To-
gether with the project manager and the
construction manager, responsible for the
long-term planning and strategy of the
company.

A large public company
(operating in a growth
market)

Project Manager

Together with the environmental coordina-
tor and the construction manager, he is re-
sponsible for the long-term planning and
strategy of the company. Responsible for
project managers of the company.
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The interview was based on research that found that sustainable renovation
lacks simplified procedures, methods and checklists for addressing sustainability
aspects of renovation projects. The questions were developed and divided into
different categories. The categories represented different stages of the construc-
tion process and included questions about economic aspects and solutions in the
field of information and communication technologies. Most of the questions were
open-ended, as the aim was to gain an understanding of the challenges and oppor-
tunities in the ongoing reconstruction processes among the participating organi-
sations.

The presentation of the interview is divided into six sections, the first section
covering the economic aspects before the project and continuing to the follow-up
(sections below) and how some aspects of sustainable development are handled
at different stages.

Economic Aspects of Decision Making. Rental property owners first should
obtain the consent of tenants for holding events in different apartments, as well as
obtain the agreement of half of the tenants at least before holding events in the
public area of the building that will result in a rent increase. The rent increase is
based on the principle of utility value. The useful value is influenced by the floor,
size and general standard of the flat and building, and should also display the val-
ues of the flat from the tenant's perspective. However, routine maintenance has
not led to an increase in rental prices.

The interview shows that it is usually little or no funding for repairs, mod-
ernization or maintenance, despite public or private organisations. Every renova-
tion project must be financed by increasing rent and reducing operating prices,
leading to attempts to reduce prices. In the case of housing co-operatives, the sit-
uation is different: financial security is higher, as the housing co-operative usually
organises its finances according to the maintenance plan and does not adhere to
the aforementioned contract.

The next economic criterion that affects decisions about the actions to be
taken is the return on investment. Five of the six surveyed organisations have a
general necessary rate of return, while one organisation has a profit margin for
separate property. Profitability among participating organisations is usually 4-7%.
When assessing profitability, most participants mentioned that their organisation
used some kind of Life Cycle Cost (LCC) approach, but this is sustained by the
manager of the project and sometimes only simple payback time estimates are
used. One of the defined problems was the missing general guidance on the eco-
nomic evaluation that should be used. Within one organisation, different numbers
are used to evaluate profitability for one parameter (for example, the yearly in-
crease in prices for energy carriers). Usually, the manager of the project defines
what options apply, and this leads to completely different estimates of the same
indicator in similar projects.
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Property Management. With regard to maintenance plans, two organisations
use complex maintenance plans for facilities, but no one uses a framework of sus-
tainability. Two small organisations don’t have maintenance plans. The interview
demonstrates that because of their small size, managers of the facility are well
aware of the status of each construction project.

Three large organisations have common sustainability goals related to re-
newal. The rest three organisations stated that they did not have any overall sus-
tainable development goals. All three larger public companies have Environmen-
tal Management Systems (EMS) certified to DBN 14-001E. But the picture is
different for the general goals of sustainable development. Two of the three or-
ganisations with overall sustainability goals said their goal is to decrease demand
for energy by 20% during the renovation, the goal is based on the Ukrainian pro-
ject “Great Construction” for 2020. A third organisation stated that it aims to de-
crease the demand for energy by 50% during the renovation.

Observing and controlling the use of energy and water is also an important
starting point for preparing appropriate sustainable development goals and choos-
ing actions in the renovation process. Five of six organisations control the use of
energy in some way. Only one of six organizations regularly discuss the use of
energy with the manager of the property and the manager of energy. Neither or-
ganisation reports energy consumption in a level of detail but the general use of
energy for the heating season and consumption of electricity for building
operation. The water for domestic use is also measured as total consumption, but
if domestic hot water use is measured separately, this will be reported apart.

Research on the quality of the indoor environment at the stage of use is very
limited in the organisations under study. All three large companies regularly con-
duct customer satisfaction research, and only one company provides an investiga-
tion of the indoor environment (i.e., thermal and noise comfort). In addition, a
dissatisfied user can only file a complaint, which will then be considered.

Renovation Process in General. Most companies do not use models to man-
age the sustainability aspects of retrofit projects. Only one large organisation
stated that they have a common model for managing aspects of sustainability,
called an “environmental statement” and customized for each specific renovation
project. Additionally, another organisation stated that they managed the Law of
Ukraine “On Environmental Protection” (1264-12). Creation of environmental
programs and plans is rare among the participants, this is only done for large-scale
renovation projects. Interviews revealed that managers of the projects have a lim-
ited understanding of the use of the model to manage aspects of sustainability, do
not know when and how to decide on aspects of a renovation project, and they
don't always know exactly what to ask for.

New construction and reconstruction projects have minor organizational dif-
ferences. Large and medium-sized organisations have in-house project managers,
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while smaller companies use experts in these issues. The two organisations em-
ploy “renovation coordinators” to act as a liaison between the project team and
tenants and address issues and questions brought forward to tenants.

Building Inspection Stage. Before starting a renovation project, most re-
spondents assured that they would conduct a building inspection in case if they
had the required knowledge about the construction project before. But this review
is usually carried out at a common level and does not include a detailed analysis
of potential energy-saving measures, energy use or an assessment of indoor envi-
ronmental aspects e.g., noise, thermal comfort, daylight and humidity. In partici-
pating organisations, alternative activities (for example, replacement or repair of
windows) are usually evaluated using the LCC approach and experience from pre-
vious projects.

None of the surveyed organisations currently take into account greenhouse
gas emissions due to the use of non-environmental materials during renovation.
Four organisations expressed interest to start performing such estimations if they
will have a simple budget tool. Incorporating residents' opinions about a future
renovation project or involving residents in the process is a challenge that can
influence the result as well as residents' satisfaction with the renovation project.
The three organizations reported they hold joint meetings with tenants. The meet-
ings are generally held to share information about future projects, also tenants are
encouraged to utter their thoughts, which can influence decision-making to some
extent. None of the organisations conducts a survey of tenants before the start of
the renovation to establish, e.g., environmental problems in the premises that can
be solved during the renovation.

Follow-Up Stage. After the completed reconstruction process, a follow-up
period should begin to review the results of previous actions before proceeding
with the normal property management process. Surveys have shown that there is
very limited follow-up by participating organisations, although most participants
expressed that it’s important to have happy residents. Generally, the consumption
of energy is the only parameter controlled by every month's energy use data, while
indoor environmental aspects are not monitored. Three of the organisations stated
that they established sensors for measurements of the air temperature in a sam-
pling of rooms in several buildings, other aspects were not considered. Indoor
environmental quality is more than temperature, it can be defined by humidity, air
velocity, noise and light. The provided analysis indicates an inconsistency be-
tween the thoughts of residents about the level of thermal comfort and the air
temperature measured in the room.

Studies have shown that research organisations only carry out a thorough in-
vestigation of specific parameters when something goes wrong, for example, if
energy consumption is significantly higher than expected or if there are a lot of
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statements of dissatisfaction from inhabitants. Neither organisation uses any
measurements or surveys for monitoring indoor environmental quality.

2.1.2. A method of complex determination of the significance
of the criteria taking into account their quantitative and quali-
tative characteristics in the Case Study.

In order to design and implement an effective renovation of a building, it is nec-
essary to conduct a study of all the solutions that make it up. The level of effi-
ciency of the reconstruction of the building in question depends on many factors,
including: cost of reconstruction, payback period, durability, functionality,
maintenance properties, comfort, noise insulation and durability, etc. social

Criteria associated with a certain number of values; values are the details
behind each criterion. The following tables present the results of the data that were
gathered through literature analysis, research of existent assessment methodolo-
gies, interviews and focus group discussions, etc. Based on observations and a
review of the repair case, the addressed criteria were further revised and confirmed
with the participation of 10 residential property owners in 2020-2021. The reason
was to critically examine the resilience framework (which will be discussed in the
following sections) and to discuss the development of indicators based on collect-
ing information and reviewing the results for reconstruction cases prior to the gen-
eration of the latest version of the framework.

Reconstruction of a non-residential building for a residential building (see
Fig. 2.3). The building to be reconstructed is located at street Nizhniy Val, 31-A
in the Podilskyi district of Kyiv, in dense urban development, the urban structure
of the district within the Central historical area, in the zone of regulation of cate-
gory | buildings, in the archaeological protection zone, which is an integral part
of the memory of monuments and history of local significance “Historical land-
scape of the Kyiv mountains and valleys of the Dnieper River”, on the territory of
the archaeological monument of local significance “Cultural layer of the Podil IX-
XVIII centuries”.

The object of study — reconstruction of three floors of a brick building (out
of 8 floors) with an unambiguous mountain roof type with metal tiles with the
maximum public dimensions in terms of 46,940 x 9,400 m, which provides a sig-
nificant amount, performed by LLC “Engineering and Construction” in 2019. The
capital building, built before 1917, with load-bearing living and transverse brick
walls 750 mm thick (external) and 620 mm (internal), overlapping over the coco-
nut floor — monolithic on metal beams, over 1-3 floors wooden on wooden beams.
Partitions — brick.
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Fig 2.3. Facade A-E of the research building

The project provides for the exterior decoration of the house, installation of
metal-plastic windows, ventilation (air conditioners), water supply system, heat-
ing and roof tiles in accordance with the project task (see Annex B). The project
does not provide for the involvement or transfer of any structure located on the
design site, as well as the removal of existing greenery.

Ventilation. Ventilation of a residential building is accepted supply and ex-
haust with natural and mechanical motivation. The airflow into the house is dis-
organised, and natural due to the windows and valves of the brand S710 company
REHAU, located in the upper part of the plastic windows.
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To create and ensure parameters of the air environment in the building estab-
lished by the current norms, supply and exhaust ventilation is provided, with me-
chanical motivation. The capacity of ventilation systems is determined by the nor-
mative exchange of indoor air, as well as on a per capita basis. The project
provides for the possibility of installing outdoor air conditioning units. The air
ducts are made of galvanized sheet steel.

Next, the determination of significance, degree of usefulness and priority of
the renovated ventilation will be analyzed. The project of ventilation of the object:
“Construction of residential building” is developed based on the following initial
data: Architectural — construction drawings;

Current building codes and regulations:

— DBN B.2.5-67: 2013 “Heating, ventilation and air conditioning”
— Estimated winter temperature for heating and ventilation design — 22C;

— Estimated summer temperature for ventilation design +23C;
Estimated wind speed:

— in the warm season — 2.1 m/s

— in the cold season — 2.8 m/s.

Estimated air exchanges in general and auxiliary rooms — adopted according
to the normative multiplicity of air exchange, in premises with the allocation of
harmful air exchange is designed for their assimilation. The consumption of out-
door air in administrative rooms is calculated in accordance with DBN B.2.5-67:
2013. The air supply in the parking lot is expected to be concentrated in the drive-
way. Air removal is carried out equally from the lower and upper zone. Ventila-
tion equipment in the parking lot is installed in the ventilation chambers of the
basement. Excess of consumption of exhaust air over supply according to item
8.39, DBN B.2.3-15-2007 is provided.

In administrative rooms, it is envisaged to reduce the productivity of ventila-
tion systems to a single air exchange during non-working hours in order to save
energy resources. Air ducts of supply and exhaust systems are laid hidden in ven-
tilation shafts and behind architectural constructions. Air ducts are designed from
galvanized steel according to GOST 19904-74 * and density class according to
DBN B.2.5-67-2013.

Exhaust emissions are carried out in architectural mines. The bottom of the
holes in the architectural mines is 1.0 m from the roof level of the building. The
air intake is carried out at a height of 2.0 m from ground level and the distance
from the air intake to the air outlet is not less than 8.0 m.

To reduce the noise of ventilation systems, the following measures are pro-
vided:

— Installation of pumps and fans on vibration-insulating bases.
— Connection of fans and air ducts on flexible inserts.
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— Installation of mufflers.

The initial weights of the quantitative criteria are determined by expert meth-
ods. Respondents indicated the weights of the criteria. Then the completed ques-
tionnaires were processed and the reliability of the expertise was determined by
calculating the concordance coefficient, which shows the compatibility of the ex-
perts' assessments. Applying the formula of the complex method of determining
the weights of the criteria, the weight coefficients of the quantitative and qualita-
tive criteria relating to the alternatives of the maintenance contractor were deter-
mined. As demonstrated in Table 2.2, the most important criteria are the follow-
ing: total price (g1 = 0.6000); guarantee period (gs = 0.0382); level of noise (g11 =
0.0476); etc.

Table 2.2. Complex determination of the significance of the criteria for ventilation alter-
natives (considering quantitative and qualitative characteristics)

Numerical values of criteria Determination of
Criteria | Measur- Ulti-
under | ing units |* Initial Tolt_al Total mate
evaluation of criteria = 1 2 3 4 5 weights, dualita- monetary ;e
i tive crite- | expres- ;
pi : - of crite-
ria, Si sion, P; -
ria, gi
1 2 3 4 5 6 7 8 9 10 11 12

Quantitative criteria

Price Eur |-| 47900 36700 28650 29430 31400 09 | 174080.9 156672.8 0.6000
Payback | veus _ 10 10 23 | 20 | 25 | 843 931 784833 | 0.0391
period
G:er?géee Years + 10 | 10 | 10 = 10 = 20 1104 1164 1285056 | 0.0382
Durability ~ Years — 50 = 50 55 | 40 | 50 @ 228 473 107844  0.0282
Durationof p.0c_ 99 90 90 | 9 | 90 84 534 44856 | 0.0321
works
Qualitative criteria V = 2379262
Heat con-
sumption |\, 650000 630000 644000 635000 635000  — - - 0.0452
for ventila-
tion
Reliability Cycles - 1000 1000 1000 1000 1000 = — - - 0.0277
Reliability  Cycles — 1000 = 1000 1000 = 1000 @ 1000  — - - 0.0277
Specific
power (ac- W/m2 |+ 501 542 518 53 | 55 - - - 0.0324
tual)
Power con-
sumption | W/m2 - 9 89 75 9 7 - - - 0.0379

(from)
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End of the Table 2.2

1 2 3 4 5 6 7 8 9 10 11 12
Minimum
total air
conump. | M3+ 260 | 260 | 255 265 260 - - - 0.0331
tion
Level of B8 |+ 26 | 26 24 | 25 | 30 - - - 0.0476
noise
Ma:ufges' Pa |+ 9280 9100 @ 9325 | 9428 8300 @ — - - 0.0385

* The sign Zj (+ (-)) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the
stakeholder.

When the list of criteria is compiled and their initial weights and values are
calculated and presented as a matrix, can be calculated the actual weights of the
criteria.

Step 1: Calculation of the sum of values for each quantitative criterion using:

n
SJ :lelj’ i:11211t1 J:1,2,,n, (1)
j=

where: xjj — the value of the i-th criterion in the j-th alternative; t — the number of
quantitative criteria; n — the number of compared alternatives.

Step 2: The general monetary expression of each quantitative criterion de-
scribing the researched project is obtained by the expression:

PR=Sxp, i=12.1, )

where: p;i_the initial weight of the i-th criterion; p; must be measured so that after
multiplying by the quantitative value of the criterion, an equivalent monetary ex-
pression can be obtained.

According to the impact of quantitative criteria on the execution of alterna-
tive projects over time, quantitative criteria can be divided into:

— Short-term factors affecting the process/project only for a certain period,;

— Long-term factors affecting the process/project throughout its life cycle.

The initial weights of long-term criteria, such as the resources required for
ventilation and environmental protection, depend on the payback time of the
project and, in financial terms, on the evaluation of the monetary unit of
measurement of the criterion, which is:

p =ex fj, 3)

where: e — payback period of the project; fi — the monetary value of the unit of
measurement of the i-th criterion.



42 2. DEVELOPMENT OF A METHOD AND INTELLIGENT DECISION SUPPORT...

The initial weights of a separate criterion reflecting, e.g., the cost of a site or
the cost of services, are equal in financial terms to the monetary expression of the
unit of measure of the criterion.

The physical content of the initial weight of the quantitative criterion shows
that the multiplication of the initial weight by the value of the quantitative criterion
gives its expression in monetary units, which is calculated throughout the entire
life cycle of the object.

p = f;. 4)

Step 3: The total amount of quantitative criteria of monetary expression is
determined by the formula:

t
V=>R, i=12..t (5)
i=1
Step 4: The final weights of the quantitative criteria describing the alterna-
tives are determined as follows:

R
=—, 1=12,..t. 6
1 Y I (6)

The total sum of weights of quantitative criteria is always equal to 1:
t
2.0 =1. (7
i=1

Step 5: To achieve consistency between the weights of quantitative and qual-
itative criteria, a standard value (E) is determined. E is equal to the sum of any
selected weights of quantitative criteria. One of the main requirements for this
standard value to be used in the comparison is that, according to its usefulness, it
should be easily comparable with all qualitative criteria. Weighting coefficients
of all qualitative criteria are determined by comparing their usefulness with a
standard value. The weight of the comparative standard value E is determined by

9
E=Y0,, ®)
z=1

where: g — number of quantitative criteria; g, — the weight of the z-th quantitative
criterion.

Step 6: The initial weight v; of a qualitative criterion is determined by expert
methods by comparing its relative importance with the importance E of the se-
lected standard. The relative weights of quality criteria should be expressed as a
percentage.
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Step 7: The weight of the i-th qualitative criterion is determined as follows:

Vi X E .
(o) 100 i=t+1,..,m. 9)

Determining the significance, usefulness and prioritization of renewed ven-
tilation (see steps 1-6) will be briefly analyzed as an example. The alternative
ventilation of five companies was analyzed according to 12 indicators (see Ta-
ble 2.2). The values of these criteria are different. For example, prices for building
repairs by five companies are offered within the range of EUR 28 650 to 47 900.

For a better understanding of the above facts, let's compare the third option
with the second. The cost of renovation ventilation in the second option is higher,
and the noise level of the second option is more profitable. The second option
differs from the third in that it has better quality characteristics (ie, specific power,
energy consumption, air consumption, noise level, etc.).

As can be seen from Table 2.3, the evaluation of the noise significance level
through automated calculations, it was obtained that gi; = 0.0476, which is 1.44
(12:012 = 0.0476:0.0385 = 1.24) times more significant for the stakeholder than
the maximum pressure of ventilation (significant, g = 0.0385). Calculations
showed that the main factors that affected the effectiveness of ventilation recon-
struction are: cost (weight, g1 = 0.6000), payback period (g2 = 0.0391), heat con-
sumption for ventilation (gs = 0.0452) etc. Determining the degree, significance
and priority of usefulness of alternatives is carried out in five stages.

Table 2.3. Development of ventilation alternatives

Criteria | Measuring Numerical values of criteria Ultimate
under unitsof | * weights of

evaluation criteria 1 2 3 4 5  criteria. g
1 2 3 4 5 6 7 8 9 10 11
Price Eur — | 47900 | 36700 28650 29430 31400 = 0.6000 = 174080 | 0.1256
Payback Years - 10 10 23 | 20 25 | 00391 8804 00111
period

Guarantee Years |+ 10 10 10 10 20 | 00382 | 60,04 | 0.0127
period

Durability Years |- 50 50 55 40 50 | 0.0282 | 24503 | 0.0046
Durationof ' po0e g0 | 90 | 90 90 90 | 00321 450,03 | 0.0064
works

Heat consump-

tion for venti- w + | 650000 | 630000 | 644000 | 635000 635000 0.0452 |3194000.05 0.0090
lation

Reliability | Cycles | — 1000 = 1000 1000 = 1000 = 1000 = 0.0277 | 5000.03 @ 0.0055
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End of Table 2.3

1 2 3 4 5 6 7 8 9 10 11

Specific power
(actual)
Power con-
sumption W/m?2 - 9 8,9 7,5 9 7 0.0379 41.44 0.0064

(from)

W/m? + | 50,1 54,2 | 51,83 53 55 0.0324 264.16 | 0.0067

Minimum total
air consump- mé/h +| 260 260 255 265 260 0.0331 1300.03 ' 0.0067
tion

Level of noise dB + | 26 26 24 25 30 0.0476 131.05 | 0.0109

Max pressure Pa + | 9280 | 9100 | 9325 | 9428 | 8300 &= 0.0385 | 45433.04 | 0.0070

* The sign z; (+ (-)) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the
stakeholder.

Step 1: The weighted normalized decision-making matrix D is formed. The
first formula is used for this purpose:

dy; =0.6000 x 47900 : (47900 + 36700 + 28650 + 29430 + 31400) = 0.1651;
dy, =0.1265; dy5 =0.0987; dy, =0.1014; djs=0.1082.

The significance value g; of the investigated criterion is proportionally dis-
tributed among all versions of ventilations a; according to their values x;. For in-
stance:

gg =0.00611+ 0.0066 + 0.0063 + 0.0066 + 0.0067 = 0.0331.

Step 2: Sums of weighted normalized indices describing the ji version are calcu-
lated. The sums are calculated according to the following formula:

m m — P
S,j=>dy, S j=2dy, i=lm j=1n;
i=1 i=1

S,1 =0.00637 +0.00918 +0.00611+ 0.00665 + 0.00924 + 0.00788 = 0.04543;
S_; =0.1651+0.00444 +0.00564 + 0.00642 + 0.00554 + 0.00844 = 0.19558.

Besides, the sums of “pluses™ S.j and “minuses” S_j of all alternative projects
are always, respectively, equal to all sums of the weights of maximising and min-
imising criteria.

Step 3: The relative importance Qj of each project aj is given by the following
formula (see Table 3.3):
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Q =0.04542+
0.19558(0.19558 + 0.1569 -+ 0.1342+ 0.1484 + 0.1399)
0.19558((0.19558/ 0.19558) + (0.19558/ 0.1569) + (0.19558 / 0.1342) + (0.19558 / 0.1349) + (0.19558/ 0.1435)

=0.1475.

Step 4: The greater the Qj, the higher the efficiency (priority) of the ventila-
tion alternatives. Qs> Q1> Q2> Qs> Q3 (0.1484 > 0.1475 > 0.1415 > 0.1399 >
0.1343). Table 2.4 shows that the fourth version is the best in terms of utility,
which is 100%. The first option was the second in priority and its degree of use-
fulness was equal to 97.66%.

Step 5: The sixth formula is used to calculate the degree of utility N;:

N1= (0.1475/0.1484) x 100% = 97.66%; N2 = 95.66%; N3 = 90.25%; Ns = 94.27%.

The results of a multiple criteria evaluation of five options for ventilation
renovation are shown in Table 2.4. The table shows that the fifth option is the best
in terms of usefulness, which is 100%.

Table 2.4. Ventilation renovation multiple criteria analysis results

o Measuring Numerical values of criteria Ultimate
Criteria under its of N iahts of
evaluation units o 1 2 4 weights o
criteria 3 5 criteria, g
1 2 3| 4 5 6 7 8 9
Price Eur ~| 01651 | 01265 | 0.0987 | 0.1014 | 0.1082 0.6
Payback period Years — | 0.0044 0.0044 0.0102 0.0089 0.0111 0.0391
Guarantee period Years |+ 00064 | 0.0064 | 00064 | 0.0064 | 0.0127 | 0.0382
Durability Years || 0.0056 | 0.0056 | 0.0062 | 0.0051 | 0.0056 | 0.0282
Durability Years  — 00056 @ 0.0056 0.0062 = 0.0051 00056  0.0282
Duration of works Days ~ | 00064 = 00064 00064 00064 00064  0.0321
Heat consumption w + 00092 00089 00091 0009 0009 | 00452
for ventilation
Reliability Cycles  — 00055 00055 00055 00055 0.0055 0.0277
Specific power W/m?  +| 00061 = 00066 = 0.0063 @ 00066 00067  0.0324
(actual)
Powergg‘;’g;“)mp“c’” W/m?  — 00084 00083 0007 & 00075 00066  0.0379
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End of Table 2.4

1 2 3 4 5 6 7 8 9

Minimum total air
consumption

Level of noise dB + 0.0092 0.0092 0.0085 | 0.0099 | 0.0107 0.0476
Max pressure Pa + 0.0079 0.0077 0.0079 | 0.0079 0.007 0.0385

The sums of
weighted normal-
ized maximizing 0.0454 0.0455 0.0447 | 0.0466 = 0.0528

indices of the

windows, S.;

The sums of
weighted normal-
ized minimizing in- 0.1956 0.1569 0.1342 0.1349 0.1435
dices of the win-
dows, S

Ventilation signifi-
cance, Q;

méh +  0.0067 0.0066 0.0065 | 0.0066 & 0.0066 0.0331

0.1475 0.1415 0.1343 0.1484 0.1399

97.66% | 95.66% | 90.25% 100% 94.27%
* The sign z; (+ (-)) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the
stakeholder.

A multi-criteria analysis of decisions to renew windows, heating, roofing and
water supply systems was carried out in the same way as for ventilation. Next, the
first five stages were repeated until the importance, usefulness and priority of all
elements of the building renovation were assessed.

Water supply system. The whole water supply system is mounted from steel
enamelled pipes according to TU U 7308692-001-93, galvanized water and gas
pipes according to GOST 3262-75 *, and plastic pipes for drinking water. Internal
piping is supposed to be hidden. A hot water supply is provided from the heating
point located in the basement. The water temperature in the hot water supply sys-
tem is 55 °C.

Heating. Estimated indoor air temperatures are taken in accordance with
building rules and regulations. The heat carrier for heating systems is hot water
with parameters Tp =90C; Tz = 70C. The heating system is designed horizontally,
made of metal-polymer pipes KAN-therm. Kermi steel panel radiators with a
lower connection (H =500 mm) and KAN-therm radiators with a side connection
of H = 500 mm are used as heaters. Heating devices are equipped with thermo-
static valves and Mayevsky's taps. In assisted areas (heating station, pumping sta-
tions and shield) take heaters with smooth steel pipes.

Main pipelines and vertical risers of the heating system are provided from
steel water and gas pipes according to GOST 3262-75 * and steel electric welded
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pipes according to GOST 10704-92. The main pipelines of heating systems are
laid with a slope of i = 0.002 along the technical corridor of the basement. Heating
area of the building F, = 2771 m?; the heating volume of the building Vi = 7369 m*
(see Fig. 2.4 a—b).
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a) Plan at the mark of 2.900

b) Fragment of a section

Fig. 2.4 (a-b). Scheme of heating systems

Windows. Window constructions (windows, balcony doors — see Fig. 2.5) are
made of PVC profiles with filling with double-glazed windows with energy-sav-
ing coating on the inner glass (4i-10-4M 1 -10-4i). The area of translucent struc-
tures meets the standards of natural light in accordance with DBN B.2.5-28. The
insolation mode of apartments meets the requirements of DSP 173-96. Moreover,
the inflow of excess solar radiation in the hot period of the year is minimized in
accordance with DSTU — N B B.2.2 27: 2010. Window filling — metal-plastic
(two-chamber) windows, imposts and frames — colored, energy-saving glass 4mm
IMO, with masking (sun protection) film type Llumar. The total area of window
structures F = 381m? (314m? in window structures +67m? balcony doors); the di-
mensions of the windows are 1.5 m x 0.92 m; door area — 1.2m x 2.5m.
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Fig. 2.5. Window plan of the research building

Roof. The roof of the house is designed mansard, a single-slope of metal
structures, insulated with mineral wool slabs on a basalt basis, the roof is metal,
roofing material. The mansard is single-sloped. Slope towards the main facade.
The slope is formed by metal rafters, located with an average step of 1.2 m. The
rafters rest at one end on the reinforced slab floor of the 5th floor, and the other
end on the reinforced concrete slab. At the ends of the rafters are attached (welded)
to the embedded parts of the floor slab of the 5th floor and the floor slab (see
Fig. 2.6).

For the renovation of the roof were applied materials that have indicators of
fire safety G1 (fire-resistant), RP1 (do not extend a flame on a surface), and B1
(fire-resistant). In places of difference of heights of a roof more than 1,0m external
fire ladders are provided, the protection on a roof corresponds to parameters of
item 6.13 DBN B.1.1-7-2002. On the roof of the building should be installed gut-
ters with leaf traps and electric heating from the network 230V, power 10-30 W,
by HL (Austria). Pipes of internal drains are laid hidden.
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The total coverage area of the combined — Froorr = 259 m? and pitched roof
Froofz = 226 m2.

When performing calculations according to DBN V.1.2-2: 2006 “Loads and
impacts” the following characteristic loads are accepted:

— snow load for the 5th district by weight of snow cover — 1600 Pa.

— wind load for 1 district from wind pressure — 400 Pa.
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Fig. 2.6. Roof plan of the research building

As in the example of renovation of ventilation, after a multi-criteria analysis
of the components of the reconstruction project (water supply, heating, ventila-
tion, windows and roof systems) and selection of the most effective options (see
Table 2.5), compatible and rational reconstruction components were combined
into alternatives. By performing a multi-variant design and multi-criteria analysis
of the building reconstruction in this way, it is possible to choose the most effec-
tive alternatives.

After passing all the stages, a summary decision-making table of all options
for the reconstruction of the building was obtained. Prepared options for building
reconstruction are evaluated according to various requirements. A version that
does not meet these requirements will be deleted and not considered.

According to the case study of the project the water supply system, heating,
ventilation, windows and roof had to be renovated in the building. For water sup-
ply systems were compared next companies: “Teplosoft” Ukraine (1), “Wilo
pumpen intelligenz” Korea (2), “Grundfos” Denmark (3), “HP-trend s.r.0.” Czech
Republic (4) and “Gross” Ukraine (5). For heating were chosen “KAN-therm” EU
(1), “HENCO” Belgium (2), “Global di fardelli ottorino & co” Italy (3), “Hi-
Therm” Italy (4) and “Reflex winkelmann GmbH” Germany (5). For ventilation:
“Danfoss” Denmark (1), “KERMI” Germany (2), “BT-Service” Ukraine (3),
“VIKMA LTD” Ukraine (4) and “Bentc” Ukraine (5). For windows renovation
was provided by Schiico Corona SI 82 Germany (1), Veka Euroline Germany (2),
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WDS 400 Ukraine (3), Rehau Euro Design 70 Germany (4) and Rehau S710 Ger-
many (5). For roof renovation were considered next types of metal tile “Ferrogal”
China (1), metal tile “Modern 25 USS” Slovakia (2), metal tile “Thyssen krupp”
Germany (3), slate roofing “IFCEM AT” Ukraine (4) and bituminous tile “Dé6cke”
Germany (5). Further, all components were analysed in brief as an example.

Table 2.5. Comparison of tile types

Metal tile Ferrogal
(China)+B2:F7

Metal tile Modern
25 USS (Slovakia)

Metal tile Thyssen
krupp (Germany)

Slate roofing
IFCEM AT
(Ukraine)

Bituminous tile Do-
cke (Germany)

Ferrogal is a classic
metal tile that is
easy to fix. Type of
coverage (mat,
gloss,pural mat)
they are currently
available in 8 colors
and all tiles are
coated with a spe-
cial layer to ensure
durability. The con-
tent of zinc, affects
the resistance to
corrosion (from
60 g m?). Tile width
1200 mm, height
350 mm, suitable
raking spacing:
320-375 mm. Price

Metal tile Modern
25, manufacturer
USS is a metal tile
that is easy to fix. It
goes in 8 colors and
all tiles are coated
with a special layer
to ensure durability.
The content of zinc,
affects the re-
sistance to corrosion
(140 g/m?). Tile
width 1195 mm,
height 350 mm,
suitable raking spac-
ing: 340-380 mm.
Price 10-13 Eur/m?.
The number of tiles
in the package is

Metal tile Thyssen
krupp is a metal tile
that is easy to fix. It
goes in 8 colors and

all tiles are coated
with a special layer
to ensure durability
The content of zinc,

affects the re-
sistance to corrosion
(300 g/m?). Tile
width 1210 mm,
height 350 mm,
suitable raking spac-

ing: 350-380 mm.
Price 12-16 Eur/m?,
The number of tiles

in the package is
5 pcs. Weight

Slate roofing
IFCEM AT 8-sided
is a durable and
rigid sheet of not
flammable roofing
material that re-
duces noise effects
and has low thermal
conductivity. It also
provides safety with
its protection from
radioactive and
electromagnetic ra-
diation. Having a
special hardness,
slate can withstand
significant loads, re-
sistant to severe
frosts and sudden

Bituminous tile D6-
cke provides
strength, and dura-
bility of the material
due to its use in the
production of high-
strength fiberglass,
SBS modified bitu-
men. Available in 5
colors. Tile width
1000 mm, height
318 mm, Tensile
strength in the trans-
verse direction less
than 400 N; the ten-
sile force in the lon-
gitudinal direction is
less than 600 N.
Price 7-8 Eur/m?.

8-12 Eur/m?. The 8 pcs. Weight 4,0 kg/pc. Weight temperature The number of tiles
number of tiles in 4,4 kg/pc. Weight per square meter changes. Size in the package is
the package is 6 pcs. |  per square meter 47 kg/m?, 1750x1130x5.8mm, 3 m2. Weight of
Weight 4.2 kg/pc. 49 kg/m?, grey color Weight pack 28,2 kg.
Weight per square 25 kg/pc. Price
meter 45 kg/m?. 4 Eur/pc.
ANl S EEEEEEE EEEEEEEE L F§ ]

artbudtrad-

ing.com.ua

artbudtrad-

ing.com.ua

artbudtrad-
ing.com.ua

epicentrk.ua

vnk.kiev.ua/brand/
docke
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Table 2.6. Decision-making matrix of components

Cg&gﬁi ggger lm?tassgfi??_ . Numerical values of criteria erlitg;rr:lztgf
teria 1 2 3 4 5 criteria, qi
1 2 3 4 5 6 7 8 9
Price Eur/m? - | 2300 2750 1790 2060 2400 0.6000
Payback period Years - 15 10 12 10 10 0.0295
Guarantee period Years + 20 25 20 25 25 0.0275
Durability Years - 30 30 35 30 35 0.0286
Duration of works Days - 60 60 60 60 60 0.0258
Water pressure PSI + 65 50 65 70 60 0.0308
N”mbga‘gifof]‘;mpmg 13 12 10 10 15 0.0363
Number fifnggnduaion WK | + | 4 2 5 3 6 0.0362
Water resources with- % ~ | 014 | 05 | 05 | 064 | 05 0.0392
drawn
stmated Network PSI |+ | 341 | 262 | 341 | 270 | 250 0.0428
Total Treati;r;ent Capac- ms + 6.4 6 6.9 7 8 0.0371
Newigi)a;f‘;\’/‘\;fpapac' mis |+ | 64 6 55 5 7 0.0343
System reliability Cycles + 1000 1000 1000 1000 1000 0.0319
Price Eur/m? - 330 325 334 340 335 0.6000
Payback period Years - 25 30 25 25 20 0.0253
Guarantee period Years + 10 10 10 10 10 0.0281
Durability Years - 50 45 45 40 40 0.0311
Duration of works Days - 60 60 60 60 60 0.0264
Lower connection mm + 500 450 450 500 500 0.0275
Boiler efficiency % + 92 96 90 94 92 0.0335
Calorific value of gas | kW*h/m® | + 8.83 8.6 8.75 8.8 8.9 0.0329
The average amount of m? —| 3051 | 2940 | 3050 | 3130 | 3010 0.0382
gas per year
Approgmate heatloss | qw |+ | 1 9 10 12 11 0.0375
Pressure regulator (di- + 15 2 075 15 2 0.0325
ameter)

Boiler pressure bar + 1.7 0.75 15 15 1.8 0.0314
Boiler pressure bar + 1.7 0.75 15 15 1.8 0.0314
Max capacity I/h + 375 375 150 375 940 0.0265
Reliability Cycles + | 10000 1000 1000 10000 1000 0.0291
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Continued Table 2.6
1 2 |3 4 5 6 | 7 | 8 [ 9
Ventilation
Price Eur — | 47900 36700 28650 29430 31400 0.6000
Payback period Years - 10 10 23 20 25 0.0391
Guarantee period Years + 10 10 10 10 20 0.0382
Durability Years - 50 50 55 45 50 0.0282
Duration of works Days - 90 90 90 90 90 0.0321
Heat consumption w + | 650000 | 630000 | 644000 | 640000 | 635000 |  0.0452
for ventilation
Reliability Cycles — | 1000 1000 1000 1000 1000 0.0277
Spec'f'ﬁupacl’)wer @ | \wm2 |+| s01 | s42 | 5183 | 545 55 0.0324
Power consumption |y | _ | g 8,9 75 8 7 0.0379
(from)
Minimum total air m¥h | +| 260 | 260 | 255 | 260 | 260 0.0331
consumption
Level of noise dB + 26 26 24 28 30 0.0476
Max pressure Pa + 9280 9100 9325 9340 8300 0.0385
Windows
Price Eur — | 23100 | 20100 | 17900 | 17550 | 19050 0.6000
Payback period Years - 15 15 20 20 18 0.0259
Guarantee period Years + 10 5 5 10 12 0.0247
Durability Years - 35 30 50 40 35 0.0227
Duration of works Days - 60 60 60 60 60 0.0257
Maximum glass unit mm +| s2 32 32 42 52 0.0288
thickness
Number of the 3 6 3 4 5 5 00321
glazed pane
The thermal trans-
mission coefficient W/m2K + 1.15 0.65 0.82 0.77 1.12 0.0330
of the glazing unit
Energy saving glass mm - 2 4 3 2 4 0.0318
Air leakage, when
pressure difference mé¥m?h | + 0.2 0.15 0.18 0.13 0.2 0.0296
Dp =50 Pa
Parameter of noise dB + 47 44 42 44 48 0.0317
pollution
Condensation %RH | + | 100 90 85 95 100 0.0286
resistant
Waterproofness Pa + 600 400 400 550 550 0.0295
Light transmission
of a double-glazing % + 90 88 81 88 88 0.0278
unit
Reliability Cycles + | 10000 1000 1000 10000 1000 0.0281
Roof
Price Eur/m? - 10 11,5 14 4 7,5 0.6000
Price Eur/m2 - 10 115 14 4 75 0.6000
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End of the Table 2.6

1 2 3 4 5 6 7 8 9
Payback period Years - 15 15 20 20 18 0.0253
Guarantee period Years + 5 10 25 15 50 0.0232
Durability Years - 50 70 70 65 60 0.0381
Duration of works Days - 60 60 55 65 65 0.0371
The simplicity of
the construction - 4 3 5 3 5 0.0268
process
Tile width mm 1200 1195 1210 1750 1000 0.0339
Tile height mm + 350 350 350 1130 318 0.0339
Suitable raking mm | - | 3475 | 360 | 365 | 330 0 0.0338
spacing
Minimum roof pitch ° + 14 15 14 7 7 0.0396
Sheet thickness mm + 0.4 0.45 0.5 5.8 3.1 0.0354
Zinc content g/m? + 60 140 300 0 130 0.0356
Reliability Cycles + 60 60 100 60 60 0.0373

* The sign z; (+ (-)) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the

stakeholder.

The next step is to form the weighted normalized decision-making matrix
(previous steps formula 2 and Table 2.7).

Table 2.7. Building renovation multiple criteria analysis results

Criteria under Mjr?istl;r(;?g Numerical values of criteria Ultimate weights
evaluation criteria 1 2 3 4 5 of criteria. gi
1 2 4 5 6 7 8 9
Water supply system
Price Eur/m? 0.1221 | 0.1460 | 0.0950 | 0.1094 | 0.1274 0.6000
Payback period Years 0.0078 | 0.0052 | 0.0062 | 0.0052 | 0.0052 0.0295
Guarantee period Years 0.0048 | 0.0060 | 0.0048 | 0.0060 | 0.0060 0.0275
Durability Years 0.0054 | 0.0054 | 0.0063 | 0.0054 | 0.0063 0.0286
Duration of works Days 0.0052 | 0.0052 | 0.0052 | 0.0052 | 0.0052 0.0258
Water pressure PSI 0.0065 | 0.0050 | 0.0065 | 0.007 | 0.006 0.0308
Number of pumping 0.0079 | 0.0073 | 0.0061 | 0.0061 | 0.0091 0.0363
stations
N“m?i%'n"lf“fgs”duc' W/m?K 0.0072 | 0.0036 | 0.0091 | 0.0054 | 0.0109 0.0362
Water r?&ﬁ;ﬁes with- o, 0.0023 | 0.0098 | 0.0083 | 0.0106 | 0.0083 0.0392
Estimated Network PSI 0.0099 | 0.0076 | 0.0099 | 0.0078 | 0.0075 0.0428
Maximum Pressure
Total T;‘;itigem Ca | s 0.0069 | 0.0065 | 0.0075 | 0.0076 | 0.0087 0.0371
New Treatment Ca- 3
pacity per PWTP mé/s 0.0073 | 0.0069 | 0.0063 | 0.0057 | 0.0080 0.0343
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Continued Table 2.7
1 2 3 4 5 6 7 8 9
System reliability =~ Cycles | + 0.0064 = 0.0064 0.0064 = 0.0064 0.0064 0.0319
System reliability = Cycles | + 00064 = 00064 0.0064 @ 0.0064 0.0064 0.0319
The sums of weighted
nolrnrgallr:fﬁge?g?ltmz 01427 01715 01209 01357 @ 0.1523
windows, S-j
Waterci‘;‘lz!y&'gn'f" 01513 | 0.1420 | 0.1471 | 0.1434 | 0.1496
100% | 93.85% | 97.22% | 94.78% | 98.88%
Heating
Price Eu/m? | — | 01189 | 0.1172 | 0.1204 | 0.1226 | 0.1208 0.6000
Payback period Years | — | 0.0051 | 0.0061 | 0.0051 | 0.0051 | 0.0040 0.0253
Guarantee period Years + | 0.0056 | 0.0056 | 0.0056 | 0.0056 | 0.0056 0.0281
Durability Years | — | 0.0071 | 0.0064 | 0.0064 | 0.0057 | 0.0057 0.0311
Duration of works Days — | 0.0053 | 0.0053 | 0.0053 | 0.0053 | 0.0053 0.0264
Lower connection mm + | 0.0057 | 0.0052 | 0.0052 | 0.0057 | 0.0057 0.0275
Boiler efficiency % + | 0.0066 | 0.0069 | 0.0065 | 0.0068 | 0.0066 0.0335
Calorific value of gas| KW*h/m® | + | 0.0066 | 0.0064 | 0.0066 | 0.0066 | 0.0067 0.0329
Thgfa‘g’zgar?:r‘;’:a"r””t m? — | 0.0077 | 0.0074 | 0.0077 | 0.0079 | 0.0076 0.0382
'?‘gsgrg}"t?:foﬁes? KW |+ 0.0078 | 0.0064 | 0.0071 | 0.0085 | 0.0078 0.0375
Pressure regulator + | 0.0063 | 0.0084 | 0.0031 | 0.0063 | 0.0084 0.0325
(diameter)
Boiler pressure bar | + | 0.0074 | 0.0032 | 0.0065 | 0.0065 | 0.0078 0.0314
Max capacity I/ + | 0.0024 | 0.0024 | 0.0009 | 0.0024 | 0.0059 0.0265
Reliability Cycles | + | 0.0127 | 0.0013 | 0.0013 | 0.0127 | 0.0013 0.0291
The sums of weighted
normalized maximiz- 0.0611 | 0.0458 | 0.0428 | 0.061 | 0.0558
ing indices of the
windows, S+j
The sums of weighted
normalized maximiz- 0.1441 | 01423 | 0.1448 | 0.1465 | 0.1433
ing indices of the
windows, S-j
Heating ng”iﬁca”ce' 01379 | 0.1372 | 01341 | 0.1364 | 0.1298
100% | 99.49% | 97.24% | 98.91% | 94.13%
Ventilation
Price Eur | - | 01651 | 0.1265 | 0.0987 | 0.1014 | 0.1082 0.6000
Payback period Years | — | 0.0044 | 0.0044 | 0.0102 | 0.0089 | 0.0111 0.0301
Guarantee period Years + | 0.0064 | 0.0064 | 0.0064 | 0.0064 | 0.0127 0.0382
Durability Years | — | 0.0057 | 0.0056 | 0.0062 | 0.0051 | 0.0056 0.0282
Duration of works Days — | 0.0064 | 0.0064 | 0.0064 | 0.0064 | 0.0064 0.0321
Heat consumptionfor| |, | 50092 | 00089 | 0.0091 | 0.0090 | 0.0090 0.0452
ventilation
Reliability Cycles | — | 0.0055 | 0.0055 | 0.0055 | 0.0055 | 0.0055 0.0277
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Continued Table 2.7
1 2 4 5 6 7 8 9
Spec'f'ctupa‘;;"’er @ \yyme 0.0061 = 0.0066 | 0.0063 0.0066 | 0.0067 0.0324
Spec'f'ctupa(;;"’e’ @ \wm2 0.0061 = 0.0066 | 0.0063 0.0066 | 0.0067 0.0324
Power (‘}‘r’gﬁ%mp“"” W/m2 0.0084 00083 0007 00075 0.0066 0.0379
Minimum total air 3
consumption m3h 0.0067 = 0.0066 | 0.0065 0.0066 | 0.0066 0.0331
Level of noise dB 0.0092 | 0.0092 | 0.0085 | 0.0099 | 0.0107 0.0476
Max pressure Pa 0.0079 | 0.0077 | 0.0079 | 0.0079 | 0.0070 0.0385
The sums of weighted
normalized maximiz- 0.0454 | 0.0455 | 0.0447 | 0.0466 | 0.0528
ing indices of the
windows, S+j
The sums of weighted
normalized maximiz- 0.1956 | 0.1569 | 0.1342 | 0.1349 | 0.1435
ing indices of the
windows, S-j
Ventilation signifi- 0.1475 | 0.1415 | 0.1343 | 0.1484 | 0.1399
cance, Qj
97.66% | 95.66% | 90.25% | 100% | 94.27%
Windows
Price Eur 01419 | 0.1234 | 0.1099 | 0.1078 | 0.117 0.6000
Payback period Years 0.0044 | 0.0044 | 0.0059 | 0.0059 | 0.0053 0.0259
Guarantee period Years 0.0059 | 0.0029 | 0.0029 | 0.0059 | 0.0071 0.0247
Durability Years 0.0042 | 0.0036 | 0.0060 | 0.0048 | 0.0042 0.0227
Duration of works | Days 0.0051 | 0.0051 | 0.0051 | 0.0051 | 0.0051 0.0257
Maximum glass unit | 0.0071 | 0.0044 | 0.0044 | 0.0058 | 0.0071 0.0288
thickness
N”mbegz r?; glazed 0.0084 | 0.0042 | 0.0056 | 0.007 | 0.007 0.0321
Thermal transmission
coefficient of glazing | W/m2K 0.0084 | 0.0048 | 0.0060 | 0.0056 | 0.0082 0.033
unit
Number of sealing 0.0042 | 0.0085 | 0.0064 | 0.0042 | 0.0085 0.0318
circuits
Air leakage, when
pressure difference | m®/m?h 0.0069 | 0.0052 | 0.0062 | 0.0045 | 0.0069 0.0296
Dp =50 Pa
Parameter of noise dB 0.0066 | 0.0062 | 0.0059 | 0.0062 | 0.0068 0.0317
pollution
C°”d§i’;ig;'t°” re- %RH 0.0061 | 0.0055 | 0.0052 | 0.0058 | 0.0061 0.0286
Waterproofness Pa 0.0042 | 0.0028 | 0.0028 | 0.0039 | 0.0039 0.0295
Light transmission of
double.glazing unit % 0.0058 | 0.0056 | 0.0052 | 0.0056 | 0.0056 0.0278
Reliability Cycles 0.0122 | 0.0012 | 0.0012 | 0.0122 | 0.0012 0.0281
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End of the Table 2.7

1 2 3 4 5 6 7 8 9
The sums of weighted
normalized maximiz- 00354 0.0301 00288 00329 0.0392
ing indices of the
windows, S+j
The sums of weighted
normalized maximiz- 00354 0.0301 0.0288 | 0.0329 0.0392
ing indices of the
windows, S+j
The sums of weighted
normalized maximiz- 01729 01457 01384 01343 0.1487
ing indices of the
windows, S-j
Windows signifi- 01463 | 0.1433 | 0.1352 0.1384 | 0.1498
cance, Qj
|| 97.66% | 95.66% | 90.25% | 92.34% | 100% |
Roof
Price Eurm? | — | 0.1276 | 0.1468 | 0.1787 | 0.0510 | 0.0957 0.6000
Payback period Years | — | 0.0043 | 0.0043 | 0.0058 | 0.0058 | 0.0052 0.0253
Guarantee period Years + | 0.0011 | 0.0022 | 0.0055 | 0.0033 | 0.0111 0.0232
Durability Years | — | 0.0060 | 0.0085 | 0.0085 | 0.0078 | 0.0073 0.0381
Duration of works Days — | 0.0073 | 0.0073 | 0.0067 | 0.0079 | 0.0079 0.0371
The simplicity of the ~ | 00053 | 0.0040 | 0.0067 | 0.0040 | 0.0067 0.0268
construction process
Tile width mm | + | 0.0064 | 0.0064 | 0.0065 | 0.0093 | 0.0053 0.0339
Tile height mm | + | 0.0047 | 0.0047 | 0.0047 | 0.0153 | 0.0043 0.0339
Suitable Eﬁz'”g SPC | m |~ | 00084 | 0.0087 | 0.0087 | 00079 | 0 0.0338
Minimum roof pitch ° +| 00097 | 00104 | 0.0097 | 0.0049 | 0.0049 0.0396
Sheet thickness mm | + | 00014 | 0.0016 | 0.0017 | 0.0200 | 0.0107 0.0354
Zinc content g/m? | + | 0.0034 | 0.0079 | 0.0170 0 0.0073 0.0356
Reliability Cycles | + | 0.0067 | 0.0066 | 0.0109 | 0.0066 | 0.0066 0.0373
The sums of weighted
normalized maximiz- 0.0333 | 0.0398 | 0.0561 | 0.0595 | 0.0502
ing indices of the
windows, S+j
The sums of weighted
normalized maximiz-
ing indices of the 0.1590 | 0.1796 | 0.2151 | 0.0845 | 0.1228
windows, S-j
Roof significance, Qj 01918 | 0.2177 | 0.1923 | 0.1874 | 0.1907
80.10% | 100% | 88.33% | 86.08% | 87.59%

* The sign z; (+ (-)) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the
stakeholder.

A complex multi-criteria analysis of building reconstruction was carried out
based on the five best solution options (see Table 2.8), which were selected sepa-
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rately for different components. For instance, renovation of heating systems ver-
sions with the highest priority respectively 1, 2, 4, 3 and 5; while those dealing
with the roof renovation are 2, 1, 3, 5 and 4.

Table 2.8. Development of alternative options for the reconstruction of buildings based
on alternative solutions

The solution considered for renovation Priority of versions
Water supply system 1 5 3 4 2
Heating 1 2 4 3 5
Ventilation 4 1 2 5 3
Windows 5 1 2 4 3
Roofs 2 1 3 5 4

For the renovation of the building chosen next components: water supply
system by “Tep-losoft” Ukraine (1); heating “KAN-therm” EU (1); ventilation
“VIKMA LTD” Ukraine (4); windows Rehau S710 Germany (5) and roof reno-
vating with metal tile “Modern 25 USS” Slovakia (2).

2.2. Method for Sustainable Renovation of a Built
Environment Using Automatic Emotion Recognition

Automatic Emotion Recognition (AEE) is an important issue in a variety of in-
dustries that use human emotional responses as a signal for technical equipment,
human-robot interaction and marketing. Products that enhance positive consumer
emotions can stimulate purchasing behavior. The following emotional effects can
also influence consumers' feelings and perceptions. Additionally, in structured
qualitative interviews, physiological cues can be used to understand consumer
emotions. For construction companies important to understand the emotions of
customers and the reasons behind them in order to build an emotional connection
between the customer and the product and create consumer demands.

In this part, an emotion recognition experiment was conducted to understand
participants emotional reactions toward the construction project. First of all, need
to be prepared neuro decision-making matrix and initial data for the correlation
analysis, considering the emotional and physiological state of stakeholders of dif-
ferent gender groups and ages. The presented matrix consists of three criteria:

— Criteria for defining a green and energy-efficient construction project.
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—  Criteria for defining local air pollution (CO, NOz, PM1o, PM_5) and level
of noise (see table 2.9).
— Criteria for participants depersonalized emotional and physiological

states across the examined site, including states of sadness, happiness,
fear, anger, disgust, surprise, valence and heart rate variability.

Table 2.9. Data on the air and noise pollution measurements at the examined location in
Ukrainian

Site of the measure- Particulate mat- | Particulate mat-
ments and their CO, ppm | Noise, dB ter (PMyp), ter (PMys), NO,, ppb
number mg/m?® mg/m?®
Allowable values
4.4 30-40 20 12 53
Nyzhniy Val 31-A in
the Podilskyi district 0.7 41 27.00 36.45 56.38
of Kyiv

According to the Ukrainian State Sanitary Norms, the daily limit value of particulate matter PMzs (20 mg/m3), PM1o (20 mg/m?),
CO (4,4 ppm) and NO: (53ppb) should not be exceeded for more than 35 days per year. The nose in residential premises must
not exceed 40 dB during the day and 30 dB at night according to Law: Order No. 463 of 22 February 2019 on the Adoption of
the State Sanitary Norms for the Noise Impact for Residential and Public Premises and in Residential Areas. The data are taken
from the open data source https://www.saveecobot.com/maps#14/50.3535/30.8966/pm25/

The selected site in Ukraine was the location used for the multi-criteria anal-
ysis in the green and energy-efficient renovation project. Gathered data from this
site were used to compare the results conducted by this study and similar studies
of other world authors. In this case study, measurements of pollution, physiolog-
ical indicators of the crowd by age and gender groups, emotional (happiness, sad-
ness, anger, etc.) and physiological (heart rate variability) states of the participants
were carried out from September 2020 until September 2021 using biometric
methods and technologies.

The hardware subsystem for physiological and emotional states includes Fac-
eReader 7.1 with an optional remote photoplethysmography module, the X4M200
breath sensor, the FLIP A35SC infrared camera, and the 720p FaceTime HD cam-
era in the MacBook Air 2018. FaceReader is software for automatically analyzing
facial expressions and is adapted to recognize participants' emotions. In the mean-
time, participants' self-reports were collected for comparison with those elicited
by viewing the sample data. The software is based on artificial intelligence tools
which allow the detection of human reactions and subjective emotions based on
input videos or even images. In general, the output of the software takes the form
of a series of quantitative charts and data that can be used to interpret underlying
emotional states. The above data was collected every second during the experi-
ment. The techniques of the devices mentioned during the study were used as well
as technology XeThru technology (Novelda, 2019) and Noldus Information Tech-
nology (2019). A model-based face modelling method — the Active Appearance
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Model, was used (2019). This model synthesizes an artificial face model by de-
scribing the location of 500 facial key points along with the facial texture of the
area that these points entangle. In addition, the Facial Action Coding System
(1978), the Method of Automatic Facial Expression Recognition (2005) and the
Participant and Continuous calibration methods found in FaceReader (2019) were
used.

Each set of equipment has certain requirements:

— High-speed Internet access of at least 600 MBY/s is required. 50 GB/s
download speed required. Also, there must be a static external IP address.

— Network connection must be enabled.

— Identification of all optimal sites being analyzed is required. Depersonal-
ized, emotional and physiological states of the participants should be
taken from a distance of 50 cm.

Results: (1) participants express significant emotional differences in neutral,
happy, sad, disgust and surprise states regarding the construction project (see Fig-
ure 2.7). (2) Participants had higher positive ratings for the building design. (3)
Three-dimensional drawings could inspire participants to come up with more rel-
evant ideas. In addition, the following limitations and precautions have been sum-
marized when using FaceReader under experimental conditions. (1) When partic-
ipants viewed static data, the statistical significance of negative emotions may
have been lower.

High Positive Affect
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\ sa + diseust /
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Low Positive Affect

Fig. 2.7. Emotion model for the reconstruction project using
Russel’s circumplex model (created by author)
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(2) FaceReader recognizes neutral facial expressions as sadness. This study
can be useful for researchers who use the evaluation and analysis of human emo-
tions when there is a need to choose an appropriate method for their purposes or
to find alternative solutions. This approach provides a preferred foundation for
researchers and designers in their respective areas of the construction industry and
marketing. The results of this study present applicable methods for each type of
emotion and their intensity and suggest their classification. A classification of
emotion sensors is presented to reveal the scope and expected results of each
method, with their limitations.

Emotions are triggered by many factors, like judging an unexpected situation,
making a decision, talking about past emotional experiences, or observing another
person's emotional reactions. Friesen and Ekman (1978) proposed the main emo-
tions that are common to all people: happy, sad, angry, fear, surprise, and disgust.
Emotional experience is caused by the interaction of physiological arousal and
associated cognitions related to situational determinants or cues. Facial expression
plays an important role in reflecting changes in emotional states. When a unique
facial feature is recognized as a particular emotion, it expresses that person's feel-
ings and provides social information.

Additionally, to the reference “neutral” state, standard classification per-
formed by the software includes baseline definitions for individual states (total
N = 6) targeting “sad”, “happy”, “disgusted”, “fearful”, “surprised” and “angry”.
From a practical point of view, the software offers an instant rating of action units
(from 0 to 1) for all these measured emotions. Another useful feedback can be
obtained by quantifying baseline parameters such as arousal, valence, the orienta-
tion of the head, gaze direction, heart rate variability (based on remote skin con-
ductance analysis) and several additional personal characteristics of the partici-
pants (such as age, gender, beard or presence of glasses).

2.2.1. Method of Experimental Procedure

Step 0: first it is necessary to recruit participants.

Step 1: the research method used for this study consists of qualitative inter-
views conducted in a semi-structured manner to obtain an overview (A-F in
Table 2.1, Section 2.1) and analysis of facial expressions to identify seven emo-
tional states.

Step 2: virtual experimental analysis is based on the study of human behavior
in reconstruction scenarios and considers facial expression analysis. For this, Fac-
eReaderTM automatic facial expression recognition software (version 8, Noldus
Information Technology bv, Wageningen, The Netherlands, 2013) was used to
support the quantitative analysis of the experimental measurements. The partici-
pants were seated in a room, the survey was conducted from 8 amto 1 pm. A 720p
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FaceTime HD camera in the 2018 MacBook Air was used for video recording of
emotional expressions. Two dimmable panel lamps of 110 W each were used for
optimizing lighting conditions. During filming, the participants sat on a chair, and
the camera was located at a distance of 50 cm from them.

Step 3: the analysis after processing the experimental measurements with
Step 2 was partly based on the automatic software analysis and improved. Detailed
comparative results are presented. As shown, the results of the proposed method-
ology indicate that when designing building structures, subjective parameters can
be used, which should be taken into account in the overall design process.

The procedure of the experiment is as follows: the participant viewed a set
of images of a building, illustrations, diagrams, a matrix of alternatives, etc. Par-
ticipants have to make some decisions about certain situations they are shown, in
which some offers they can accept or reject. In addition, the participants were told
that the proposed solutions relate to the following different contexts: economic
aspects, simplicity of the construction process, durability of materials, guarantee
period and aesthetic appearance, etc. The participants were instructed to verbalize
their feelings in qualitative interviews. Only one participant could take part in the
experiment at a time. The duration of the experiment was analyzed and recorded
using FaceReader to obtain numerical values. The maximum numerical value for
each emotion and each participant was extracted to determine emotional differ-
ences from renovation projects.

Were collected 226 810 valid samples after excluding invalid ones, with
22 890 data in all (249 700 data from viewing the samples by 10 experts). Data
on the physiological and emotional states, arousal and valence of experts were
accumulated. Table 2.10 shows the summary results of these measurements.
States of happiness, sadness, anger, etc. were evaluated with points from 0 to 1.
The emotion with the highest rating is dominant.

Table 2.10. Data of facially recognized emations

SUrpri- g ared P1S9YS°\alence Arousal Gender Mouth 6Tt Right
sed ted Eye Eye
0.9016 1 0.0009 | 0.0077 | 0.0398 | 0.0560 | 0.0921 | 0.0053 |-0.0912| 0.2475 Female Closed | Open & Open

0.9016 | 0.0009 | 0.0077 | 0.0398 0.0560  0.0921 0.0053 |-0.0912| 0.2475 | Female | Closed | Open | Open

Neutral Happy | Sad | Angry

0.9018 | 0.0009 | 0.0077 | 0.0398  0.0563  0.0921 0.0053 |-0.0912| 0.2475 | Female | Closed | Open | Open
0.9024 | 0.0009 | 0.0076 | 0.0395 0.0570  0.0917  0.0052 |-0.0908| 0.2475 | Female | Closed | Open | Open

0.9031 | 0.0009  0.0075 | 0.0391  0.0575 | 0.0915 | 0.0051 |-0.0906| 0.2475 Female  Closed | Open | Open

0.9041 | 0.0009 | 0.0073 | 0.0386 ' 0.0579  0.0910 0.0051 |-0.0901| 0.2475 | Female | Closed | Open | Open
0.9052 | 0.0009 | 0.0072 | 0.0382  0.0580  0.0905  0.0049 |-0.0895| 0.2475 | Female | Closed | Open | Open

0.9063 | 0.0009  0.0071 | 0.0378  0.0582 | 0.0898 | 0.0048 |-0.0888| 0.2475 Female Closed | Open | Open
0.9074 | 0.0009 | 0.0071 | 0.0374 0.0582  0.0889 0.0047 |-0.0879| 0.2475 | Female | Closed | Open | Open
0.9079 | 0.0010  0.0076 | 0.0373 | 0.0575 | 0.0870 | 0.0046 |-0.0860| 0.2475 Female Closed | Open | Open

0.9066 | 0.0010 | 0.0095 | 0.0371  0.0563  0.0844 0.0047 |-0.0833| 0.2475 | Female | Closed | Open | Open
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End of the Table 2.10

Surpri-/ o o red P1S9YS"\/alence Arousal Gender Mouth 6Tt | Right

Neutral Happy | Sad | Angry sed ted Eye Eye

0.9040 | 0.0011 | 0.0131 | 0.0369 0.0548 0.0812 0.0051 |-0.0800| 0.2475 | Female | Closed | Open | Open
0.9024 | 0.0012 | 0.0164 0.0368 | 0.0531 0.0778 | 0.0052 -0.0765| 0.2475 Female Closed Open | Open

0.9019 | 0.0014  0.0189 | 0.0367 | 0.0514 | 0.0744 | 0.0055 |-0.0730| 0.2475 Female  Closed | Open | Open
0.9023 | 0.0015 | 0.0209 | 0.0367 ' 0.0499 0.0713  0.0057 |-0.0698| 0.2475 | Female | Closed | Open | Open

0.9034 | 0.0016 1 0.0224 | 0.0367 | 0.0485 | 0.0686 | 0.0058 |-0.0669| 0.2475 Female  Closed | Open | Open

0.9053 | 0.0017 | 0.0234 | 0.0368 0.0472  0.0661 0.0059 |-0.0643| 0.2475 | Female | Closed | Open | Open
0.9076 | 0.0019 | 0.0239  0.0367 | 0.0460 0.0639 | 0.0059 -0.0621| 0.2475 Female Closed Open | Open

0.9102 | 0.0020 1 0.0241 | 0.0366 | 0.0449 | 0.0619 | 0.0059 |-0.0599| 0.2475 Female  Closed | Open | Open
0.9130 | 0.0020 | 0.0241 | 0.0363  0.0439  0.0604 0.0058 |-0.0583| 0.2475 | Female | Closed | Open | Open
0.9130 | 0.0020 | 0.0241 | 0.0363  0.0439  0.0604 0.0058 |-0.0583| 0.2475 | Female | Closed | Open | Open

0.9160 | 0.0021  0.0238 | 0.0359 | 0.0432 | 0.0591 | 0.0057 |-0.0569| 0.2475 Female  Closed | Open | Open
0.9190 | 0.0021 | 0.0233 | 0.0354 | 0.0424 | 0.0579 | 0.0055 |-0.0557| 0.2475 | Female | Closed | Open | Open

0.9221 1 0.0022 | 0.0226 | 0.0348 | 0.0419 | 0.0568 | 0.0053 |-0.0546| 0.2475 Female  Closed | Open | Open

0.9249 | 0.0022 | 0.0219 | 0.0342  0.0413  0.0561 0.0051 |-0.0539| 0.2475 | Female | Closed | Open | Open
0.9276 | 0.0022 | 0.0211 0.0336 | 0.0409 0.0558 | 0.0049 -0.0536| 0.2475 Female Closed Open | Open

0.9301 | 0.0022 | 0.0202 | 0.0330 | 0.0408 | 0.0556 | 0.0047 |-0.0534| 0.2475 Female  Closed | Open | Open
0.9326 | 0.0022 | 0.0193 | 0.0325  0.0410  0.0554  0.0045 |-0.0532| 0.2475 | Female | Closed | Open | Open
0.9350 | 0.0022 | 0.0184 | 0.0319 0.0413 0.0551 0.0043 |-0.0529| 0.2475 | Female | Closed | Open | Open

0.7967 |0.01616/ 0.0192 | 0.0120 0.1999 0.0581 0.0041 -0.0418| 0.3546 | Female  Closed | Open | Open

For comparing the effects of participants' neutral and six primary emotions
on the alternatives for the renovation project conducted measurements. Figure 2.8
presents the results of facial emotion recognition.

104
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Fig. 2.8. An example of action units of recordings of the main emotional states obtained
for one of the participants (created by the author)
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After capturing the maximum value of each emotion from every participant,
were imported emotion data into to run measures. The comparison was provided
to locate the source of emotional differences. The result data of facially recognized
emotions is in Table 2.7 and the result data for each category is in the tables below.

Happiness. The values of happiness have noticeable changes in the facial
expression recognition result. It shows that the participants feel happier Parameter
of noise pollution compared with the number of Glazed panes or Number of seal-
ing circuits by referring to comparisons, which are detailed in Table 2.11.

Table 2.11. The result of “happiness”

Par-
tici- 1 2 3 4 5 6 7 8 9
pant

10 11 12 13

WIm® | sioh dB
K
- - + - - + + + + + + + +
1 0048 0.1146 0.3136 0.1551 0.0836 05051 0.1987 0.7927 0.8999 0.9259 0.889 0.8652 0.8561
2 0052 01298 0.331 01423 0.765 05003 0.2356 0.8074 0.9066 0.9222 0.8846 0.8647 0.8532
3 0.0568 0.1463 03459 0.1304 007 0.4934 0.2746 0.8209 0.9123 0.9183 0.8806 0.864 0.8492
4 00623 0.166 03617 0.1193 0.0641 0.4835 0.3136 0.8334 0.9173 0.9142 0.8773 0.8632 0.8438
5 0.0682 0.1873 0.3756 0.1092 0.0587 04728 0.3526 0.845 0.9218 0.9101 0.8748 0.8626 0.8361
6
7
8
9

Eur | Years | Years  Years | Days | mm %RH | Pa % | Cycles

0.0748/0.2105 0.3875 0.0999  0.0538|0.4616 0.3911| 0.8558 '0.9259|0.9064 0.8727 0.8619 0.8265

0.0815/0.2329 0.3983|0.0914  0.0494  0.4496 0.4284| 0.8661 |0.9289/0.9033/0.8704 0.8612 0.8144

0.08830.2553 0.4077 0.0836 0.0455|0.4371 0.4642 | 0.8757 0.9305|0.9003 0.8684 0.8603 0.7999

0.09550.2766 | 0.417 |0.0765 0.042 0.4239 0.4988| 0.8845 |0.93040.8969|0.8669 0.8592 0.7847
10 10.1027/0.2964 0.4255 | 0.07 | 0.039 |0.4084 0.5322  0.8926 0.9286 0.8932| 0.866 | 0.858 |0.7677
* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.

Sadness. The subjects did not have notable changes in sad emotion while
viewing the alternatives of window reconstruction (see Table 2.12).

Table 2.12. The result of “sadness”

0.0444/0.0246/0.0119/0.0214

0.0239

0.004 0.0798

0.0126 |0.0045

0.0018 0.0015

Par-
tici- 1 2 3 4 5 6 7 8 9 10 11 12 13
pant
Wim? | o
Eur | Years | Years  Years | Days | mm K m’/m?h| dB | %RH | Pa %  Cycles
- - + — — + + + + + + + +
0.0464 0.0263/0.0128 | 0.0206  0.024 0.0042 0.0861| 0.0140 |0.00500.0019|0.0015/0.0014 0.0013

0.0014 0.0013

0.0237

0.0039 0.0738

0.0114 | 0.004

0.0017 0.0015

0.0013 0.0013

0.04010.0214|0.0103|0.0231

0.0234

0.0038 0.0681

0.0103 |0.0036

0.0016 0.0015

0.0013 0.0014

1
2
3 10.0423 0.023 |0.0111 0.0222
4
5

0.038 10.01990.0097 0.0237

0.0232

0.00370.0627

0.0093 1 0.0033

0.0016 0.0015

0.0013 0.0014
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End of Table 2.12

tici-| 1 2 3 4 5 6 7 8 9 10 11 12 13

10

0.0359/0.0185/0.0091 | 0.024
0.03380.01720.0086 | 0.0241
0.0318 0.0159 0.0082 0.024
0.0299 0.0148 0.0078 | 0.0239
0.02810.0137 0.0074 | 0.0237

0.0229
0.0225
0.0221
0.0216
0.0211

0.0036 0.0577
0.0035/0.0529
0.0034|0.0485
0.0034/0.0443
0.0034|0.0405

0.0084
0.0076
0.0068
0.0061
0.0055

0.0029
0.0027
0.0024
0.0022
0.0021

0.0017 0.0015
0.0015|0.0015
0.0015|0.0014
0.0015|0.0014
0.0015|0.0014

0.0013 0.0014
0.0013|0.0014
0.0013|0.0015
0.0013|0.0015
0.0013|0.0016

* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.

Anger. According to the result, the subjects’ angry emotion stays low values
during the experiment.

Table 2.13. The result of “angry”

Par-
tici-
pant

1

Eur

0.0025

Years

0.002

Years

+
0.0131

Years

0.0155

Days

0.0018

mm

+
0.0131

W/m?
K

+
0.0003

mé/m?/h
+
0.0010

dB

+
0.0006

10

%RH

+
0.0006

11

Pa

+
0.0005

12

%

+
0.0004

13

Cycles

+
0.0025

0.0024

0.002

0.002

0.0136

0.0158

0.0018

0.0138

0.0025

0.0009

0.0006

0.0006

0.0005

0.0005

0.0023

0.002

0.0019

0.014

0.016

0.0019

0.0129

0.0022

0.0008

0.0006

0.0006

0.0005

0.0005

0.0022

0.002

0.0019

0.0143

0.0162

0.0019

0.0121

0.0020

0.0008

0.0006

0.0006

0.0005

0.0005

O o N 0w N -

0.0022
0.0022
0.0021
0.0021
0.0021

0.002
0.002
0.002
0.002
0.002

0.0019
0.0019
0.0018
0.0018
0.0017

0.0146
0.0149
0.0152
0.0155
0.0158

0.0164
0.0165
0.0166
0.0168
0.0167

0.002
0.0022
0.0023
0.0025
0.0026

0.0112
0.0104
0.0096
0.0089
0.0082

0.0018
0.0017
0.0015
0.0014
0.0012

0.0007
0.0007
0.0007
0.0006
0.0006

0.0006
0.0006
0.0006
0.0006
0.0006

0.0006
0.0006
0.0006
0.0006
0.0005

0.0005
0.0004
0.0004
0.0004
0.0004

0.0006
0.0006
0.0006
0.0006
0.0006

10

0.0021

0.002

0.0016

0.016

0.0166

0.0029

0.0075

0.0011

0.0006

0.0006

0.0005

0.0004

0.0006

* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.

Surprised. Comparisons show that the participants’ values of surprise are sig-
nificantly higher while viewing Price, Number of sealing and Reliability blocks.
Please refer to Table 2.14.
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Table 2.14. The result of “surprised”

Par-
tici-
pant

7

10

11

12

13

Eur

Years

Years

Years

Days

mm

W/m?
K

mé/m?/h

dB

%RH

Pa

%

Cycles

+

+

+

+

+

+

+

+

+

0.2589

0.2288

0.1544

0.1113

0.1135

0.0264

0.0864

0.0157

0.0070

0.019

0.0190

0.0721

0.0732

0.2565

0.2231

0.1478

0.1129

0.1133

0.0252

0.0803

0.0144

0.0066

0.0233

0.0233

0.0730

0.0713

0.2538

0.2166

0.1426

0.1138

0.113

0.0243

0.0744

0.0132

0.0063

0.0273

0.0273

0.0737

0.0693

0.2511

0.2095

0.1375

0.1140

0.1127

0.0234

0.0688

0.0121

0.0061

0.0306

0.0306

0.0744

0.0674

0.2477

0.2019

0.1319

0.1142

0.1126

0.0227

0.0636

0.0111

0.0060

0.0335

0.0335

0.0749

0.0662

0.2442

0.1937

0.1265

0.1141

0.1125

0.0221

0.0586

0.0102

0.0064

0.0362

0.0362

0.0755

0.0652

0.2413

0.1856

0.1206

0.1139

0.1122

0.0217

0.054

0.0093

0.0077

0.0384

0.0384

0.0761

0.0651

0.2383

0.1776

0.1145

0.1135

0.1119

0.0213

0.0497

0.00867

0.0096

0.0405

0.0405

0.0762

0.0670

OO (N[O |D|W|N |-

0.2354

0.1692

0.1082

0.1133

0.1115

0.0212

0.0457

0.0080

0.0122

0.0428

0.0428

0.0758

0.0705

10

0.2333

0.1614

0.1019

0.1130

0.1107

0.0222

0.0420

0.0075

0.0154

0.0451

0.0451

0.0747

0.0755

* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.

Scared. The values of scared do not have noticeable changes as shown in
Figure 2.7. Results indicate that Price blocks make the subjects’ values of scared
higher than the other types of alternatives.

Table 2.15. The result of “scared”

Par-
tici-
pant

1

Eur

Years

Years

Years

Days

mm

7

W/m?
K

m3/m?/h

dB

10

%RH

11

Pa

12

%

13

Cycles

0.2496

0.2466

+
0.179

0.0946

0.0988

+
0.0372

+
0.0464

+
0.0114

+
0.0048

+
0.0539

+
0.1032

+
0.1301

+
0.1146

0.2485

0.2421

0.1708

0.0968

0.0969

0.0378

0.0446

0.0105

0.0044

0.0637

0.1073

0.1299

0.1102

0.2475
0.2472

0.2367
0.2305

0.1622
0.1541

0.0985
0.1003

0.0959
0.0961

0.0387
0.0400

0.0426
0.0405

0.0097
0.0089

0.0041
0.0039

0.0714
0.0775

0.1106
0.01136

0.1294
0.1287

0.1057
0.1012

0.2481
0.2493

0.2241
0.2171

0.1460
0.1380

0.1013
0.1012

0.0971
0.0993

0.0414
0.0429

0.0383
0.0361

0.0081
0.0074

0.0042
00.56

0.0825
0.0867

0.1156
0.1186

0.1281
0.1276

0.0966
0.0921

0.2503
0.2515

0.2099
0.2023

0.1301
0.1222

0.1003
0.0988

0.1026
0.1068

0.0445
0.0461

0.0338
0.0317

0.0068
0.0062

0.0098
0.0183

0.0903
0.0935

0.1225
0.1257

0.1266
0.1249

0.0878
0.0836

OO N O~ WN -

10

0.2514
0.2497

0.1945
0.1868

0.1145
0.1070

0.0969
0.0959

0.1109
0.1156

0.0475
0.0492

0.0295
0.0275

0.0057
0.0052

0.0298
0.0422

0.0965
0.0999

0.1284
0.1298

0.1222
0.1188

0.0795
0.0758

* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.
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Disgust. Disgust emotion stays at the lowest value during the experiment.
The participants did not have notable changes in disgust and emotion.

Table 2.16. The result of “disgusted”

Par-
tici- 1 2 3 4 5 6 7 8 9 10 1 12 13
pant

2
Eur | Years  Years Years | Days | mm WP/<m m¥m?h, dB | %RH  Pa % | Cycles

- - + — — + + + + + + + +
0.00420.0026 |0.0018|0.0042 0.0040 0.0051 0.0259| 0.0057 |0.00220.00090.0008 0.0009 0.0010
0.00400.0025|0.0018|0.0042 0.0039 0.0051 0.0249| 0.0052 |0.0019 0.0009|0.0008 0.0009 0.0010
0.00390.0024 |0.0018|0.0042 0.0038 0.0050 0.0237| 0.0047 |0.00180.00080.0008 0.0009 0.0011
0.0037 0.0023/0.0019 |0.0042 0.0037|0.0050 0.0225| 0.0043 0.0016 0.0008|0.0008 0.0009 0.0012
0.0035 0.0022|0.0021|0.0042 0.0036|0.0050 0.0212| 0.0039 0.0014 0.0008|0.0008 0.0009 0.0012
0.00340.0021|0.0023|0.0042 0.0035 0.0050 0.0199| 0.0035 |0.00130.0008|0.0009 0.0009 0.0014
0.00310.0020 0.0026 | 0.0041 0.0034 0.0050 0.0186| 0.0032 |0.00120.00080.0009 0.0009 0.0015
0.00320.0020 |0.0030|0.0040 0.0033 0.0050 0.0174| 0.0029 |0.00110.00080.0009 0.0009 0.0016
0.0029 0.0019 0.0034|0.0039 0.0032 0.0050 0.0161| 0.0026 |0.0010 0.00080.0009 0.0009 0.0018

10 /0.00280.0019 0.00370.0038|0.0031 0.0049 0.0150| 0.0024 |0.0010 0.0008 0.0009 0.0009 0.0019

* Category and its number: (1) Price, (2) Payback period, (3) Guarantee period, (4) Durability, (5) Duration of works,
(6) Maximum glass unit thickness, (7) Numbers of the glazed pane, (8) Thermal transmission coefficient of the glazing
unit, (9) Number of sealing circuits, (10) Air leakage, (11) Parameter of noise pollution, (12) Condensation resistant,
(13) Waterproofness, (14) Light transmission of double-glazing unit and (15) Reliability.

© 0N O U~ WN| P

2.3. Manual Post-Processing Strategy for Intelligent
Decision Support System for Sustainable Renovation
of a Built Environment Using Heart Rate Variability

Heart rate variability (HRV) is a method of assessing emotional state based on the
measurement of specific changes in time (or variability) between successive heart-
beats. The time between beats is measured in milliseconds and is called the “R-R
interval” or “interbeat interval” (see Fig. 2.9). Heart rate variability is regulated
by the synergistic action of two branches of the autonomic nervous system,
namely the sympathetic and parasympathetic nervous systems. Heart rate is the
total effect of parasympathetic nerves, which slow down the heart rate, and sym-
pathetic nerves, which speed it up. These changes are influenced by stress, emo-
tions physical activities and emotions (Ribeiro et al., 2019).

In addition, HRV depends on gender and age, smoking, coffee, alcohol,
blood pressure and excess weight, depression, etc. Hereditary genes also signifi-
cantly affect heart rate variability.
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Fig. 2.9. R-R interval of heart rate variability (elaborated by author)

A low HRV indicates a state of relaxation, while an elevated HRV indicates
a potential state of frustration or mental stress. An alternative to HRV based on an
electrocardiogram is photoplethysmography, which is available in smart bracelets
and smart watches (Apple Watch, Xiaomi Mi Smart Band, Huawei, etc). The main
advantage of HRV based on photoplethysmography is that there is no need for
special human training. It is usually enough to touch the active surface of the sen-
sor for a few seconds. The photoplethysmography method allows non-contact
measurement (Noaman et al., 2017). The pros of this methodology reveal the po-
tential of its implementation in a wide range of applications, especially in the field
of 10T and human-machine interaction. In the studied cases, when the accuracy of
emotion detection requires certain conditions, the HRV technique should be sup-
plemented with other techniques, such as FaceReader. This situation creates a high
potential for the application of big data analysis methods.

In this case, following market and scientific trends, were taking advantage of
these new devices to develop solutions in the decision-making process for prop-
erty owners and clients in a research context. Real-time measures of high/low va-
lence, arousal, and stress were collected from participants, similar to how recent
research projects have investigated. This information can be used to gain a better
understanding of the satisfaction value of each alternative for the customer.

In the first step, it introduces and analyzes the variety of wrist wearable devices, the
operating systems available, and the ability to transfer data from wearable devices to third-
party servers. An overview of the major software integration platforms is provided, in-
cluding iOS and Mi Fit/Android Wear. The second part of the case study presented the
results of using wrist wearables in study cases. The data is captured by sensors availa-
ble in smartphones and wearable devices. Gathered data in wearable devices were
transferred to a computer or smartphone as an intermediate step before its final
transfer. This transfer was carried out using proprietary solutions. Transferring
data from the wearable device to a third-party system can be done using an app
on an intermediate smartphone. Figure 2.10 shows how data is transmitted through
links 1 and 2.
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Fig. 2.10. Representation of a system for transferring data of a wearable device —
indirect access (created by author)

Link 1. The application on the smartphone can collect data from the wearable
device. For this, a native app running on a smartphone is signed up as an event
collector in handheld sensors. The wearable device periodically reports new data,
and the smartphone collects it. In studied cases, this is done via Bluetooth.

Link 2. The application on the smartphone sends data to the server. Periodi-
cally, the built-in program running on the smartphone checks for an Internet con-
nection. When a connection is available, the application sends the gathered data
to the server. The smartphone app stores data gathered from wearable devices un-
til an internet connection is available.

At the first stage of the study, the following criteria were taken into account
for the selection of wearables devices for use in experiments:

— Developer’s market share. It is important to use simple devices because
of their availability in the market.

— The availability of sensors. Development of algorithms that do not needs
many sensors, but some of them are key to calculating indicators. There-
fore, there should be a minimum set of sensors: accelerometer and heart
rate (Fig. 2.11).

— The options to collect data from the device. There must be some Appli-
cation Programming Interface or method that allows collecting data from
the device.

— Price and availability. From a sustainable development perspective, the
work was done with devices that were easy to acquire and affordable.
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Fig. 2.11. HR sensor in Xiaomi Mi Smart Band 9 (available online:
https://www.mi.com/ua/)

Based on these criteria, it was decided to select Xiaomi, Apple and some
Android Wear devices (such as Huawei) to work with certain Mi Fit/IHealth and
Google Fit apps. These devices allow the transfer of warehouse data — direct ac-
cess. To initiate the transfer and synchronize data, needed to install a special ap-
plication on a computer (Windows/Mac) or smartphone (Android, iOS or Win-
dows). Data are available to third parties related to physical activity: heart rate,
sleep patterns, skin temperature, walking distance, calories consumed, number of
steps, etc. Data transfer on wearables — indirect access. For example, The Mi Fit
app must be installed on the wearable device and as an app on the smartphone.
Using available transmission modes, selected wearable devices provide data to
calculate heart rate and skin temperature in real-time. Data analysis was carried
out on a computer. Here, the heart rate during the measurement period is used to
determine the heart rate variability during the decision time. As a physiological
indicator, heart rate variability is mainly used in medical research and is associ-
ated with the mental, emotional and psychological state. The understanding of
HRV is based on its connection with the autonomic nervous system. The auto-
nomic nervous system is influenced by the sympathetic and parasympathetic sys-
tems, the relative influence of which is displayed in an external file that contains
a matrix of alternatives, images of buildings, diagrams, illustrations, etc. For ex-
ample, a higher ratio of sympathetic to parasympathetic activity has been con-
nected to increased mental stress. Since a higher heart rate reflects increased sym-
pathetic or less parasympathetic activity, it indicates higher stress. Interpretations
of HRV and its relationship to economic decisions, as explored in research, are
based on the concept of measuring mental stress, which is also reflected in the
existing literature using HRV data in economic research (Dulleck et al., 2016).
Specifically, decisional stress and heart rate variability reflect mental stress caused
by emotions.


https://www.mi.com/ua/
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2.3.1. Procedure of Experiment

Heart rate data were analysed at the stage of recording the emotions of each par-
ticipant. This experiment relied on images of renovation projects, diagrams, and
alternative matrices as sources of emotional stimulus materials to elicit the corre-
sponding emotions. The survey was conducted from 8 a.m. to 1 p.m. and during
the task, HR was recorded via a smartwatch system (see Fig. 2.12 a-b).

59 /5

00:00 06:00 12:00 8:00 23:59 00:00 06:00 12:00 18:00 23:59
a) participant #1

53 94

00:00 06:00 12:0C 18:00 23:59 00:00 06:00

b) participant #3

Fig. 2.12 (a-b). The HR segments in Mi Fit of the subjects were collected
using a smart bracelet (created by the author)

Specifically, the task required participants to make certain decisions about
situations they were shown, which had offers they could accept or reject. In addi-
tion, the participants were told that the proposed solutions relate to the following
different contexts: economic aspects, simplicity of the construction process, the
durability of materials, warranty period and aesthetic appearance, etc. Since
changes in emotional mood cause changes in cardiac activity, the extracted fea-
tures can be used to express the state of various emotions (Brownson et al., 2009).
Figure 2.13 shows some typical parameters used to extract features.
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Fig. 2.13. Typical heart rate parameters for distinguishing signs are: (1) amplitude
of increase; (2) Hours of Operation; (3) Amplitude down; (4) Slope;
(5) T Continue (elaborated by the author)

Parameters (1) and (3) represent the change in HR amplitude. Parameter (2)
indicates that the heart rate continues to increase over time and (4) shows the slope
of the change in heart rate. Parameter (5) indicates the duration during which the
heart rate data remains unchanged.

The experiment proved that when a participant's emotions change (happiness,
sadness, and a neutral state), their heart rate should reflect their mood accordingly.
Statistical analysis showed that the rise in heart rate was significant when partici-
pants felt positive emotions and vice versa negative emotions caused the heart rate
to decrease. It also showed that real-time emotion recognition and monitoring can
be achieved with affordable wearable devices. This method was simple, fast and
easy to use on many portable devices available. For real-world emotion recogni-
tion applications using a smart bracelet, it is suggested to first show the user stand-
ard neutral stimulation videos to obtain neutral mood heart rate data as a baseline.
This operation helps to eliminate personalized differences.

2.4. Analysis Of Collected Data for Intelligent
Decision Support System for Sustainable Renovation
of Case Study

An intelligent decision support system was developed using the results of the pre-
vious sections. The aim of developing this framework was to propose a new sus-
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tainable building renovation decision-making framework to support project de-
velopment and reporting of results to stakeholders. For each reconstruction pro-
ject, the priorities are quite different from case to case, so the comparison of cri-
teria is interdependent.

The Intelligent DSS developed during the study is not only intended to eval-
uate whether one solution (among possible options) is better than another but it
can also be used in the early stages of design to characterize the main areas and
initiatives to achieve a holistic renovation building. The collected data related to
key factors provide background and general knowledge about the renovation pro-
ject. The main part of the developed decision-making system, which functions as
a Value Map (see Fig. 2.14), visualizes the main goals for sustainable renovation.
It focuses on multi-criteria analysis and can be used in conjunction with the ser-
vices of sustainability consultants. As a result, all data collected must be per-
formed: a review of literature, review meetings, desktop studies (emotional state
and HRV tests), site visits and participation of relevant stakeholders are possible
methods of data collection.

Quantitative Payback period  price

Guarantee period

Durability

Duration of
works

Light transmission of
double glazing unit

Maximum glass Waterproofness

unit thickness

Numbers of
glazed pane
Thermal transmission /
coefficient of glazing unit

Condensation
resistant

Parameter of noise

pollution
Nl:l;lnber of ) Air leakage, when
Se; 2 circulls i
2 pressure difference Qualitaﬁve

Dp =50Pa

Fig. 2.14. Emotional and economic criteria. A Value Map relating to the same
researched area in the developed decision-making framework
(example of Windows renovation in Case Study — created by the author)

In addition, data must be examined to ensure that they have been collected
methodologically and statistically soundly. The results can be used to monitor,
audit and evaluate the effectiveness of renovation and support decision-making
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throughout the project life cycle. This can be useful for identifying and establish-
ing key performance criteria and indicators at an early stage of design. It can also
be used to guide decision-making and stakeholder engagement. Additionally, the
advantages and disadvantages of each alternative reconstruction solution can be
compared to determine their specific value, which affects differently from case to
case.

The performance evaluation system for the criteria of the decision support
system for sustainable development is presented in Table 2.17. It exhibits a graded
rating system ranging from 1 to 5, where a value of 1 indicates substandard qual-
ity, while a value of 5 is the maximum value in this framework, which refers to
what can currently be considered a more or less “fully sustainable retrofitting” —
e.g., almost zero energy renewable projects (Tomislav, 2018).

Table 2.17. A system for evaluating the performance of a decision support system for
sustainable development — for example, an indicator: Thermal transmission coefficient
of a double-glazed window.

The thermal transmission
coefficient of a double- Value Standards Ratio Example
glazed window
\ 1 Sub-standard Low 0.65
1 \

{ \ 2 Minimum standard Reasonable 0.77
e TN 3 Good practice Moderately 0.82
0 123 4 5 4 Best practice High 1.12
5 Exemplary Very high 1.15

Depending on the type of criteria that were developed in this study, they are
divided into qualitative and quantitative. Factors corresponding to Quantitative
indicators in the Value Map are mostly quantifiable, such as service life or invest-
ment costs, duration of work or durability which can be measured in a sufficiently
objective way. Quality factors mean that they need to be evaluated qualitatively.
They need to be met and designed at the drawing stage.

In this regard, in order for reconstruction projects to meet sustainability in its
full sense, it seems important to focus on the interaction and interdependence of
qualitative and quantitative aspects corresponding to subjective and objective val-
ues during the life cycle of the project. Applying the COPRAS method (Complex
proportional assessment method). The purpose of the multi-criteria analysis in the
selected location was to establish emotional and rational segments of the market
according to demographic criteria (men and women aged 30-40 years, 41-50 years
and 51-66 years), psychographic criteria and criteria of consumer behaviour (hap-
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piness, sadness and anger, as well as valence and heart rate variability). Multicrite-
ria analysis and related calculations were performed according to Stages 1-5 of
the COPRAS method (Kaklauskas et al., 2006). Next, the application of the COP-
RAS method is described in the comprehensive determination of the importance
of the criteria of various alternatives, taking into account their qualitative and
guantitative characteristics for reconstruction projects.

Determining the value of the alternative for the construction project was car-
ried out using Stages 1-5 of the COPRAS method (see Fig. 2.1, section 2.1). Ta-
ble 2.18 shows the results of the criterion evaluation of the researched trading
platforms. The initial weights of the quantitative criteria are determined by expert
methods. Respondents indicated the weights of the criteria. Then the completed
questionnaires were processed and the reliability of the expertise was determined
by calculating the concordance coefficient, which demonstrates the compatibility
of experts' assessments. The obtained results are displayed below in Table 2.18.

Table 2.18. Decision matrix and results of the evaluation of window alternatives using
the COPRAS method

Integrated emotional compared alter- Compared alternatives

natives
Ulti- Numerical values of criteria
Meas-
L uring mgte
Criteria under units | * weight
evaluation X s of 1 2 3 4 5 1 2 3 4 5
of cri- .
- crite-
teria .
ria, gi
1 2 |3 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14
Economic criteria
Price Eur |- | 06 |23100]20100]17800]17550]18050[23100[20100[17900[17550[ 19050
*© 0.1418/0.1616/0.1971/0.2877]0.5999/0.1418]0.1617|0.1971/0.2877|0.5999
. 15 | 15 | 20 | 20 | 18 | 15 | 15 | 20 | 20 | 18
Payback period Years | —10.0259/, 01476 005310.0089(0.0136/0.0258/0.00440.0053|0.0089/0.0136/0.0258
Guarantee pe- 10 | 5 5 0 | 12 | 10 | 5 5 0 | 12
riod Years | +10.02475 05810.0038/0.0045/0.0112/0.0246/0.0058/0.0039/0.0045 0.0112/0.0246

35 30 50 40 35 35 30 50 40 35
0.0042/0.0043/0.0091]0.0121]0.0226|0.0042|0.0044/0.0091/0.0121/0.0226

Durability | Years | — |0.0227

Durationof | {0 ool 60 |60 |60 | 60 | 60 | 60 | 60 | 60 | 60 | 6o
works ¥=2710.0051]0.0051]0.0051/0.00510.0051]0.0051]0.0051]0.0051]0.0051/0.0051
Maximum 52 32 32 42 52 52 32 32 42 52
fl's:ls“':;‘s‘st mm- |+ 100288 107110.0058(0.0074/0.0128/0.0287 0.0071 0.0058/0.0073(0.0129]0.0287
Numbers of the _lo.0321 6 3 4 5 5 6 3 4 5 5
glazed pane ©22110.0084/0.0057/0.0092/0.0160/0.0318(0.0084/0.0057(0.0092[0.0161/0.0318
The thermal 115 | 065 | 082 | 0.77 | 1.12 | 1.15 | 0.65 | 0.82 | 0.77 | L.12
transmission | W/m? +10.033
coefficient of | K 22 110.0084(0.0064(0.009910.01330.0319/0.0084/0.0064/0.0099(0.0132(0.0319
the glazing unit
Number of 2 4 3 2 4 2 4 3 2 4

sealing circuits - |00318 0.0042/0.0098|0.0106/0.0106{0.0315]0.0042|0.0097|0.0106/0.0105/0.0315
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End of Table 2.18

tive (%)

1 2 4 5 6 7 8 9 [ 10 | 11 | 12 | 13 | 14
Number of 00318 2 4 3 2 4 2 4 3 2 4
sealing circuits 5%%10,0042/0.0098 0.0106/0.0106 0.0315/0.0042 0.00970.0106/0.0105/0.0315
Air leakage. 02 | 015|018 | 013 | 02 | 02 | 0.15| 0.18 | 0.13 | 0.2

when pressure m?/m?/
Y 0.0296
dlfferse(;l;e Dp= h 0.0069 0.0067/0.0102/0.0109/0.025210.0069|0.0067 0.0102/0.0108|0.0252
a
Parameter of 0037 47 | 44 | 42 | 44 | 48 | 47 | 44 | 42 | 44 | 48
noise pollution 21710.0066 0.0078 0.0099/0.0152/0.0317 0.0066 0.0078 0.0099 0.0152 0.0317
Condensation |, o' 000 100 90 | 85 | 95 | 100 100 90 85 | 95 100
resistant H2%%10.00610.0069 0.0087/0.0139/0.0285 0.0061 0.0069 0.0086 0.0139 0.0285
Waterproof- |, 0.0205|600 | 400 | 400 | 550 | 550 | 600 | 400 | 400 | 550 | 550
ness F£7210.00710.0062 0.0078 0.0147/0.0295 0.0071 0.0062 0.0078 0.0147 0.0294
Light transmis- 90 | 88 | 81 | 88 | 88 | 90 | 88 | 81 | 88 | 88
sion of a dou- | - % 0-0278 1 058 0.0071 0.0087 0.0138 0.0278 0.0057 0.0071 0.0087 0.0139 0.0277
ble-glazing unit
o 10000| 1000 | 1000 | 10000 1000 | 10000 1000 | 1000 | 10000 1000
Reliability - Cycles + 0.02811, 1751 002210.0023 0.0255 0.0281 0.012210.0022 0.0023 0.0255 0.0281
Emotional and biometrical criteria
Happiness | Points 01 10:2785[0.1191/0.0795(0.0156/03701] ) ) ] ]
0.0323/0.0193/0.0153 0.0034/0.0841
Sadness | Points 0.1 |0:0089/0.0031/0.0021/0.0101/0.0421 ) ) ) )
0.0134/0.0044 0.0027 0.0139 0.0549
Anger | Points 0.1 |0.0191]0.0124|0.0088]0.0023/0.0048| - - - - -
Surprise |Poits 01 |0:1496]0.4783]0.6211/0.0286/0.0216] ) ) ) )
0.0115/0.0411/0.0857/0.0152/0.0123
Seared | Poins 01 0:08440.0917/0.0725/0.0574/0.0199] ) ) ) )
0.0259 0.03420.0345 0.0334 0.0134
Disgust | Points 01 0:00140.0005/0.0004/0.0218/0.0035] ) ) ) )
0.00510.0018 0.0012/0.0649 0.0047
Valence | Poins o |0:194110.0272(0.0069|-0.042/0.3279| ) ) ) )
*10.0324/0.0062/0.0017/0.0102/0.0866
Arousal | Points 0 |0:4482/0.6598]0.7741/0.2567/0.4026] ) ) ) )
10.0176/0.0312/0.0522/0.0337/0.0749
Heartrate | BMP 01 | 86 | 78 | 94 | 72 | 93 - - - - -
The sums of
weighted nor-
malized max 0.1803 0.1741 0.2609 0.2377/0.6141 0.0301 0.0329 0.0354/0.0288 0.0392
indices of the
windows, S+j
The sums of
weighted nor-
malized max 0.25260.2521 0.2939 0.46820.8168 0.1457 0.1343 0.1728/0.1384 0.1487
indices of the
windows, S-j
Windows sig- 0.7418 0.7369 0.7435 0.5407 0.7876 148 = 1.35 1.485 128 1.605
nificances Qj
Priority of the 304 2 s 13 4 251
alternative
Utility degree
of the alterna- 94.17 | 93.56 | 94.39 | 68.64 100 | 92.50 | 92.20 | 79.75 | 84.10 | 100
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The difference between the integrated emotion in comparing alternatives and
traditional analysis of comparing alternatives results explains that the emotion in-
directly increases the value of each alternative.

Previous studies (e.g., Loijens & Krips, 2013; Bedon & Mattei, 2021) have
shown that the software is an effective emotion analysis tool with 90% accuracy.
Although previous research showed that participants took the experimental task
seriously, FaceReader attributed their emotions to anger (Zneng et al., 2019). The
above results prove that FaceReader can objectively detect instantaneous and sub-
tle changes in facial expression and make judgments based on potentially repre-
sentative emotion components with a high degree of accuracy. However, the re-
searchers' observations and participants' verbal responses are necessary to
understand the participants' feelings and to further discuss the face recognition
results. The main task of the facial recognition experiment is to distinguish emo-
tional changes. The duration of each emotion is short, approximately 0.5-4 sec-
onds (Friesen & Ekman, 1978), making it difficult to quantify differences between
data points, therefore, not every frame of a participant's video is necessarily ana-
lysed. FaceReader is a reliable tool for analyzing emotions by studying partici-
pants' facial expressions, but researcher observation, participant self-reports, and
proper experimentation are also needed to minimize the potential for inconsistent
results. The correlation signs shown in Table 2.19 are consistent with studies con-
ducted around the world (e.g., Lee et al., 2020; Yang et al., 2018). For example,
numerous studies show that sadness decreases as happiness increases (e.g., Stor-
beck et al., 2019; Yilmaz et al., 2019).

Table 2.19. Correlations between the level of happiness, sadness and heart rate obtained
in this experiment and the data of other scholars

Data from experiment Data by other authors
Happiness level Heart Rate | Sadness level Happines level Heart Rate (Lin (Ssti)clgiiilgtvg:
(Case Study) | (Case Study) | (Case Study) |(Lietal., 2020) et al., 2019) 2019) "

Happiness lovel  — 06055 07826 06464 06908 ~0.7431

(Case Study)

Heart Rate

(Case Study) — -0.2411 0.4182 0.7203 —0.3408
Sadness level

(Case Study) — -0.8201 0.2967 0.7791
Happines level
(Li et al., 2020) — -0.1149 ~0.6121
Heart Rate (Lin

etal.,, 2019) — 0.2801
Sadness level
(Storbeck et al., o

2019)
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Various studies also show that happiness levels and age have a U-shaped
connection, meaning that people are happier when they are younger and when
they are older (e.g., Ingraham, 2019; Lebowitz & Kiersz, 2019; Larson, 2019;
Stone et al., 2018; Blanchflower, 2021). To confirm this concept was conducted
the research and the results were presented in Figure 2.15. During the experiment,
data on the level of emotions and heart rate variability were collected from both
female and male participants (58% and 42%, respectively) in the age range of 30-
66 years.
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Fig. 2.15. The U-shaped curve of correlation between the level of happiness measured
during the case study and its level obtained by Blanchflower (2021) and age
(created by the author)

Blanchflower (2021) worked on an analysis of life satisfaction and observed
that a U-shaped age curve prevailed, with the lowest point of satisfaction in the
late 40s to mid-50s. The shape of these curves resembles a U-shape, where periods
of high levels of happiness experienced by younger and older people cause an
upward curve. Whereas lower levels of happiness are observed as people reach
middle age and the curve goes down. Another author (Stone et al., 2018) notes
that people in their early 50s reach the bottom of the curve, and their level of
happiness is much lower than in youth. The well-being of people aged 60 and over
is generally higher than that of younger people. A U-shaped happiness curve
means that young people are happier. Gana et al. (2013) write about the “paradox
of well-being”, where older people perceive their lives better than younger people,
also showing a contrast compared to middle-aged people.
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The level of happiness among women and men measured in the Case Study
and the level of sadness Newport & Pelham (2019) are inverted U-shaped (see
Fig. 2.16). Newport & Pelham (2019) used a scale of levels from 25 to 40, the
measurement in the Case Study was from 0 to 1. The results of the analysis of
emotions (sadness and happiness) from this study coincide with the data obtained
by other authors (Graham & Pozuelo, 2017).
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— Sdness Mewport and Pelham, 2019 Sadness Case Study

Happiness Newport and Pelham, 2019 Happiness Case Study

Fig. 2.16. The U-shaped levels of happy state among females and males as measured in
a Case Study and inverse U-shaped levels of sad state among females and males,
Newport and Pelham, 2019 (created by author)

In measures of sadness and worry, the U-shape is inverted. Sadness levels
are low in early adulthood and then peak around midlife (for example, 38.7 for
women, 33.9 for men). Then the sadness begins to decline. Stone et al., (2018)
noted that the age of sadness is essentially the inverse of the level of happiness,
and this study shows moderate variation with age, represented by an inverted U-
shaped curve. Positive affect, surprise, and happiness showed a U-shaped curve.
Graham & Pozuelo (2017) argue that stress is an inverted U-pattern worldwide,
with stress levels increasing, peaking at a certain point and then decreasing, and
overall stress levels gradually decreasing with age. Stone et al., (2018) also found
that levels of sadness follow an inverted U-shaped curve over time. Compared to
males, the level of stress, worry and sadness are significantly higher in females
(in all age groups). A significant inverted U-shaped curve was reported for nega-
tive affect and sadness, with (late) middle-aged adults reporting higher values than



2. DEVELOPMENT OF A METHOD AND INTELLIGENT DECISION SUPPORT... 79

younger and older adults. Blanchflower (2021) notes that the pattern of unhappi-
ness is an inverted U-shape. Young people feel happier than older people.

Resting heart rate increases with age, and the results of this study (see
Fig. 2.17) support previous findings by Polar (2019). In people aged 35 and 45, a
higher heart rate was associated with higher blood pressure, higher body mass
index, higher mortality, smoking, physical activity and more (Stoffels etal.,
2017). Additionally, Polar (2019) notes that as people age, their resting heart rate
typically increases. In the study group, young people have a lower mean resting
blood pressure than older people. This means that with age people's pulse pressure
drops sharply.

90 0.17

85 0.16

0.15
80
0.14

75
0.13

Heart Rate
Happiness

70
0.12

65 0.11

60 0.1
10-20 20-30 30-40 40-50 50-60

Age group
- HR female - HR male — Happiness

Fig. 2.17. Increasing heart rate with age (created by author)

After analyzing the depersonalized emotional and physiological states of the
participants according to different ages and genders obtained in this study, the
results of this study seem to be in line with the world research that states that the
human emotional-physiological state depends on age. Hence, the data used for the
multicriteria analysis were reliable (conducted on the depersonalized emotional
and physiological states of the participants according to different ages and gen-
ders, for green and energy-efficient alternatives in renovated residential build-

ings).
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2.4.1. Automation process in Intelligent database and model
base management system

When studying expensive and time-consuming processes, it is justified to strive
to obtain mathematical models with minimal cost and time expenditures. The hu-
man factor in decision-making can lead to incomplete or distorted data, which
ultimately calls into question the reliability of the processed datasets. In this case,
due to the large amount of data, it is advisable to automate the stages of analysis
and processing of measurement results in order to build relevant mathematical
models. This, in turn, will allow to exclude the influence of the human factor on
the results of the experiment and to reduce the time for its implementation. There-
fore, users need an automatic tool to support them in decision-making that satis-
fies their requirements.

Based on the methodology COPRAS method and using the Python language
(www.python.org), an automated stand for modeling intelligent decision support
system were developed by the author for its implementation, the script of which
is presented in Annex C. The input information (see Table 2.20): initial a list of
criteria, indicators of a greater (less) criterion value, ultimate weights of criteria
etc. After receiving the input information, with the help of the developed script
(which consists of the formulas of stages 1-5 of the COPRAS method) the im-
portance, degree of usefulness and priority of the updated items will be deter-
mined.

The input information must be provided in Excel format, data consists of the
initial list of criteria, indicators of a greater (less) criterion value, ultimate weights
of criteria etc. Excel is the most settled file extension for spreadsheets and can be
exported by many free programs such as LibreOffice Calc, Numbers and Google
Sheets. The data of these files are processed using the library. Attribute weights
are assigned by decision-makers based on relative importance and are subjective
in nature.

Table 2.20. Input data

Measur- Ultimate
Criteria under . - . weights | Criteria | Criteria | Criteria | Criteria | Criteria
. ing units Z; .

evaluation o of crite- 1 2 3 4 5

of criteria L

ria, gi

Price Eur FALSE 0,6 23100 | 20100 & 17900 | 17550 | 19050

Payback period Years | FALSE | 0.0259 15 15 20 20 18
Guarantee period Years TRUE | 0.0247 10 5 5 10 12
Durability Years | FALSE | 0.0227 35 30 50 40 35
Duration of works Days FALSE | 0.0257 60 60 60 60 60
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Measur- Ultimate
Criteria under . . . weights | Criteria | Criteria | Criteria | Criteria | Criteria
evaluation ing units ‘i of crite- 1 2 3 4 5
of criteria O
ria, qi
Maximum glassunit | rpuE | 00288 52 2 32 42 52
thickness
Number of the glazed FALSE = 00321 6 3 4 5 5
pane
The thermal transmis-
sion coefficient of the | W/m?K | TRUE | 0.0330 1.15 0.65 0.82 0.77 1.12
glazing unit
Number 25;"':"'”9 cir- FALSE 00318 2 4 3 2 4
Air leakage, when pres-
sure difference Dp =50 m®m%h = TRUE | 0.0296 0.2 0.15 0.18 0.13 0.2
Pa
Param“‘f;t‘i’(f):o'se PO 4g | TRUE | 00317 47 44 42 44 48
Parameter of noise pol-| ;5 TRUE | 00317 47 44 42 44 48
lution
Condensation resistant | %RH TRUE | 0.0286 100 90 85 95 100
Waterproofness Pa TRUE | 0.0295 600 400 400 550 550
Light transmission of a o, e gga78 | 90 88 81 88 88
double-glazing unit
Reliability Cycles | TRUE | 0.0281 | 10000 1000 1000 10000 1000
Happiness Points TRUE 0.1 0.2784 ' 0.1191 | 0.0795 | 0.0156 | 0.3701
Sadness Points | FALSE 0.1 0.0088 | 0.0031 | 0.0020 | 0.0101 | 0.0421
Anger Points = FALSE 0.1 0.0191 | 0.0124 | 0.0088 | 0.0023 | 0.0048
Surprise Points TRUE 0.1 0.1495 & 0.4783 | 0.6210 | 0.0286 | 0.0216
Scared Points | FALSE 0.1 0.0844 | 0.0917 | 0.0725 | 0.0574 | 0.0199
Disgust Points = FALSE 0.1 0.0014 | 0.0005 | 0.0004 | 0.0218 | 0.0036
Valence Points TRUE 0.1 0.1941 = 0.0272 | 0.0069 | 0.0418 | 0.3279
Arousal Points TRUE 0.1 0.4481 | 0.6598 | 0.7741 | 0.2566 @ 0.4026
Heart rate BMP TRUE 0.1 86 78 94 72 93

* The sign z; (TRUE/FALSE) indicates that a larger (smaller) value of the criterion corresponds to greater importance

for the stakeholder.

The standard steps for the proposed method, after receiving the input infor-
mation, determine the significance, usefulness and priority of the recovered ele-
ments. The script consists of formulas from Stages 1-5 of the COPRAS method

(see Figure 2.13).

After downloading all the necessary files and other information, the next step
is to run the script. The output data, which is the result of the calculation of the
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automated system for choosing the best alternative to the object of research, comes
in the form of the final Excel table (see Table 2.21). The proposed system allows
for automating calculation processes in an Intelligent decision-making support
system for sustainable renovation. In addition, a possible modification of these
utility functions will allow decision-makers to choose a better alternative under
conditions of fuzzy uncertainty.

Table 2.21. Results/Output data

Criteria under M'easurm'g Ul.tlmate Criteria = Criteria Criteria | Criteria | Criteria
. units of cri-| Zj | weights of
evaluation . S 1 2 3 4 5
teria criteria, qi
Price Eur 0 0.6 0.1418 | 0.1616 | 0.1971 | 0.2877 | 0.5999
Payback period Years 0 0.0259 0.0044 | 0.0053 | 0.0089 | 0.0136 | 0.0258
Guarantee period Years 1 0.0247 0.0058 | 0.0038 | 0.0045 | 0.0112 | 0.0246
Guarantee period Years 1 0.0247 0.0058 | 0.0038 | 0.0045 | 0.0112 | 0.0246
Durability Years 0 0.0227 0.0041 | 0.0043 = 0.0091 | 0.0121 | 0.0227
Duration of works Days 0 0.0257 0.0051 | 0.0064 | 0.0085 | 0.0128 | 0.0256
Maximum glass unit mm 1| 00288  0.0071 00058 @ 0.0073  0.0128 0.0287
thickness
N“mberl;’:li‘e glazed 0 00321 | 00083 00056 00091 00161 | 0.0318

The thermal transmis-
sion coefficient of the W/m?K 1 0.033 0.0084 | 0.0063 = 0.0099 | 0.0132 | 0.0319
glazing unit
Number of sealing cir-
cuits
Air leakage, when pres-
sure difference Dp=50 | m*m*h | 1 0.0296 0.0068 | 0.0066 = 0.0102 | 0.0108 | 0.0252
Pa
Parameter of noise pol-
lution

0 0.0318 0.0042 | 0.0097 @ 0.0106 | 0.0105 | 0.0315

dB 1 0.0317 0.0066 | 0.0078 = 0.0099 | 0.0152 | 0.0316

Condensation resistant %RH 1 0.0286 0.0061 | 0.0069 = 0.0086 | 0.0139 | 0.0285

Waterproofness Pa 1 0.0295 0.0071 0.0062 | 0.0078 | 0.0147 | 0.0294
Ligz‘zg:_‘;:fis;;":n‘;tf a % 1 00278  0.0057 00071 0.0087 0.0138 | 0.0277
Reliability Cycles | 1 00281 00122 00021 00023 00255 0.0281
Happiness Points | 1 0.1 0.0322  0.0193 | 0.0153  0.0034 0.0841
Sadness Points | 0 0.1 0.0133 | 0.0044 = 0.0027 0.0139 | 0.0549

Anger Points | 0 0.1 0.0401 = 0.0182 | 0.0119  0.0031 | 0.0061
Surprise Points | 1 0.1 00115  0.0412 00857 00152  0.0123
Scared Points | 0 0.1 0.0258 = 0.0342 | 0.0345  0.0334 | 0.0134

Disgust Points 0 0.1 0.0051 | 0.0019 = 0.0012 | 0.0649 | 0.0046
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End of the Table 2.21

Criteria under Mf:asurm‘g Ul.tlmate Criteria | Criteria | Criteria | Criteria | Criteria
. units of cri- weights of
evaluation . e 1 2 3 4 5
teria criteria, qi
Valence Points 0.1 0.0324 | 0.0062 | 0.0017 | 0.0102 | 0.0866
Arousal Points 0.1 0.0176 | 0.0313 | 0.0522 | 0.0337 | 0.0749
Heart rate BMP 0.1 0.0203 | 0.0231 | 0.0363 | 0.0436 | 0.0998
The sums of weighted
normalized max indices 0.1802 | 0.1741 0.2609 | 0.2377 | 0.6141
of the windows, S+;
The sums of weighted
normalized max indices 0.2526 | 0.2521 0.2939 | 0.4681 0.8168
of the windows, S,
Windows 3;%“'“”““’ 07417 = 0.7369 | 0.7435 | 0.5406 = 0.7876
Priority of the 3 4 5 5 1
alternative
Utility degree of the 94.17 9356 = 9439 | 68.64 100
alternative (%)

* The sign z; (1/0) indicates that a larger (smaller) value of the criterion corresponds to a greater importance for the

stakeholder.

2.5. Conclusions of the Second Chapter

Considering the described research and the presented methods in this Chapter, the
following conclusions can be drawn:

1.

An original framework has been proposed that performs a comprehensive
analysis of emotional and rational market segments by demographic cri-
teria (males and females), psychographics and consumer behaviour crite-
ria (e.g., happy, sad, angry, surprise and heart rate variability), the impact
of emotions on the decision-making process was revealed.

The achieved aim was the assessment of the possibility of experimental
methods and the practical combination of quantitative indicators of
subjective sensations with engineering goals together in architectural
concepts and technological solutions in the fields of construction. To
solve this problem, it is proposed to use an analytical-recommended
model of basic data of an energy-efficient building, based on which an
automated system has been developed.

The developed method of multi-variant design and multi-criteria analysis
of building renovation (implemented in the example of building renova-
tion in Kyiv, Ukraine) differs from the previously considered methods by
the fact that it helps in determining the degree of efficiency of the housing
stock and providing recommendations to stakeholders for joint work on
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rational housing management, which is at a stage of renovation or an
early-stage construction design.

To increase the transparency and reliability in the process of decision-
making in real situations, a combination of sustainability principles, and
multi-criteria decision-making support, combined with the COPRAS
method and automatic data processing tools, both emotional and statisti-
cal (using a Python script), were applied.

The research presented in this section has shown the influence of emo-
tions on the decision-making process during building renovation, but
these aspects are supposed a complex analysis during the life cycle of a
building. The difference between the integrated emotion when comparing
alternatives and the traditional analysis of the results of the comparison
of alternatives may be that the emotion indirectly increases the value of
each alternative. For example, the decision matrix of window alternatives
shows that alternative 1 has a utility degree of 92.50% in the traditional
analysis and 94.17% in the analysis with integrated emotional states. That
is why the next section will include an emotional analysis of the crowd
related to green and energy-efficient buildings.



Method to Plan and Analyze
Neuro-Advertising Housing Variants
Employing Multiple Criteria

This chapter presents the Affect-Based Built Environment Video Analytics
(BEST) method to analyze and collect different types of data: physiological and
emotional states, affective attitudes, weather conditions, pollution, etc. It is also
considered the applying multi-criteria analysis of neuromarketing and video ad-
vertising for different consumer segments in the construction industry using neuro
decision tables. This chapter provides an analysis of a large sample of the affective
attitudes dataset and further comparison with worldwide studies.

The presented research was used in two international — Erasmus+ programme
projects: Integrating education with human behaviour relevant to the influence of
coronavirus and negative emotions in a built environment (MICROBE), Integrat-
ing education with consumer behaviour relevant to energy efficiency and climate
change at the Universities of Sri Lanka and Bangladesh (BECK).

The research results of this chapter are published in two articles by the author
(Kaklauskas et al., 2019, Kaklauskas A., Velykorusova A. & Skirmantas D.,
2019) and presented at two conferences (The 17th Colloquium ,,Sustainable deci-
sions in built environment“ and Meeting of EURO working group “OR in sustain-
able development and civil engineering”, The 13 International Conference “Mod-
ern building materials, structures and techniques”).

85
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3.1. Main iterative phases of the Affect-Based Built
Environment Video Analytics Method

This research aims to build an Affect-Based Built Environment Video Analytics
(BEST) that is developed to analyze and collect different types of data: e.g., phys-
iological and emotional states, arousal and valence, affective attitude, pollution
etc. The BEST method allows selecting the best places to live or rent and provides
neuro advertisement of buildings for sale. It combines the somatic marker, bio-
metrics, physiological methods (Novelda, 2019) and INVAR method. The method
offers a spatial analysis of categorical data according to several criteria using an-
alytical methods, such as creating maps of affective attitudes with maps of physi-
ological and emotional states. Below are the stages of a multi-sensory, environ-
mentally friendly and energy-efficient method of neuromarketing for housing.
First, it is necessary to prepare the neural decision-making matrix and the raw data
for correlation analysis, as in the previous example (see Section 2.2.). Matrix pro-
vides information on environmental and energy-efficient building projects, pollu-
tion, emotional and physiological state of participants at four sites in Vilnius. In
this multicriteria analysis experiment, the following locations in Vilnius, Lithua-
nia were selected for the use of green and energy-efficient building advertise-
ments. Table 3.1 shows the descriptions of it.

Table 3.1. Residential units and their descriptions

Targeted
No Name of project | Video, Tour, Gallery Project descriptions age
group*
The upper-middle-class project in the city
Residential units of center is designed for families with young
apartment type at | https://www.yit.It/bus children and the elderly. The quality of con-
1 | Pilies-2 street in Vil- | tas/nauji-butai-vil- |struction is high. Excellent accessibility to I, 1l

nius Old Town dis-
trict, Lithuania

niuje/raitininku-sodas

both the historic city center and other districts.
A river flows along. There are walking paths
with a rest area.

Residential units of
apartment type at

http://livesquare.lt/ga-

The luxury project is located in the city center.
It is equally suitable both for investment and
for modern comfortable living. The highest
standards of construction quality are guaran-

2 Gedimino pr. 3in Vil- leriia-vizualizaciios/ teed. Excellent accessibility in all directions is| II, Il
nius Old Town dis- ) ) combined with infrastructure and good neigh-
trict, Lithuania bourhood. Potential buyers are older people,
usually businessmen or high-level profession-
als.
N . . A middle-class project in the central area of
Residential units of https.//www.)ioutube. the city. Buyers are offered apartments with 2-
apartment type at | com/watch?v=eFpww S
3 - . 4 rooms. Excellent accessibility to both the II, 1l
Lukiskes — 11 street, km9Zda (video- historic city center and other districts. Man:
Vilnius, Lithuania films) Y - vany

business centers of the city are adjacent to the



https://www.yit.lt/bustas/nauji-butai-vilniuje/raitininku-sodas
https://www.yit.lt/bustas/nauji-butai-vilniuje/raitininku-sodas
https://www.yit.lt/bustas/nauji-butai-vilniuje/raitininku-sodas
http://livesquare.lt/galerija-vizualizacijos/
http://livesquare.lt/galerija-vizualizacijos/
https://www.youtube.com/watch?v=eFpwwkm9Zd4
https://www.youtube.com/watch?v=eFpwwkm9Zd4
https://www.youtube.com/watch?v=eFpwwkm9Zd4
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End of the Table 3.1

No

Name of project

Video, Tour, Gallery

Project descriptions

Targeted
age group™

project. The target group of buyers is em-
ployed persons.

Residential units of
apartment type at
Lukiskes — 11 street,
Vilnius, Lithuania

https://www.youtube.c
om/watch?v=eFpwwk
m9Zd4 (video- films)

A middle-class project in the central area of
the city. Buyers are offered apartments with 2-
4 rooms. Excellent accessibility to both the
historic city center and other districts. Many|
business centers of the city are adjacent to the
project. The target group of buyers is em-
ployed persons.

Residential units of
apartment type at the
Mindaugo tiltas — 13,

Vilnius, Lithuania

http://www.veikme.lt/

up-
loads/files/dir248/dirl
2/8_0.php

A modern project of the middle class in one of
the bedroom districts. Nature surrounds the
building. It demonstrates exceptional engi-
neering and architectural solutions using pas-

sive house technologies.

*Target age groups: 1 —(20-30) 11-(31-40) 111-(41-50) IV -(51-60)

Collected data on pollution, and emotional and physiological states (happi-
ness, sadness, anger and heart rate) were compared with the results of similar
worldwide studies. Information was collected from passers-by by using equip-
ment subsystem FaceReader (Loijens & Krips, 2013), biometric techniques and
technologies such as Noldus Information Technology (2019) and XeThru tech-
nology (Novelda, 2019) etc. In accordance with the requirements of the General
Data Protection Regulation which applies in all European Union (EU) Member
States from 25 May 2018 (Consensus, 2019), data protection was performed to
collect the necessary de-identified data for this study. The GDPR means that EU
citizens have more control over their data and the measures foreseen in the regu-
lation contribute to better security both online and offline. This research involved
analyzing passersby at four sites in Vilnius and establishing their affective atti-
tudes, emotional and biometrical states, as well as their valence and arousal. To
adhere to the GDPR requirements and the applicable laws of the Republic of Lith-
uania, a data protection impact assessment was received for the equipment sub-
system before were launched data gathering activities (Table 3.2).

The use of this subsystem enabled the gathering of the aforementioned data
for this research. The goal was to conduct an advertising campaign for the sale of
green and energy-efficient buildings, aimed at the most fortunate groups of pass-
ers-by. A somatic marker associated with a positive result can make a person
happy, while a somatic marker associated with negative consequences may make
a person feel sad, which then acts as an internal alarm and warns a person to avoid
certain actions (such as buy or rental of housing in this case study). Table 3.2
shows the emotional measurements of passers-by at the four sites.


https://www.youtube.com/watch?v=eFpwwkm9Zd4
https://www.youtube.com/watch?v=eFpwwkm9Zd4
https://www.youtube.com/watch?v=eFpwwkm9Zd4
http://www.veikme.lt/uploads/files/dir248/dir12/8_0.php
http://www.veikme.lt/uploads/files/dir248/dir12/8_0.php
http://www.veikme.lt/uploads/files/dir248/dir12/8_0.php
http://www.veikme.lt/uploads/files/dir248/dir12/8_0.php
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Table 3.2. Measurement of human emotions in four cities

Site of Meas- Gender Age Groups

urements 1020 | 2130 | 3140 | 4150 |  51-60
Happy
2-Pilies Female 0.1283 0.1309 0.1171 0.1027 0.1226
Male 0.1393 0.1376 0.1153 0.0979 0.0855
3-Gedimino Female 0.1277 0.1246 0.1161 0.0807 0.0893
pr. Male 0.1035 0.1348 0.1145 0.0845 0.0605
11-Lukiskes Female 0.1384 0.1234 0.1145 0.0803 0.0739
Male 0.1627 0.1536 0.1008 0.0887 0.0662
13-Mindaugo Female 0.1422 0.1413 0.1391 0.0592 0.0835
titlas Male 0.0921 0.2511 0.1616 0.0981 0.0706
Sad
2-Pilies Female 0.2363 0.1974 0.1579 0.1495 0.1535
Male 0.2136 0.1827 0.1554 0.1421 0.1441
3-Gedimino Female 0.2131 0.1947 0.1613 0.1763 0.1076
pr. Male 0.1867 0.1885 0.1584 0.1371 0.1157
11-Lukiskes Female 0.2214 0.2128 0.1533 0.1261 0.1188
Male 0.1701 0.1680 0.1289 0.1163 0.0983
13-Mindaugo Female 0.2249 0.2240 0.2246 0.2301 0.2063
titlas Male 0.2496 0.0893 0.1525 0.2308 0.1423
Angry

2-Pilies Female 0.0922 0.0857 0.0909 0.0941 0.0915
Male 0.1163 0.1224 0.1195 0.1228 0.1291
3-Gedimino Female 0.0858 0.0793 0.0927 0.0857 0.0701
pr. Male 0.1181 0.1093 0.1106 0.1191 0.1353
11-Lukiskes Female 0.0871 0.1031 0.0889 0.0937 0.0706
Male 0.1159 0.1274 0.1092 0.1065 0.1037
13-Mindaugo Female 0.1473 0.1345 0.1359 0.1253 0.0561
titlas Male 0.1471 0.0801 0.1466 0.1991 0.1371

Pollution data for the four sites being analyzed were taken from the Environ-
mental Protection Agency and presented in Table 3.3. According to the EPA of
Lithuania (2018), daily CO norms should not be exceeded 10 pg/m®. PM;s short-
term standard (24-hour or average daily) — 35 pg/m®. PMyo_ daily limit value
50 pg/m?® and EPA set the 1-hour NO, standard at 100 parts per billion (ppb).

Table 3.3. Air pollution measurement data in four cities of Vilnius
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in Figure 3.1.

Multi-criteria analysis in the selected locations was performed using the IN-
VAR method with the establishment of emotional and rational market segments:
such as geographical criteria (noise and air pollution at four Vilnius sites, data
taken from the Environmental Protection Agency, 2018), demographic criteria
and emotional criteria of consumers. The steps for INVAR Method are presented

\.

Stage 1. Calculation the weighted normalized
decision-making matrix D

¥

\

ized indexes describing the j+

Stage 2. Calculation the sums of weighted normal-

. 2

r

Stage 3. Determination of the relative

significances Qj

h 4

Stage 4. Determination of the rank

of the alternative

¥

Stage 5. Calculation of the qualitative utility
of each alternative

¥

of alternative a; can be accomplished by means of
e approximations

g ~
Stage 6. Determine if the integrated value Xijeycte <)

-

Stage 7. Optimize the xy that is possible for any

criterion over e approximations

2

¥

Stage 8. Present indicator x; of the quantitative
recommendation r;showing the percentage of a
possible improvement in the value of indicator
xy for it to become equal to the best value Xif max
\_ of criterion X; among the potential alternatives J

¥

Stage 9. Calculate indicator x;; of the quanti-
tative recommendation r; showing the per-
centage of a possible improvement of utility

U of the alternative a; upon presenting xi; = x;

L 2

Stage 10. Verify and validate research from h
other studies present detailed calculations per-

J

fomed using INVAR method

J

Fig. 3.1. Steps for INVAR Method (elaborated by the author)
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The decision-making neuromatrix was created based on data on physiologi-
cal and emotional states, as well as atmospheric air pollution (CO, NO2, PMo,
PMzs). Table 3.4 presents alternatives compiled by dividing two groups of poten-
tial buyers (women and men) and four age groups (21-30; 31-40; 41-50 and 51—
60 years) for 4 projects. Evaluation of criteria from 1 to 10 points, where 1 is not
very important, and 10 is very important.

Table 3.4. Groups of passers-by by age and gender at selected locations

Initial Housing unit alternatives un-
Criteria describing alter- Sub-crit_eria Weight weight ger comparison
. describing * " | (number of
natives - i
alternatives passers-by)
Wi 1 2 3 4
Individual differences of buyers
20-30years | + | 0.0079 4635 6 2 3 5
31-40years | + | 0.0047 2895 6 5 6 8
Age (X1)
41-50years | + | 0.0381 4981 9 7 8 9
51-60 years | + | 0.0270 3286 6 3 3 3
Male + | 0.0097 7060 8 5 8 8
Gender (Xy)
Female + | 0.0128 8737 7 6 9 8

The purpose of Case Study 2 was to analyse the multiple criteria of housing
alternatives in four locations with the highest demand for rental and sale of apart-
ments and where people are feeling better.

Table 3.5. Segmentation of passers-by by gender and age at selected sites

2-Pilies 3-Gedimino pr. 11-Lukiskes 13-Mindaugo
19122 (100%) 31841 (100 %) 15797 (100%) 38041 (100%)
Man Woman Man Woman Man Woman Man Woman
Total: Total: Total: Total: Total: Total: Total: Total:
8005 11117 14312 17529 7060 8737 15638 22403
(41.86%) (58.14%) | (44.95%) | (55.05%) | (44.69%) | (55.31%) (41.11%) (58.89%)
20-30 2240 2786 3758 4384 2134 2501 4083 4667
Y- (11.71%)| (14.57%) | (11.80%) @ (13.77%) @ (13.51%) | (15.83%) | (10.73%) @ (12.27%)
31-40 1498 1627 3726 3995 1483 1412 3059 3481
Age Y- (7.83%) (8.51%) | (11.70%) & (12.55%) & (9.39%) (8.94%) (8.04%) (9.15%)
21-50 2693 3535 4752 5873 2312 2669 4579 6126
Y- (14.08%)| (18.49%) | (14.92%) @ (18.44%) @ (14.63%) | (16.90%) | (12.04%) @ (16.10%)
51-60 1574 3169 2076 3277 1131 2155 3917 8129
Y- (8.24%) | (16.57%) | (6.53%) | (10.29%) | (7.16%) | (13.64%) | (10.30%) @ (21.37%)
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3.2. Compiling neuro decision-making matrix

In the following step, a general decision-making neuromatrix was formed for 4
ecological and energy-efficient residential buildings. The analyzed criteria were
used as the basis for creating a neuromatrix of decisions. Table 3.6 presents an
example of a cumulative general neural decision matrix for two selected locations
in Vilnius, Lithuania. The weights of the criteria are determined by expert evalu-
ation.

Table 3.6. The cumulative general neural decision-making matrix

2-Pilies 3-Gedimino pr.
Wei Meas
Criteria de- ht & luring Female Male Female Male
scribing al- |* 4| ynits
ternatives I |0 IV | 1[I0 o v | 1|10 Iv| 1|10 v
(=3 (=) (=3 (=) (=] (=] (=) (=) (=] (=] (=] (=] (=] (=] (=] (=3
Price |-[ 08 [€¢/m*| 2|2 |2 2|2 |2 2|2 |8 23|82 3|%8|
Type of resi-
dential hous- |+|0.166 71989877858 |5/6|9,7,7|9
ing unit
Ownership
form of resi-| 16 073 lpoints 5 | 8 |8 |77 65|69 |87 8 8 5| 5|8
dential
dwelling
Building ma- || noclpoinig o |6 | 8|7 88 |99 6|7 /3|6 6|9 86
terials
Noise and air| | o o poins| 8 | 8 | 77|76 |8 8|6 8 5/ 7 8/ 9|99
pollution
Energy con-
sumption
(floorheat- | 1, o) boints 8 |9 |6 7|7 699 6|7 4|5 7/8|8]|7
ing, renewa-
ble energy
sources etc.)
Aesthetic | 1, o 9|8 778 798 68|46/ 6|9 9|7
properties
Environmental influences
Urban .
. +|/0.144Points| 9 | 6 | 8 | 7 |8 |7 /9|9 |7 7|7 |6 58|86
quality
Green spaces|+[0.09Points) 6 | 7 | 6 |6 |6 | 6 | 796|758 |7,9]9]|7
Sums of weighted normalized g g § § g g g § § g g E 505 § g §
max indices (“pluses”, S+) | S | S| S| S| |S|S|3|S|S|3S|s|3|3|s|3
Sums of weighted normalized g g g § % g g g § § § § § 5 g g
min indices (“minuses”,S-) | S | S | S| S| S| S| s|s|s|s|s|s|s|s|s|3
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End of the Table 3.6

Sums of weightednormalized| 2 | & [T | X | I [ | R3[| S |2/ & &8 5|8
.. . oo . (=) (=) (=) (=) o o (=) [« (=) [ [ (=) (=) (=) [ (=)
min indices (“minuses”,S-) | S | S | S| S | S| ||| |s|s|s|38| 3|3
Significance Q of housingunitl S | & | & | & | $ | R |2 |2 | X |2 | & |28 | |2 | &
. | 3|3 |s|a|s|=|a|a|s5|a|8|s|a|a|3
alternatives S|lo|oc|s|c|lc|c|c|oc|c|cs|cs|c|c|s| o
Priority of housing unit
Y using 1 /6 16| 8 15|13 |2 (12| 4 |11| 3 | 9 | 7 |10|14 | 5
alternatives
Utility degree N of housing | 9 2|8 BRI 8|82 %285 8|8 R &I
unit alternatives (%) IS |IRISIRISNLILNE|=|88(8|12/28|%
*Target age groups: 1 —(20-30) 11-(31-40) I11-(41-50) IV -(51-60)

Carrying out a multi-criteria evaluation of two locations, Site 1 (2 — Pilies
Street) has the highest demand among women in the age group of 21-30 years
(N1 = 100%). It also took second place in terms of the best demand among men
in the age group of 41-50 years (N2 = 95.07%). Site 1 performed the lowest de-
mand upon females in the 41-50-year age group (N16 = 79.67%). The results
show that people between the ages of 20 and 40 are generally looking for cheaper
properties than older buyers, but the degree of usefulness and priority level of
green and energy-efficient housing projects are higher for passers-by aged 21—
30 yy. then the older group. Males are more oriented to technical aspects. Their
interests are in the state of the building, the used construction materials, and the
decisions made by engineers. While females generally pay more attention to the
emotional aspects and the comforts of life for themselves and their families. Se-
curity, children’s playgrounds, sunshine entering the housing unit and kitchen
size — these are the things to which women pay greater attention.

3.3. Comparison of the Emotional-Physiological
States of Passersby in Case Study 2 with Worldwide
Practice and its Validation

3.3.1. Data correlation according to circadian rhythm

The obtained results were compared with worldwide studies. For example, many
research shows that happiness increases as sadness decreases (e.g., Storbeck et al.,
2019; Yilmaz et al., 2019). This relationship between the data is shown in Fig-
ure 3.2.
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Fig. 3.2. Dependency between sad, angry and happy states (created by the author)

A notably larger heart rate cycle was observed in the emotions of happiness,
which is consistent with a study by Siedlecka & Denson (2019). Also, other au-
thors show that happiness reduces heart rate (Mohamed et al., 2020). The correla-
tion signs shown in Table 3.7 are consistent with studies conducted around the
world (Li et al., 2020; Yang et al., 2018).

Table 3.7. Correlations between the level of happiness, sadness and heart rate variability
obtained in this experiment and the data of other scientists

Happy | Happy Happy YHappy ! Sad Sad | Sad? | Sad? | Anger  Anger = Anger?®
Case = Case |Female| Male @ Case | Case |Female Male | Case | Case @ Female
Study 2 Study 2 Study 2 Study 2 Study 2 Study 2
Female | Male Female | Male Female| Male
Happy | — |0.9272 | 0.8366 | 0.3028 |-0.9402|-0.9351 -0.6581 —0.9402 —-0.6663 -0.7402 -0.9354
Case
Study 2
Female
Happy — -0.6286|-0.6246|-0.9899 -0.9972 -0.9735|-0.9446 —0.6154-0.9634 -0.9242
Case
Study 2
Male
Happy * — 0.0913 |-0.7303/-0.5036 —0.7376 —0.7473|-0.4731| 0.0281  0.1259
Female
Happy * — |-0.9523/-0.9815 -0.5789 -0.5665 -0.9787|-0.7789| -0.8742
Male
Sad — 1 0.9951 0.1349 | 0.9807 | 0.9019 0.8718 | 0.9687
Case
Study 2
Female
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End of the Table 3.7

Happy | Happy Happy YHappy ! Sad Sad | Sad? Sad? | Anger | Anger Anger® Happy
Case | Case |Female| Male @ Case & Case Female| Male | Case @ Case |Female Case Study
Study 2 |Study 2 Study 2 Study 2 Study 2 |Study 2 2 Female
Female| Male Female Male Female| Male
Sad — 109951  0.1349 0.9807 0.9019  0.8718 | 0.9687
Case
Study 2
Female
Sad — 1 0.8756 0.8558 0.6533|0.8876 | 0.9335

Case
Study 2
Male

Sad 2 — 10.9895  0.2509 | 0.9605  0.7176
Female

Sad 2 — 10.2207  0.9243 | 0.7425
Male

Anger — |0.7526 | 0.5079
Case
Study 2
Female
Anger — 0.8321
Case
Study 2
Male
Anger 3 —
Female

*Authors: Happy * — Blanchflower, 2021  Sad ? - Newport, 2019 Angry 2 - Stone et al., 2019

Many authors mentioned that heart rate depends on the temperature of the air
(Zheng et al., 2019, Breitner et al., 2019), circadian rhythm (Morelli et al., 2019),
age (on average up to 100 beats per minute for babies under 2 years old, 95 beats
per minute for children 3—7 years old, 80 for children 8-14 years old, 70-75 for
adults and 70-73 for the elderly), physical activity, various diseases and some
medicines, fever (it increases to 8-10 beats per minute), gender (female have a
higher heart rate than male), intense emotions such as anger, fear and stress,
(Shu et al., 2020), energy products (coffee, tea and cigarettes), environment and
other factors. The resting heart rate ranges from 60 to 100 beats per minute for
most adults.

Many studies around the world have measured levels of happiness, sadness,
surprise, heart rate variability, etc in natural environments. As a rule, these studies
provide alternative explanations for variation in emotion. However, they identi-
fied very precise trends and correlations in specific areas such as age, physical
activity, wind, air temperature, air pollution, atmospheric pressure, medications
and diseases, fever, excitement, intense emotions, tonic foods energy, daily
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rhythm, environment and other factors. The following sections provide an over-
view of several studies. Table 3.7 shows the correlation dependents between heart
rate, level of happiness and sadness, obtained in this experiment, and the same
data obtained by other authors during the day (circadian rhythm). According to
Dzogang (2017) on weekdays, the level of sadness reaches the minimum at 5 a.m.
of the morning, followed by the maximum value at 8 a.m. Anger has a minimum
value in the morning: at 9-10 a.m., but reaches the maximum in the night after 9—
10 p.m. Positive emotions reach the minimum at 8 a.m. followed by a visible in-
crease after 8 p.m. Different authors present this correlation in the form of a
U-shaped curve, where the highest level of happiness is fixed at each end of the
curve (Larson, 2019). Provided experiment in Case Study 2 showed the same re-
sults (see Fig. 3.3).
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Fig. 3.3. Curves of emational states during the day (created by the author)

Based on collected data (see Table 3.8) from Vilnius and other authors (e.g.,
Morelli et al., 2019; Newport & Pelham, 2019; Stone et al., 2018; Blanchflower,
2021; Gupta et al., 2018) were calculated for the coefficient of correlation in such
data sets, Happiness Case Study 2 (data from 2-Pilies), Heart Rate Case Study 2
Female & Male (11-Lukiskes), Happiness (Blanchflower, 2021) Heart Rate Fe-
male & Male (Morelli et al., 2019) etc.
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Table 3.8. Collected data according to hours

Happy I;e;ret sgl;e Anger Sur- Heart
SEJZS;Z Case Case SEJZS; 2 Anger' | Sad” prise® Happy* Rate®
Study 2 | Study 2
1 28.94 94.99 8.79 5.12 8.25 18.57 6.71 0.06 73.97
2 31.50 61.68 8.22 5.37 7.11 0.01 2.79 0.05 68.18
3 31.71 75.35 8.50 6.19 5.96 8.57 243 0.05 63.51
4 37.63 78.96 8.21 5.89 9.39 19.29 2.57 0.05 59.66
4 37.63 78.96 8.21 5.89 9.39 19.29 2.57 0.05 59.66
5 36.45 72.96 8.10 5.46 11.68 20.71 2.29 0.05 57.43
6 34.39 73.63 9.56 5.28 16.24 | 27.14 2.36 0.05 63.43
7 15.30 73.26 6.66 4.62 12.82 34.29 2.57 0.05 68.89
8 9.47 66.11 4.67 4,95 13.96 | 40.00 1.86 0.05 75.99
9 9.33 65.11 421 6.71 29.95 | 26.43 2.50 0.05 85.56
10 9.52 64.72 3.55 7.85 31.09 35.71 2.64 0.05 95.94
g 11 9.79 64.00 3.44 7.58 33.38 | 33.57 3.93 0.05 98.12
5]
T 12 10.32 65.24 3.90 6.98 23.10 24.29 2.71 0.05 99.18
13 11.41 65.64 4.23 6.74 19.67 17.86 257 0.05 99.41
14 11.59 66.39 4.42 6.70 16.24 | 25.00 3.79 0.05 94.57
15 11.44 65.17 4.61 6.34 25.38 35.71 4.00 0.05 88.67
16 11.47 67.24 4.79 6.22 18.53 | 42.14 3.29 0.05 84.10
17 11.23 64.69 5.53 5.33 13.96 | 3357 3.79 0.05 81.69
18 13.73 63.98 7.80 3.37 15.10 33.57 471 0.05 81.78
19 14.62 66.69 8.32 3.24 5.96 19.29 6.07 0.05 84.27
20 16.74 71.43 9.13 2.92 5.96 26.43 3.07 0.06 86.49
21 18.79 68.86 10.38 3.09 4.82 17.14 2.71 0.06 87.33
22 28.36 73.19 8.93 5.76 5.96 18.57 6.71 0.06 80.38
23 28.94 95.00 8.79 5.12 8.25 0.00 2.79 0.06 73.97

*Authors: Anger * — Stone et al., 2019; Sad ? — Newport, 2019; Surprise  — Gupta et al., 2018;
Happy - Blanchflower, 2021; Heart Rate °— Moreli et al., 2019
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Table 3.9. Correlation between obtained data in Case Study 2 and data obtained by other
authors

Happy HR Surprise  Disgust Heart
Case Case Case Case | Anger! Sad? |Surprise® Happy* Rate 5
Study 2 | Study 2 | Study 2 | Study 2
Happy
Case Study — 0.5889 | 0.7277 | -0.1528 | —0.5557 | —0.6249 | 0.2626 | 0.6036 | —0.8525
2
Heart Rate
Case Study — 0.5115 -0.2055 | 0.5796 | —-0.2065 @ 0.3351 0.2435 | -0.48988
2
Surprise
Case Study — -0.7139 | -0.8201 -0.18071  0.6258 | 0.1829 | -0.6298
2
Surprise
Case Study — -0.7139 | -0.8201 -0.18071| 0.6258 | 0.1829 | -0.6298
2
Disgust
Case Study — 0.7335 | -0.1321 | -0.4692 | —0.0233 @ 0.2966
2
Anger * — 0.4723 | -0.3571 | -0.214 0.5592
Sad 2 — -0.0434 | -0.6121 @ 0.2801
Surprise 3 — 06316 | 0.1822
Happy * — -0.1149
Heart o
Rate ®

*Authors: Anger * — Stone et al., 2019; Sad 2 — Newport, 2019; Surprise  — Gupta et al., 2018;
Happy * — Blanchflower, 2021; Heart Rate 5 — Moreli et al., 2019

To better demonstrate the results were performed graphs of correlation be-
tween collected data during the experiment and obtained data from other authors.
Figures below show the correlation between happiness (see Fig. 3.4), sadness (see
Fig. 3.5), angry (see Fig. 3.6) during circadian rhythm. First figure 3.4 shows that
the correlation between the level of happiness measured in the case study and its
level obtained by Blanchflower (2021) equals 0.603627.
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Fig. 3.4. The U-shaped curve of correlation between the happiness measured in Case
Study 2 and by Blanchflower, 2021 (created by the author)

Diurnal changes were noticeable in psychological statements such as “stren-
uous, demanding”, “angry, sadness” and “‘stress’, which are all presented by an
inverted U-shape curve (Scheibe, 2021). Figures 3.5-3.6 show an inverted U-
shape curve of correlation between the level of sadness and anger measured in the
survey and its levels gotten by another author (Stone et al., 2018, Scheibe, 2021).
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Fig. 3.5. Inverted U-shaped curve of correlation between the level of sadness measured
in the survey and its level gotten by Scheibe, 2021 (created by the author)
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Fig. 3.6. Correlation between the angry levels measured in Case Study 2 and
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Figure 3.7 shows while happiness decreases, heart rate increases, as well (Lin
etal., 2019, Shu et al., 2020). A notably larger heart rate cycle was observed dur-
ing negative emotions, which is consistent with a study by Siedlecka & Denson
(2019). Also, other authors show that happiness reduces heart rate (Mohamed
etal., 2020).
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3.3.2. Data correlation according to weekdays

The next important investigation was to explore changes in the emotions by week-
days. To obtain results were calculated the coefficient of correlation between da-
tasets from Vilnius (e.g., sad, happy, angry) and Internet sources as well (e.g.,
Newport & Pelham, 2019, Stone et al., 2018; Blanchflower, 2021). These results
reveal the characteristics of the emotional states in the city and provide support
for analyzing the happiness of passers-by in the city and help optimize the criteria
of the building environment. All data is grouped into the following days:
Monday — Sunday (see Table 3.10).

Table 3.10. Data of emotional states by weekdays

Weekday Monday Tuesday  Wednesday| Thursday Friday | Saturday Saturday
Sad
Case Study 2 12.13 12.18 11.79 11.59 12.73 15.05 16.37
Happy 15.34 15.49 14.82 1553 1393 | 1302 1251
Case Study 2
Anger
Case Study 2 12.92 14.03 13.11 14.33 14.20 13.62 13.61
Sad* 13.23 13.27 11.98 11.82 14.24 14.92 17.06
Happy 2 12.22 13.18 12.41 14.46 12.82 10.63 10.10
Anger * 14.22 15.08 13.28 15.67 15.47 14.72 13.72

*Authors: Sad * — Newport, 2019; Happy 2 — Blanchflower; Anger 3 — Stone et al., 2019
Based on the calculated coefficient of correlation between datasets from Vil-

nius and data from other studies was created the matrix, which shows the strong
correlation between Vilnius and Internet data (see Table 3.11).

Table 3.11. Correlation analysis results

*Authors: Sad * — Newport, 2019; Happy 2 — Blanchflower, 2021; Anger ® — Stone et al., 2019

Sad Happy Anger 1 ) 3
Case Study 2 | Case Study 2 | Case Study 2 Sad Happy Anger
Sad
Case Study 2 — -0.4477 0.7371 0.6883 -0.9429 0.6133
Happy
Case Study 2 — -0.8442 -0.9087 0.2999 -0.1363
Anger
Case Study 2 — 0.9891 -0.6477 0.6302
Sad ! -0.5962 0.5107
Happy 2 — -0.6119
Anger 3 —
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Taking collected data shows six curves, three of which include emotional
states from Vilnius city (happiness, sadness, anger), and the same data which were
identified from worldwide research. The results obtained by this study also con-
firm this (see Fig. 3.8).

18.00
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16.00 /
15.00 __——'_\/ : 7~

14.00 /\/
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13.00

12.00 ——\/
11.00

10.00

9.00

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
s Happiness Case Study 2 s Sadness Case Study 2 s Anger Case Study 2
Happiness Blanchflower, 2021 Sadness Newport, 2019 Anger Stone et al., 2018

Fig. 3.8. Analysis of emotional states by weekdays (created by author)

The next step was to perform the graphs, for better demonstrate the correla-
tion, data collected in Vilnius was divided by 200 for the correct presentation of
it (see Table 3.12). The results show that the calculation in Case Study 2 is similar
to the correlation made by using data from another author.

Table 3.12. Data of emotional states by weekdays (divided by 200)

Weekday Monday Tuesday Wednesday Thursday Friday
Happy
Case Study 2 5.5584 5.3077 5.4239 5.1489 5.3971
Sad
Case Study 2 15.3392 15.4978 14.8191 15.5351 15.4248
Anger 12.9254 14.0278 13.1127 14.3266 14.2030
Case Study 2
Happy * 0.1021 0.0547 0.0865 0.0559 0.0589
Sad 2 0.0643 0.0764 0.0612 0.0897 0.0668
Anger * 0.0030 0.0025 0.0022 0.0030 0.0025

Authors: Happy * — Blanchflower, 2021; Sad ? — Newport, 2019; Anger * — Stone et al., 2019
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Weekends were rated as days with a higher value of happiness and lower
sense of negative emotions in contrast to working days. Daily studies confirm that
sadness or anger increases during the weekdays. This explains that during week-
days people are less resilient to work stress and daily stressors are a negative effect
on their well-being. The figures below show the day-to-day (Monday — Friday)
changes in emotional states. The results obtained by this study confirm the inves-
tigations of another author.

0.045 0.028
0.04 0.0275
0,035 0.027
0.03 0.0265
0.025 0.026
0.02 0.0255
0.15 0.025
0.01 0.0245
Monday Tuesday Wednesday Thursday Friday
Weekdays

== Happy Blanchflower, 2021 === Happy Case Study 2

Fig. 3.9. Correlation between the dataset of happiness in Vilnius and by Blanchflower,
2021 (created by the author)
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Sadness Newport, 2019 Sadness Case Study 2

Fig. 3.10. Correlation between the dataset of sadness in Vilnius and by Newport &
Pelham, 2019 (created by the author)
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Fig. 3.11. Correlation between dataset of anger in Vilnius and by Stone et al., 2018
(created by the author)

The completed study showed that in order to ensure the effective perfor-
mance of the life cycle of the building environment, it is important to take into
account the emotional state of potential buyers (Pollack, 2021). Positive emotions
play an important role in the decision to buy or rent energy-efficient housing. The
results show that energy-efficient renovations impact satisfaction and positive
emotional states of people. Understanding daily emotional states is important clue
for successfully managing green and energy-efficient building advertisements.

3.4. Conclusions of the Third Chapter

This Chapter covers how to measure the segmentation of crowd composition ef-
fects (by age and gender), and emotional and physiological indicators of potential
buyers.

1. The method obtained in this chapter allows to integrate the affective atti-
tudes of customers, their emotional (e.g., happiness, sadness, anger, etc.)
and physiological state (heart rate variability) with the help of a decision-
making neuromatrix. Extensive data from the analysis of the affective
attitude, and physiological and emotional state of passers-by in the exam-
ple of real building structures in Vilnius, Lithuania were processed.

2. As part of this study, the provided data were applied to the multi-criteria
analysis of neuromarketing and video advertising for different consumer
segments in the construction industry using neurodecision tables. When
the developed method is used, millions of alternative advertising variants
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can be generated and evaluated against a system of criteria, values and
weights to pick a rational neuro-marketing alternative. These are the main
differences between earlier findings and available neuromarketing meth-
ods.

After testing the proposed method using neurodecision tables, it was
found that with their help, the organisation can analyze benefits and costs
in neuromarketing to identify the most rational segments of consumers
and conduct analysis according to several criteria. The study has con-
firmed that residential neuromarketing requires a comprehensive ap-
proach to take into account the most rational segments of consumers, de-
sired apartment features, individual differences, the impact of the
environment on the property, and physiological and emotional states.
Further research should be conducted on the application of the decision-
making neuromatrix and the developed method on a larger scale, per-
forming neuromarketing for agricultural organisations, industrial design,
business management, services, branding, architecture and work environ-
ment, politics and social units.



General Conclusions

The present study aims to develop an intelligent decision support system for the
sustainable renovation of a built environment by applying a framework and meth-
ods for the collection, measurement and analysis of data on physiological and
emotional states. The following conclusions can be drawn.

1.

After conducting an analytical survey of the most recent scientific re-
search, it was noted that there is no analytical-recommended method of
integration for the sustainable renovation of a built environment, which
would comprehensively analyze all its life cycles of it. Also in different
strategies related to sustainable built renovation, were identified numer-
ous shortcomings and limitations in the approaches and methods used by
various authors. The presented research could justify its contribution to
overcoming the limitations of previous scholars by proposing a frame-
work for the influence of the urban built environment on people's emo-
tions.

In the Second Chapter was developed a multicriteria analysis of building
reconstruction is based on the COPRAS method and the usage of Fac-
eReader software for automatic emotion recognition with specific de-
vices for measuring heart rate variability. Also was performed a compre-
hensive analysis of emotional and rational market segments by
demographic criteria, psychographics and consumer behaviour criteria.
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4,

The developed method of multi-variate design and multicriteria analysis
of building reconstruction was tested in a real construction project in
Kyiv, Ukraine. An important difference between the proposed method
and the considered methods is the possibility for residents to indirectly
participate in the management of activities and maintenance of the built
environment. The presented research has shown the influence of emo-
tions on the decision-making process during building renovation, emo-
tions increase the value of each alternative.

By using FaceReader and wearable devices were collected 226 810 valid
samples and presented comparing subjective and objective measures of
physiological and emotional states in the built environment. A measure
was taken to compare the influence of participants' six main emotions on
the alternatives for the reconstruction project. During the experiment was
noticeable that the value of happiness changed, for example, the partici-
pants feel happier with the Parameter of noise pollution (0.8999; 0.9173;
0.9259 etc) compared with the Price (0.048; 0.0568; 0.0623; etc) and val-
ues of surprise are significantly higher while viewing Price (0.2589;
0.2565; 0.2538 etc.) compared with Maximum glass unit thickness
(0.0018; 0.0019; 0.002 etc), referring to comparisons in section 2.2.1.
The proposed method allows to development of recommendations for im-
proving quality-of-life indicators. The practical implementation of the
presented model allows avoiding irrational and subjective decisions re-
garding the reconstruction of buildings, and helps to identify options for
reconstruction that have a greater effect and require less investment. For
a more accurate and wide practical application of the proposed model,
was developed an automation process in an Intelligent database (using
the Python language).

A developed automated system makes it possible to assess the level of
efficiency of the reconstruction of the building, assess the current situa-
tion in the real estate sector based on past data, and draw conclusions
about changes in the housing sector. The neuromatrix of decisions, as
well as physiological and emotional maps, can be used as input to deter-
mine the value of public space. The performance evaluation system for
the criteria of the DSS for sustainable development displays a graduated
rating. Depending on the criteria developed in this study, they are divided
into quantitative and qualitative. Aspects that correspond to quantitative
indicators in the Value Map are mostly quantifiable, such as duration of
work, costs or service life, which can be measured objectively. Qualita-
tive aspects mean that they need to be evaluated qualitatively. For recon-
struction projects to meet the requirements of sustainable development,
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it is important to consider the interaction and interdependence of qualita-
tive and quantitative factors that correspond to subjective and objective
values during the life cycle of the project.

5. The research in the Third Chapter aimed to create Affect-Based Built En-
vironment Video Analytics (BEST) to analyze and collect different types
of data: physiological and emotional states, affective attitudes, weather
conditions, pollution, etc. Extensive data were processed by the example
of real building structures in Vilnius, Lithuania. The innovation is that
considered data types are interconnected in a built environment and can
be used with the help of a non-contact approach with contactless biomet-
rics. This built environment data can be used for multi-criteria analysis
of the architectural environment and to prepare recommendations for in-
terested parties using neurodecision tables. Stakeholders (architects, ur-
ban planners, landowners, environmentalists, etc.) can apply this data set
to make effective decisions based on a resident-oriented and sustainable
environmental approach.

6. The next weighty step in this research was to collate objective and sub-
jective indicators of psychological effects and emotions in an anthropo-
genic environment. Previous researchers that studied and analyzed the
data on affective expression, the physiological and emotional state of hu-
mans in built environments have considered only a small sample of data,
and the presented research in this dissertation contains a large sample of
affective attitudes dataset. It can also be argued that the proposed method
increases this line of research compared to the research of other scientists.
A much larger number of indicators can be comprehensively analyzed by
conducting biometric studies with the help of remote tracking, contactless
biometrics and the BEST method.

7. The research confirmed that housing neuromarketing requires an inte-
grated approach to take into account the most rational segments of con-
sumers, desirable features of the apartment, individual differences, the
impact of the environment on the property, and emotional and physiolog-
ical state. This can be achieved by using neural decision tables, the data
above can be implemented in neuromarketing to identify the most ra-
tional and logical consumer segments and perform a multi-criteria anal-
ysis of healthy and safe housing. These findings can be helpful for users
who want to apply the evaluation and analysis of human emotions when
there is a necessity of choosing an appropriate method for their goals or
in finding alternative solutions. Considered methodology can be used in
two main contexts (commercial and research) in the construction and ar-
chitecture spheres. It could improve knowledge about the emotional im-
pact that different project parameters can have and therefore contribute
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to the increase of best practices and related normative acts. Several stake-
holder groups deal with the stages of the project life cycle: customers,
designers, contractors, manufacturers and suppliers of materials and
products, users, managers, local governments, etc. Simultaneously, this
method can assist engineers and architects in the decision-making pro-
cess of designing an architectural environment before construction be-
gins, implementation of proposed findings leverage significant gains over
traditional construction techniques, such as a speedy construction or ren-
ovation process, lesser construction waste, improved quality control, and
higher sustainability.
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Summary in Lithuanian

Jvadas

Problemos formulavimas

Tvarios renovacijos procesai yra sudétingesni ir permainingesni, atsizvelgiant j jy plana-
vimo, vykdymo ir sprendimy priémimo procesus nei naujo pastato statybos procesas. Pag-
rindiné idéja — suvokti vykstanéius atnaujinimo sprendimy priémimo procesus ir pateikti
pasitilymus, kaip juos bty galima tobulinti.

Remiantis jvairias tyrimai (pvz., Mouratidis, 2019; Nishant et al., 2020), teigiama,
jog miesto aplinka, tokia kaip vieSosios erdvés, pastatai, zemés naudojimo kompleksisku-
mas, transporto srautai ir kokybiska aplinka, atlieka svarby vaidmenj pirkéjy emocijoms.
Nemazai mokslininky analizavo zmogaus emocijas, subjektyvius tyrimus atliko Roberts
ir kt. (2019), Bower ir kt. (2019), o objektyvius tyrimus atliko Park ir kt. (2019), Labib ir
kt. (2020). Daugelis autoriy (pvz., Labib et al., 2020); Birenboim et al., 2019) analizavo
budus, kaip fiziologinj pojiiti paversti pagrindine miesto planavimo dalimi. Taciau néra
sukurta analitinio-rekomendacinio metodo, skirto integruotai analizuoti tvarig uzstatytg
aplinka, uZstatytos aplinkos gyvavimo cikla bei jos veiksnius. Remiantis esamomis litera-
tliros spragomis, pasitilyta urbanizuotos uzstatytos aplinkos poveikio Zmoniy emocijoms
strukttira ir atlikta tarpusavio rysio tarp emocijy ir pazinimo analizé, kuri gali pateikti
nauja perspektyva miesto tyrimams.
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Darbo aktualumas

Miesto planavimo etape emocijy atpazinimas ir stebé&jimas gali atlikti svarby vaidmen;,
nes psichologinis architektariniy sprendimy poveikis gali turéti tiek neigiamy, tiek tei-
giamy pasekmiy. Taikant Siuos naujus planavimo metodus gali biiti atsizvelgta j iSmaniojo
miesto koncepcijas. Nesunku atsekti peréjima nuo skaitmeniniy prie i$maniyjy miesty,
kaip ir erdviy bei miesty planavimo potencialg (Cinar Umdu & Alakavuk, 2020). Gali-
mybé rinkti duomenis realiuoju laiku ir generuoti informacija apie erdvinius procesus at-
veria naujy miesty analizés galimybiy. Pateikta metodika gali padéti inZinieriams ir archi-
tektams projektuojant uZstatyta aplinka priimti sprendimus prie$ statybos darbus,
renkantis alternatyvas, kurios maksimizuoty emocijy, kurias jie nori sukelti suinteresuo-
tiems asmenims, lygj.

Tyrimo objektas

Disertacijos tyrimo objektas — analitinio rekomendacinio metodo ir Ziniomis pagrjstos
sprendimy paramos sistemos, integruotos su daugiasluoksniu dirbtiniu neuroniniu tinklu,
kiirimo procesas, pasiiilant, kaip pateikti i§ uzstatytos aplinkos gautus duomenis ir priimti
sprendimus bei analizuoti jos gyvavimo cikla.

Darbo tikslas

Sukurti iSmanig sprendimy paramos sistema, skirta tvariam uZstatytos aplinkos atnaujini-
muli, taikant pasitilyta struktiirg, nuoseklius etapus ir metodus duomeny rinkimui, matavi-
mams ir analizei atlikti atsizvelgiant i holistinés uZstatytos aplinkos fiziologines ir emoci-
nes bikles bei ekonominius ir socialinius kriterijus.

Darbo uzdaviniai

Siekiant pasiekti Sio darbo tiksla, darbe sprendziami §ie uzdaviniai:

1. Atlikti naujausiy moksliniy tyrimy, susijusiy su disertacija, analiting apzZvalga.

2. Suformuoti racionalius pastato stabilumo sprendinius renovacijos etape, sukurti
daugiakriter¢ pastato rekonstrukcijos analize, taikant COPRAS metoda ir naudojant ,,Fa-
ceReader programing jranga, bei atlikti praktinj pritaikyma realiame projekte (tyrimo at-
vejis Kijeve, Ukraina).

3. Remiantis pasitilyta neurosprendimy matrica, sudaryti zmoniy fiziologinés ir
emocingés biisenos Zemélapij

4. Taikant sprendimy priémimo neuromatrica, integruoti pirkéjy afektines nuosta-
tas ir jy emocing bei fiziologing biiseng (tyrimo atvejis Vilniuje, Lietuva).

5. Taikyti daugiakritere reklaminiy vaizdo klipy ir neurorinkodaros analiz¢ jvai-
riems vartotojy segmentams statybos sektoriuje, naudojant neurosprendimy lenteles. Taip
pat iStirti vartotojy psichologinio komforto lygius.

6. Atskleisti sprendimy palaikymo sistemy, neraiskiyjy sistemy ir dirbtiniy neuro-
niniy tinkly integravimo naudg modeliuojant racionalius tvariy pastaty sprendimus.



SUMMARY IN LITHUANIAN 123

Tyrimy metodika

Daugiakriteris sprendimy priémimas (MCDM) reiskia, kad minia priima visiskai raciona-
lius sprendimus (Oses et al., 2018). MCDM atveju priimant sprendimus emociné biisena
itakos paprastai nedaro. Subjektyvus Zzmogaus emocijy tyrimas miesto kontekste buvo at-
liktas taikant kokybinius metodus, t. y. saves vertinima ir interviu, siekiant uzfiksuoti sub-
jektyvia zmoniy patirtj ir iStirti jy emocijas.

Objektyvus Zmogaus emocijy tyrimas apémeé biometriniy sistemy ir metody, tokiy
kaip Sirdies ritmo kintamumas, kiino temperatiira ir kt., naudojima (pvz., Kalantari, 2019;
Ergan et al, 2019). Uzfiksuota ir iStirta daugiau nei 200 mln. fiziologiniy ir emociniy
biiseny, oro ir triuk§mo tarSos duomeny.

Daugiakriteré uzstatytos aplinkos analizé turéty buti parengta naudojant neurospren-
dimy lenteles ir vertes (pvz., investicijos, ekonominiai aspektai ir kt.). Taigi moksliné
problema yra didesné ir gilesné, lyginant su ankstesniais tyrimais. Pasifilytas tyrimo me-
todas skatins Zmogaus emocijy stebéjimo plétra analizuojant jvairiy projektavimo para-
metry ir jy jtakg suinteresuoty aliy emocijoms. Sis darbas apima naujo metody rinkinio
sukiirimg naudojant biostatistines ir sensorines technologijas. Pagrindiné idéja — integruoti
virtualigja erdve i fizinj pasaulj, naudojant jutikliy tinklus ir technologijas. Rezultatai gali
biiti naudojami kaip modernizuotas DSS tipas ir gali sukurti nauja dabartiniy planavimo

procesy perspektyva.

Darbo mokslinis naujumas

Rengiant disertacijg gauti toliau nurodyti nauji rezultatai, susije su uzZstatytos aplinkos tva-
rios renovacijos mokslu:

1. Rekomendacijy ir didziyjy duomeny analizés sistema integruota atliekant ty-
rimg.

2. Daugiakriterés analizés ir sprendimy priémimo sistemos, biometriniai metodai
ir sistemos yra integruotos j intelektings ir efektyvios pastaty renovacijos procesa.

3. Pasiillyta ir praktiskai pritaikyta daugiakriteré uzstatytos aplinkos tvarios reno-
vacijos metodika.

4. Pateiktoje sistemoje sprendimy paramos sistema yra integruota su daugiasluoks-
niu dirbtiniu neuroniniu tinklu miesto plétrai.

Mokslinio tyrimo rezultaty praktiné reikSme

Sitilomas metodas ir sukurta sprendimy paramos sistema taip pat gali biiti pritaikyta jvai-
riose civilinés inZinerijos srityse (pvz., statybos, aplinkosaugos, konstrukcijy, transporto
ir vandens istekliy inzinerijoje bei kt.). Pateikta metodika gali biiti praktiskai taikoma dvie-
jose pagrindinése srityse: mokslinéje ir komercinéje. Taip pat §i metodika gali padéti inzi-
nieriams ir architektams priimti sprendimus pastato aplinkos projektiniy sprendiniy klau-
simais prie§ pradedant statybos darbus, o, jgyvendinus siiilomus rezultatus, galima labai
pagerinti tradicinius statybos metodus.
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Ginamieji teiginiai
Toliau pateikiami teiginiai, pagrjsti dabartinés disertacijos rezultatais, gali biiti oficialios
gintinos hipotezés:

1. Darnus vystymasis turéty biti suprantamas kaip aplinkosaugos, socialiniy ir

ekonominiy rodikliy integravimas ir kaip holistinés saugios, sveikos ir ekologiskos uzsta-
tytos aplinkos kiirimas.

2. Sukurta ekologisky ir energiskai efektyviy pastaty daugiakriterio vertinimo
sprendiniy sistema ir rekomendacijos leidzia nustatyti pastaty sveikumo klase ir jvertinti
biisto rizikas.

3. Sukurta rekomendacijy sistema yra efektyvi rizikos valdymo priemoné, lei-
dzianti namy savininkams, gyventojams ir kitiems suinteresuotiesiems asmenims jvertinti
kylancias grésmes ir sumazinti jy tikimybe.

4. Sukurtas darnaus uzstatytos aplinkos atnaujinimo metodas ir sistema jgalina
suinteresuotuosius asmenis tiksliau, greiciau ir efektyviau spresti kylancias biisto proble-
mas.

Darbo rezultaty aprobavimas

Svarbiausi mokslinio tyrimo rezultatai buvo paskelbti keturiose mokslinése publikaci-
jose:

— Kaklauskas, A., Zavadskas, E. K., Bardauskiene, D., Cerkauskas, J., Ubarte, 1.,
Seniut, M., ..., & Velykorusova, A. (2019). An affect-based built environment video ana-
lytics. Automation in Construction, 106, 102888.

— Kaklauskas, A., Ubarte, I., Kalibatas, D., Lill, I., Velykorusova, A., Volgi-
nas, P., ..., & Naumcik, A. (2019). A multisensory, green, and energy efficient housing
neuromarketing method. Energies, 12(20), 3836.

— Kaklauskas, A., Velykorusova A., & Skirmantas D. (2019). Development of the
video neuroadvertising method and recommender system. In The 17th Colloguium ,,Sus-
tainable decisions in the built environment* and Meeting of EURO working group "OR
in sustainable development and civil engineering ”. Technika. 10.20334/2019-013-M

— Velykorusova A., Zavadskas E.K., Tupenaite L., ..., & Kaklauskas A. (2023). In-
telligent multi-criteria decision support for renovation solutions for a building based on
emotion recognition by applying the COPRAS method and BIM integration. Appl. Sci.,
13, 5453. https://doi.org/10.3390/app13095453

Rengiant disertacijg atlikto tyrimo rezultatai buvo pristatyti tarptautinése mugeése ir
mokslinése konferencijose Lietuvoje ir uzsienyje:

—  Europos kultiros paveldo novatoriy mugé, 2018 m. lapkri¢io 15-16 d., Briuse-
lis, Belgija. Pristatymas: Kaklauskas A., Velykorusova A., Cerkauskas, J. ir Binkyté-Veé-
liené A. ROCK videonauroanalitika ir iSmani ap$vietimo sistema.

—  17-asis kolokviumas ,,Darniis sprendimai uZzstatytoje aplinkoje ir EURO darbo
grupés ,,ARBA darnioje plétroje ir civilinéje inZinerijoje* posédis, 2019 m. geguzés 15 d.,
Vilnius, Lietuva. Pristatymas: Kaklauskas A., Velykorusova A. ir Skirmantas D. (2019).
Vaizdo neuroreklamos metodo ir rekomendacijy sistemos kiirimas.
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—  13-0ji tarptautiné konferencija ,,Siuolaikinés statybinés medziagos, konstrukci-
jos ir technologijos®, 2019 m. geguzés 16-17 d., Vilnius, Lietuva. Stendas: Kaklauskas A.,
Velykorusova A. ir Skirmantas D. Videoneuroreklamos metodo ir rekomendacijy siste-
mos kiirimas.

—  9-asis konsorciumo susitikimas ir 3-iosios tarptautinés dirbtuvés spalio 17-21
dienomis, 2022 m. Taline, Estijoje. Pristatymas: Velykorusova A. Tvarios renovacijos is-
manus daugiakriteris sprendimy priémimas, pagristas emocijy atpazinimu.

—  26-0ji Lietuvos jaunyjy mokslininky konferencija ,,Mokslas — Lietuvos ateitis*
Statyba. Sekcija ,,Statybos valdymas ir nekilnojamasis turtas®, 2023 m. balandzio 13 d.,
Vilnius, Lietuva. Pristatymas: Velykorusova A. Intelektiné sprendimy paramos sistema,
skirta tvariai uzstatytos aplinkos renovacijai.

Disertacijoje atlikto tyrimo rezultatai buvo jgyvendinti keliuose projektuose:

,Horizon 2020%. Kulttirinio paveldo regeneravimas ir optimizavimas kirybi-
niuose ir Ziniy miestuose (ROCK), 2017-2021.

,Horizon 2020%. Pastato informacinio modelio pagrindu sukurtos priemonés ir
technologijos greitam ir efektyviam gyvenamuyjy pastaty renovavimui (BIM4REN), 2018—
2022.

,Erasmus+“ programa. Koronaviruso poveikio sumazinimas uzstatytoje aplin-
koje (MICROBE), 2020-2023.

»Erasmus+ programa. Integruotas vartotojy elgsena pagrijstas Svietimas energi-
nio efektyvumo ir klimato kaitos srityse Rusijos, Sri Lankos ir BangladeSo universitetuose
(BECK), 2020-2023.

Disertacijos struktura

Disertacijg sudaro jvadas, trys skyriai, bendrosios i$vados, literatliros sgrasas ir autorés
moksliniy publikacijy disertacijos tema saraSas. Taip pat yra trys priedai.

Darbo apimtis — 132 puslapiai, nejskaitant priedy, 9 sunumeruotos formulés, 30 pa-
veiksly ir 33 lentelés, pateiktos tekste, rasant disertacijg remtasi 111 literatros $altiniy.

1. Moksliniy tyrimy disertacijos tema apzvalga

Pirmajame skyriuje atlikta literatiros analizé tvarios uzstatytos aplinkos tema, apimanti
2015-2021 mety laikotarpj, analizuojami tvarumo sertifikavimo sistemy metodai (pvz.,
BREEAM, LEED) ir jy mokslinis aspektas, atsizvelgiant j tvarumo vertinimg ir platy nau-
dojimg statybos pramonéje, pabréziama bisto svarbg sveikatai ir saugumui, pateikiami
esami tvarumo vertinimo metodai, siekiant atlikti holistinj vertinima pagal tvarios reno-
vacijos rekomendacijas. Siame skyriuje analizuojama moksliné literatiira apie pasaulyje
taikomus tvarios uzstatytos aplinkos renovavimo metodus. Taip pat nagrinéjamos moks-
lininky sukurtos pasaulinés intelektinés sprendimy paramos sistemos (rekomendacings,
patariamosios, ekspertinés, duomeny gavyba, duomeny analizés integravimas, dirbtiniai
neuroniniai tinklai, aplinkos intelektas, biometrika, daikty internetas ir jo integravimas j
sprendimy paramos sistemas).
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Remiantis pirmajame skyriuje atlikta analize, galima daryti i§vadas, jog:

1. Didé¢jant susidoméjimui tvarios uzstatytos aplinkos renovavimo metodais ir inte-
lektiniy sprendimy paramos sistemy pritaikymo galimybémis, integruojant neuroninius
tinklus, Ziniomis pagrjstas sistemas bei neraiskiasias sistemas, sukurta integruota spren-
dimy paramos sistema, skirta miesto urbanizacijai ir sprendimy priémimui. Integruojant
ziniomis pagrijstas sistemas, neraiskiasias sistemas ir dirbtinius neuroninius tinklus, integ-
ruota sistema padeda tiksliau atlikti skai¢iavimus sprendimui priimti ir didina integruoty
sistemy taikymo masta.

2. Pasitilytas modelis, kuriam reikalinga sprendimy paramos sistemos ir daugiakrite-
rés analizés integracija. Remiantis sukurta automatizuota sistema, galima jvertinti pastaty
renovacijos efektyvumo lygi, esamg nekilnojamojo turto rinkos situacijg ir padaryti iSva-
das apie biisto sektoriaus poky¢ius ateityje.

3. Sprendimy neuromatrica, fiziologiniai ir emociniai Zemélapiai gali biiti naudojami
siekiant nustatyti vieSosios erdvés verte. Atsizvelgiant j pastebétus trikumus atlikus lite-
ratiiros analizg, sitilomas uzstatytos aplinkos poveikio Zmoniy emocijoms vertinimas. De-
talesné emocijy ir pazinimo ry$io analizé sukuria naujg perspektyva miesto visuomenés
emocijy tyrimams.

2. Metodo ir iSmaniosios sprendimy priémimo sistemos tvariai
uzstatytai aplinkos renovacijai sukurimas

Pasaulyje atliekama daug tyrimy naujy strategijy, irankiy kiirimo ir taikymo srityje, norint
jvertinti pastaty stabilumg ir biikle. Atliekant literatiiros analize aptariami metodai, prie-
zastys ir poreikis kurti §iuos mechanizmus ir jrankius. Taciau néra sukurta analitinio-re-
komendacinio metodo, padedancio integruotai analizuoti tvaria uZstatyta aplinka, uZstaty-
tos aplinkos gyvavimo cikla bei veiksnius, tokius kaip tar$a, ekonominé aplinka, fiziologi-
niai minios rodikliai (amzZius, lytis), emociné (laimé, litidesys, nuostaba ir kt.) ir fiziolo-
giné (pulso daznio pokyciai) biisena.

Remiantis literatiiros analize ir nustatytais trilkumai, sitilomas urbanizuotos uzstaty-
tos aplinkos poveikio Zzmoniy emocijoms mechanizmas. Loginé schema, taikomi metodai
ir disertacijos daliy tarpusavio rySys pateikiamas mokslinio tyrimo schemoje (S.2.1 pav.).

Sukurtas pastato renovavimo daugiavariané¢io projektavimo ir daugiakriterés anali-
z¢és metodas iSsiskiria tuo, jog padeda nustatyti buisto efektyvumo lygij ir pateikia reko-
mendacijas suinteresuotosioms Salims racionaliam biisto valdymui, kuris yra renovuoja-
mas arba kurio statybos plano ankstyvasis etapas yra pradétas.

Rengiant disertacija pasitilytas praktinis daugiavariancio projektavimo ir daugiakri-
terés analizés metodo jgyvendinimas emociniam ir racionaliam rinkos segmentui nustatyti
pagal demografinius, fiziografinius ir vartotojy elgesio kriterijus. Alternatyvy pastato
sprendimy tvarumo vertinimas buvo atliktas taikant daugiakriterius metodus ir sprendimy
priémimo modelj, pagrista COPRAS metodologijos taikymu (Kaklauskas et al., 2006).
Sprendimy modelis jgyvendinamas Siais etapais:

1. Remiantis literattiros analize, sudaryta struktiiriniy sprendimy kriterijy sistema.

2. Sukurtas kompleksinis kriterijy reikSmiy alternatyvoms nustatymo modelis (atsiz-
velgiant ] kiekybines ir kokybines charakteristikas).
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[ I skyrius. Mokslinio tyrimo apzvalga ]

!

f

[ Mokslinio tyrimo trikumy ir problemy suformulavimas

11 skyrius. Metodo ir intelektinés
sprendimy priémimo sistemos tva-
riai uzstatytos aplinkos renovacijai

sukiirimas

111 skyrius.
Daugiakriteris neuroreklamos ap-
gyvendinimo planavimo ir analizés
metodas

! !

ﬂastato tvarumo metodai, vykdant renh /

- Emocijomis grindZiamos uzstatytos
vacija, taikant COPRAS.

aplinkos vaizdo jraso analitinio metodo
- Tvarios uzstatytos aplinkos renovacijos pagrindinés kartotinés fazés.
metodas, taikant automatinj emocijy - Neurosprendimy priémimo matricos sudar:
atpazinima.

ymas.
- Intelektiné sprendimy paramos sistema - Emociniy ir fiziologiniy praeiviy biiseny
tvariai uzstatytos aplinkos renovacijai tai-

palyginimo atvejo analizé su pasauline
kant pulso daznio poky¢ius. praktika ir jo patvirtinimas.

- Intelektinés sprendimy paramos sistemos, K /
skirtos tvariai uzstatytos aplinkos reno-
vaciiai. surinktu duomenu analizé.

~

[ I8vados ir rekomendacijos tyrimams ateityje ]

S2.1 pav. Daktaro disertacijos mokslinio tyrimo planas (parengé autorius)

3. Apskaiciuotos alternatyviy statybos sprendimy rodikliy vertés, atlikta alternatyviy
renovacijos technologijy analiz¢, nustatyti ekonominiai rodikliai (sanaudos) jgyvendinant
alternatyvius statybos sprendimus ir kt.

4. Taikant COPRAS metoda, alternatyvy sprendimai buvo lyginami tarpusavyje at-
sizvelgiant j pastaty stabiluma. Siame etape yra gaunami analizés rezultatai.

Siekiant veiksmingai jgyvendinti pastato renovacijg, biitina atlikti visy jg sudaranéiy
etapy analize: atlikti kokybinio pokalbio analiz¢ (aiSkiau ir giliau suprasti tvarumo krite-
rijy jtraukima j pastato renovacijos procesg) ir nustatyti pirmines kiekybiniy kriterijy jta-
kos vertes. Taip pat nagriné¢jamos alternatyvos, kiekybinés ir kokybinés charakteristikos
yra sugrupuojamos tam tikra tvarka, t. y. parengiama daugiakriteré analizé. Norint pasi-
rinkti efektyviausiag alternatyva, butina atlikti daugiakritere alternatyvy analize sukirus
sprendimy priémimo matrica. Daugiakriteré analizé atlikta taikant COPRAS metoda, ly-
ginant alternatyvius renovacijg sprendinius remiantis tvarumo kriterijais.
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Kitame etape buvo taikomas uzstatytos aplinkos renovacijos metodas, taikant auto-
matinj emocijy atpazinimg. Parengta neurosprendimy priémimo matrica su pradiniais duo-
menimis koreliacijos analizei atlikti, atsizvelgiant j emocing bei fiziologing suinteresuoty
grupiy biiseng pagal lytj ir amziy. Siame etape buvo atlikta tarsos, fiziologiniy minios
rodikliy pagal amziaus ir ly¢iy grupes, emocinés (laimés, litidesio, pykcio ir kt.) ir fizio-
loginés (pulso daznio kintamumo) dalyviy biisenos analizé, kuri buvo vykdoma nuo
2020 m. rugséjo iki 2021 m. rugséjo mén. Tyrimui atlikti buvo taikomi biometriniai me-
todai, naudojama ,,FaceReaderTM* — automatiné veido iSraiSkos atpazinimo programiné
iranga ir dévimieji irenginiai.

Atsizvelgiant j antrajame skyriuje pasitilytus metodus ir modelius bei atlikta analize,
galima teigti:

1. Eksperimentiné analizé padés pagrjsti naujy strategijy ir jrankiy apibréztj bei po-
reikj uzstatytos aplinkos renovacijos procese.

2. Ivertinta eksperimentiniy metody galimybé ir praktinis kiekybiniy subjektyviy
pojiciy rodikliy suderinimas su inZineriniais tikslais architektiirinése koncepcijose ir tech-
nologiniuose statybos sri¢iy sprendimuose. Siai problemai spresti sifiloma naudoti siti-
lomg analitinj-rekomendacinj metoda, kuriuo remiantis sukurta automatizuota sistema.

3. Sukurtasis daugiavariantis projektavimo ir daugiakriterés pastaty renovacijos ana-
lizés metodas iSsiskiria tuo, jog padeda nustatyti biisto efektyvumo lygj ir pateikti reko-
mendacijas suinteresuotosioms $alims racionaliam biisto valdymui, kuris yra renovuoja-
mas arba kurio statybos plano ankstyvasis etapas yra pradétas.

4. Siame skyriuje atlikta emocijy jtakos sprendimy priémimo procesui analizé jgy-
vendinant renovacijos etapus, analizuojant visg uzstatytos aplinkos gyvavimo ciklg. Lygi-
nant sprendimo priémima su integruotais emocijy matavimas ir be jy, skirtumas matomas
toks, kad emocijos netiesiogiai didina kiekvienos alternatyvos verte. Pavyzdziui, lango
alternatyvy sprendimy matrica rodo, kad pagal tradicing analiz¢ pirmosios alternatyvos
naudingumo laipsnis sudaro 92,50 %, o pagal integruoty emociniy biiseny analiz¢ —
94,17 %. Todél kitame skyriuje bus pateikta emociné minios biisenos analiz¢, susijusi su

5. Siekiant didesnio skaidrumo ir patikimumo priimant sprendimus tam tikrose situ-
acijose integruoti tvarumo principai, daugiakriteriai metodai (COPRAS) ir automatiniai
duomeny apdorojimo jrankiai (emociniai ir statistiniai, naudojantis ,,Python* scenarijy).

3. Daugiakriteris neuroreklamos apgyvendinimo planavimo ir
analizés metodas

Remiantis pirmajame skyriuje atlikta literatiros analize ir antrajame skyriuje atliktais
moksliniais tyrimais, nustatyta, jog Zalieji produktai, energiskai efektyvis ir Zalieji pasta-
tai bei aplinkos inovacijos yra labai populiarios bei pla¢iai naudojamos visame pasaulyje.
Siame skyriuje nagrinéjama ir vertinama minios segmentacija pagal lytj ir amziy, taip pat
emociné (laimé, litidesys, nuostaba ir kt.) bei fiziologiné (pulso daznis) galimy pirkéjy
buklé. Vertinant Siuos duomenis, sudaromos salygos i§samiau jvertinti pirkéjy poreikius
ir pasiiilyti pirkéjams palankias aplinkai ir energiskai naudingas statybos alternatyvas.
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Norint pasiekti §j tiksla, buvo sukurtas daugiakriteris neurorinkodaros ir vaizdo jrasy
reklamos analizés metodas. Atvejo analizés metu buvo iSanalizuota daugiau kaip 200 mi-
lijony pojiic¢iy duomeny, susijusiy su fiziologinémis ir emocinémis blisenomis, ir oro tar-
$os rodikliy (CO, NO2, PM10, PM2.5). Metodo pritaikomumui jrodyti pateikiami konk-
retiis aplinkai draugiSky ir energiSkai naudingy pastaty pavyzdziai. Atvejo analizés
rezultatai patvirtinami ankstesniy ir dabartiniy moksliniy tyrimy rezultatais, kuriais tei-
giama, kad rySys tarp atsako ] aplinka ir Zmogaus amziaus iSreiSkiamas atvirkStine U
forma (Ingraham, 2019; Blanchflower, 2021 ir t. t.), o doméjimasis energiniu naudingumu
ir zaliuoju biistu priklauso nuo lyties ir amziaus (Stone, 2018; Graham & Pozuelo, 2017).

Tyrimui atlikti ir duomenimis gauti buvo sudarytas jrangos posistemis, kuris apémé
,FaceReader” programing jranga, ,,Noldus Information Technology* ir ,,XeThru* techno-
logijas. Sio mokslinio tyrimo metu keturiose Vilniaus vietose buvo analizuojami praeiviai,
nustatant jy emocijas ir biometrinius duomenis, valentinguma bei susijaudinimo lygj.

Tuo siekta vykdyti zaliyjy ir energiskai naudingy pastaty pardavimo reklamos kam-
panija, skirta laimingiausiy praeiviy grupei. S3.1 lenteléje pateikti emociniai praeiviy ma-
tavimy duomenys keturiose Vilniaus miesto vietose.

Buvo atlikta daugiakriteré analizé pasirinktose keturiose Vilniaus miesto vietose tai-
kant INVAR metoda, nustatant rinkos segmentus pagal geografinius kriterijus (triukSma
ir oro tar$a keturiose Vilniaus sankryzose), demografinius kriterijus (ly¢iy ir amziaus gru-
piy) ir emocinius praeiviy bliseng.

Sudaryta sprendimy priémimo neuromatrica pagal gautus fiziologinius, emocinés
biisenos ir oro tarSos duomenis. Trec¢iajame skyriuje i$analizuoti biisto alternatyvy krite-
rijai keturiose Vilniaus miesto vietose, kuriose yra didziausias nuomos ir buty pardavimo
poreikis bei didziausias gyventojy tankumas.

$3.1 lentelé. Zmoniy emocijy matavimas keturiuose miestuose

2 —Pilies 3 — Gedimino pr. 11 — Lukigkes 13 — Mindaugo
19 122 (100 %) 31841 (100 %) 15797 (100 %) 38041 (100 %)
Vyrai Moterys Vyrai Moterys Vyrai Moterys Vyrai Moterys
I8 viso: I§ viso: I8 viso: I8 viso: I§ viso: I8 viso: 18 viso: 18 viso:
8005 11117 14 312 17 529 7060 8737 15 638 22403
(41,86 %)| (58,14 %) | (44,95 %) | (55,05 %) | (44,69 %) | (55,31 %) | (41,11 %) | (58,89 %)
20-30 2240 2786 3758 4384 2134 2501 4083 4667
(11,71 %)| (14,57 %) | (11,80 %) | (13,77 %) | (13,51 %) | (15,83 %) | (10,73 %) | (12,27 %)
Am- | 31-40 1498 1627 3726 3995 1483 1412 3059 3481
Fius (7,83%) | (8,51%) | (11,70 %) | (12,55%) | (9,39%) | (8,94 %) | (8,04 %) | (9,15 %)
metais 41-50 2693 3535 4752 5873 2312 2669 4579 6126
(14,08 %)| (18,49 %) | (14,92 %) | (18,44 %) | (14,63 %) | (16,90 %) | (12,04 %) | (16,10 %)
51-60 1574 3169 2076 3277 1131 2155 3917 8129
(8,24 %) | (16,57 %) | (6,53%) | (10,29 %) | (7,16 %) | (13,64 %) | (10,30 %) | (21,37 %)

Atlikus daugiakriterj vertinima ir palyginus gautus rezultatus su kity mokslininky ty-
rimais, galima daryti Sias i§vadas:
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1. Disertacijoje sitlomas metodas leidzia integruoti emocinius ir fiziologinius var-
totojy parametrus, sudarant sprendimy priémimo neuromatrica.

2. Apdoroti issamis duomenys, gauti atlikus praeiviy emocinius matavimus Vil-
niaus mieste (Lietuvoje), atliktos emocinio pozitirio, fiziologinés ir emocinés biisenos a-
nalizés.

3. Atliekant §j tyrima pateiktieji duomenys buvo taikomi naudojantis neurospren-
dimy lentelémis daugiakriterei neurorinkodaros analizei ir vaizdo jrasy reklamai, skirtai
jvairiems vartotojy segmentams statyby pramonéje. Taikant sukurta metoda, galima ge-
neruoti milijonus alternatyviy reklamos varianty ir jvertinti juos lyginant pagal kriterijy
sistemg ir reik§minguma, siekiant parinkti racionalig neurorinkodaros alternatyva. Tali
pagrindiniai skirtumai tarp ankstesniy kity mokslininky i$vady ir naudojamy neurorinko-
daros metody.

4. Taikant pasiiilyta metodg ir neurosprendimy lenteles buvo nustatyta, kad jomis
remdamasi organizacija gali atlikti neurorinkodaros srities naudos ir sanaudy analizg, taip
pat identifikuoti racionaliausius vartotojy segmentus, atlikti analize pagal kelis kriterijus.

5. Atliktas tyrimas patvirtino, kad gyvenamojo basto neurorinkodarai reikalingas
visapusis pozitiris, norint atsizvelgti j racionaliausius vartotojy segmentus, pageidaujamas
buto ypatybes, individualius skirtumus, aplinkos poveikj nuosavybei, fiziologinei ir emo-
cinei biisenai.

6. Reikéty atlikti daugiau moksliniy tyrimy sprendimy priémimo neuromatricos
taikymo tema ir parengti platesnio masto metoda, atliekant Zemés tikio organizacijy, pra-
moninés, verslo valdymo, paslaugy, prekiy zenklo karimo, architekttiros ir darbo aplinkos,
politikos ir socialinés aplinkos neurorinkodarg.

Bendrosios iSvados

Siuo tyrimu siekiama sukurti intelekting sprendimy paramos sistema, skirtg tvariam uzs-
tatytos aplinkos atnaujinimui, taikant pasiiilyta struktiirg ir metodus duomeny rinkimui,
matavimams ir analizei atlikti atsizvelgiant j fiziologines ir emocines biuikles. Toliau pa-
teikiamos iSvados.

1. Atlikus analiting naujausiy moksliniy tyrimy apzvalga, pastebéta, kad néra su-
kurto integruoto analitinio-rekomendacinio tvarios uZstatytos aplinkos atnaujinimo me-
todo, kuris kompleksiskai iSanalizuoty visus jos gyvavimo ciklus. Taip pat jvairiose stra-
tegijose, susijusiose su tvaria statyby renovacija, buvo nustatyta daug trikumy ir
apribojimy autoriy taikomoje metodikoje ir taikomuose metoduose. Pateiktas tyrimas ga-
léty pagristi savo indélj, siekiant jveikti ankstesniy mokslininky nustatytus apribojimus,
pasitilydamas urbanistinés aplinkos jtakos Zmoniy emocijoms sistema.

2. Antrajame skyriuje pateikta sukurta daugiakriteré pastato rekonstrukcijos ana-
lizé, pagrista COPRAS metodu ir ,,FaceReader programine jranga, skirta automatiniam
emocijy atpazinimui su specialiais prietaisais Sirdies ritmo kintamumui matuoti. Taip pat
atlikta i§sami emociniy ir racionaliy rinkos segmenty analizé pagal demografinius, psi-
chografinius ir vartotojy elgsenos kriterijus. Sukurtas pastato rekonstrukcijos daugiava-
riantis projektavimo ir daugiakriterés analizés metodas buvo pritaikytas realiame statybos
projekte Kijeve, Ukrainoje. Svarbus sitilomo ir analizuoty metody skirtumas — galimybé
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gyventojams netiesiogiai dalyvauti uzstatytos aplinkos valdymo ir priezitros veikloje. Pa-
teiktas tyrimas parodé emocijy jtaka sprendimy priémimo procesui renovuojant pastata,
emocijos didina kiekvienos alternatyvos verte.

3. Naudojant ,,FaceReader ir nesiojamuosius prietaisus, buvo surinkta 226 810
tinkamy duomeny, kurie naudoti palyginti subjektyvius ir objektyvius fiziologiniy ir emo-
ciniy biiseny uzstatytoje aplinkoje matavimus. Naudotos priemonés, siekiant palyginti Se-
$iy pagrindiniy dalyviy emocijy itaka rekonstrukcijos projekto alternatyvoms. Eksperi-
mento metu nepastebéta, kad laimingumas pasikeité, pavyzdziui, dalyviai jauciasi
laimingesni dél triuk§mo tarSos parametro (0,8999; 0,9173; 0,9259 ir kt.), palyginti su
kaina (0,048; 0,0568; 0,0623 ir kt.). Taciau nuostabos emocija yra zymiai didesné matant
objekto kaing (0,2589; 0,2565; 0,2538 ir t.t.), palyginti su maksimaliu stiklo paketo storiu
(0,0018; 0,0019; 0,002 ir t.t.), atsizvelgiant j pateiktus palyginimus 2.2.1 skyrelyje. Sialo-
mas metodas leidzia parengti rekomendacijas gyvenimo kokybés rodikliams gerinti. Pa-
teikto modelio praktinis jgyvendinimas leidzia iSvengti neracionaliy ir subjektyviy spren-
dimy dél pastaty rekonstrukcijos, padeda identifikuoti efektyvesnius ir maZiau investicijy
reikalaujancius rekonstrukcijos variantus. Tikslesniam ir platesniam sitilomo modelio
praktiniam pritaikymui buvo sukurtas automatizavimo procesas intelektinéje duomeny
bazéje (naudojant Python kalba).

4. Sukurta automatizuota sistema leidzia jvertinti pastato rekonstrukcijos efekty-
vumo lygi, pagal praeities duomenis jvertinti esamg situacijg nekilnojamojo turto sek-
toriuje, daryti i§vadas apie pokycius biisto sektoriuje. Sprendimy neuromatrica, taip pat
fiziologiniai ir emociniai Zemélapiai gali biiti naudojami kaip jvestis vie$osios erdvés ver-
tei nustatyti. Darnaus vystymosi DSS kriterijy vertinimo sistemoje pateikiamas laipsnis-
kas jvertinimas. Pagal Siame tyrime parengtus kriterijus jie skirstomi j kiekybinius ir ko-
kybinius. Ver¢iy zemélapio kiekybinius rodiklius atitinkantys aspektai daZniausiai yra
kiekybiskai jvertinami, pavyzdziui, darbo trukmé, sagnaudos ar naudojimo trukmé, kuriuos
galima iSmatuoti objektyviai. Kokybiniai aspektai reiskia, kad juos reikia jvertinti koky-
biskai. Tam, kad rekonstrukcijos projektai atitikty darnaus vystymosi reikalavimus,
svarbu atsizvelgti | subjektyvias ir objektyvias vertes atitinkan¢iy kokybiniy ir kiekybiniy
veiksniy sgveika bei tarpusavio priklausomybe projekto gyvavimo ciklo metu.

5. Treciajame skyriuje atliktas tyrimas buvo skirtas sukurti afekting uzstatytos ap-
linkos videoanalitikag (BEST), siekiant analizuoti ir rinkti jvairiy tipy duomenis: fiziologi-
nes ir emocines biisenas, afektines nuostatas, oro salygas, tarsg ir kt. Didieji duomenys
buvo apdoroti realiy pastaty konstrukcijy Vilniuje, Lietuvoje, pavyzdziu. Inovatyvumas
yratas, jog turimi duomeny tipai yra tarpusavyje sujungti uzstatytoje aplinkoje ir gali biiti
pritaikomi naudojant nekontaktinj metoda su bekontakéiais biometriniais duomenimis. Sie
uzstatytos aplinkos duomenys gali biiti naudojami atliekant daugiakritere urbanistinés ap-
linkos analizg ir rengiant rekomendacijas suinteresuotoms $alims naudojant neurospren-
dimy lenteles. Suinteresuotosios Salys (architektai, miesty planuotojai, Zemés savininkai,
aplinkosaugininkai ir kt.) gali taikyti §j duomeny rinkinj, sieckdami priimty efektyvius
sprendimus, pagristus i gyventojus orientuotu ir tvariu aplinkosaugos pozitiriu.

6. Kitas svarbus §io tyrimo Zingsnis — objektyviy ir subjektyviy psichologinio po-
veikio ir emocijy rodikliy palyginimas antropogeninéje aplinkoje. Ankstesni mokslinin-
kai, tyre ir iSanalizave duomenis apie emocing iSraiSka, zmoniy fiziologing ir emocing
biiseng uzstatytoje aplinkoje, atsizvelgé tik j nedidele duomeny imtj, o $ioje disertacijoje
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pateiktame tyrime yra didelis afektiniy nuostaty duomeny rinkinys. Taip pat galima teigti,
kad sitilomas metodas padidina $ig tyrimy kryptj, palyginti su kity mokslininky tyrimais.
Daug didesnj rodikliy skai¢iy galima kompleksiskai iSanalizuoti atliekant biometrinius ty-
rimus taikant nuotolinio sekimo, bekontaktés biometrijos ir BEST metodus.

Tyrimas patvirtino, kad biisto neurorinkodara reikalauja integruoto pozitirio, atsizvelgiant
i racionaliausius vartotojy segmentus, pageidaujamas buto savybes, individualius skirtu-
mus, aplinkos itaka turtui, emocing ir fiziologing buisena. Tai galima pasiekti naudojant
neuroniniy sprendimy lenteles, pirmiau pateikti duomenys gali biiti diegiami neuromarke-
tinge, siekiant nustatyti racionaliausius ir logiSkiausius vartotojy segmentus bei atlikti dau-
giakritere sveiko ir saugaus biisto analize. Sios i§vados gali biiti naudingos vartotojams,
norintiems taikyti zmogaus emocijy vertinimg ir analize, kai reikia pasirinkti tinkama me-
toda savo tikslams pasiekti arba ieSkant alternatyviy sprendimy. Sitiloma metodika gali
biiti taikoma dviejuose pagrindiniuose kontekstuose (komercinéje ir mokslinéje) statybos
ir architektiiros srityse. Tai galéty patobulinti Zinias apie emocinj poveikj, kurj gali turéti
skirtingi projekto parametrai, ir taip prisidéti prie geriausios praktikos ir susijusiy normi-
niy akty tikslinimo. Yra kelios suinteresuotyjy Saliy grupés, nagrinéjancios projekto gy-
vavimo ciklo etapus: klientai, projektuotojai, rangovai, medziagy ir produkty gamintojai
bei tiekéjai, vartotojai, vadovai, vietos valdzios institucijos ir kt. Kartu $is metodas gali
padéti inZinieriams ir architektams priimti sprendimus urbanistinés aplinkos projektavimo
klausimais pries pradedant statybos darbus. Sitilomy iSvady jgyvendinimas, palyginti su
tradicinémis statybos technologijomis, suteikia daug naudos, pavyzdziui, greitas statybos
ar renovacijos procesas, mazesnis statybiniy atlieky kiekis, geresné kokybés kontrolé ir
didesnis tvarumas.
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Annex A. The qualitative interviews (with provided
guestionnaires)

TOB “IKEHEPHI CHCTEMH ILTHOC™

Reconstruction of a non-residential building at 31-A Nyzhniy Val Street in the
Podilskyi district of Kyiv

Reconstruction project of a non-residential building for a residential building with built-in public premises
at 31-A Myzhniv Val Street in the Podilskyi district of Eyiv

Questionnaire
Asurvey was conducted among participans (21 intotal) to make design decisions, determine the scope of
major constrction and installation work, equipment needs, matenial and labour resources, as wellas to
determine the basic estimated cost of construction and selection of matenals.
I Water supply system
2. Ventilation (air conditioners)
3. Windows

4. Heating systems

5. Rooftiles

The provided documentation developed by the designers was used in preparing the explanatory note and
other sections of the project, which are submitted for examination and approval and are part of the
materials submitted to the stakehol ders.

3m. | Kin Ape oo Mignwc Oara

H. mwivp. | Karanoncuost gl ] 1019
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Questionnaire

A survey was conducted among participants (21 in total) to make design deci-
sions, determine the scope of major construction and installation work, equip-
ment needs, material and labour resources, as well as to determine the basic esti-
mated cost of construction and selection of materials.

1.  Water supply system
1.1. Price (Eur/m?)
1.2. Payback period (Years)
1.3. Guarantee period (Years)
1.4. Durability (Years)
1.5. Duration of works (Days)
1.6. Water pressure (PSI)
1.7. Number of pumping stations
1.8. Number of conduction lines (W/m?K)
1.9. Water resources withdrawn (%)
1.10. Estimated Network Maximum Pressure (PSI)
1.11. Total Treatment Capacity (m%/s)
1.12. New Treatment Capacity per PWTP (m®/s)
1.13. System reliability (Cycles)

2. Heating system
2.1. Price (Eur/m?)
2.2. Payback period (Years)
2.3. Guarantee period (Years)
2.4. Durability (Years)
2.5. Duration of works (Days)
2.6. Lower connection (mm)
2.7. Boiler efficiency (%)
2.8. Calorific value of gas (kW*h/mq)
2.9. The average amount of gas per year (m°)
2.10. Approximate heat loss of the house (kW)
2.11. Pressure regulator (diameter)
2.12. Boiler pressure (bar)
2.13. Max capacity (1/h)
2.14. Reliability (Cycles)

3. Ventilation
3.1. Price (Eur)
3.2. Payback period (Years)
3.3. Guarantee period (Years)
3.4. Durability (Years)
3.5. Duration of works (Days)
3.6. Heat consumption for ventilation (W)
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4,

5.

3.7. Relability (Cycles)

3.8. Specific power (actual) (W/m?)

3.9. Power consumption (from) (W/m?)
3.10. Minimum total air consumption (m3%/h)
3.11. Level of noise (dB)

3.12. Max pressure (Pa)

Windows

Roof

4.1. Price (Eur)

4.2. Payback period (Years)

4.3. Guarantee period (Years)

4.4. Durability (Years)

4.5. Duration of works (Days)

4.6. Maximum glass unit thickness (mm)

4.7. Numbers of the glazed pane

4.8. Thermal transmission coefficient of glazing unit (W/m?K)
4.9. Energy saving glass (mm)

4.10. Air leakage, when pressure difference Dp = 50 Pa (m3/m?/h)
4.11. Parameter of noise pollution (dB)

4.12. Condensation resistant (%RH)

4.13. Waterproofness (Pa)

4.14. Light transmission of double-glazing unit (%)

4.15. Reliability (Cycles)

5.1. Price (Eur/m?)

5.2. Payback period (Years)

5.3. Guarantee period (Years)
5.4. Durability (Years)

5.5. Duration of works (Days)
5.6. The simplicity of the construction process
5.7. Tile width (mm)

5.8. Tile height (mm)

5.9. Suitable raking spacing (mm)
5.10. Minimum roof pitch (°)
5.11. Sheet thickness (mm)

5.12. Zinc content (g/m?)

5.13. Reliability (Cycles)
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Annex B. The technical task of the research building
under construction

TOB «BAP/JIA CNELEY/] MOHTAX»
Yxpaina, m. Kuis, ayn. M Muromupcara, 9-6

3amosHmnK: KomyHansHe NIANPHEMCTEO 3 yTPMMAHHA Ta excnayatawi
WUTNOBOMO POHAY CNELianiI0BAHONO NPUIHAYEHHA

sCnewwnrnodoHa»
04071 m. Knis, syn. OBonosceka, 34

PexoHcTpykuyin HexwuTaosoi Gygisni nig murnosunit GyanHok 3 s6yaosanumm
NPUMILEHHAMM TPOMAACHKOTO NPUIHAYEHHA Ha ByA. HwxHii Ban, 31-A
y Noginbcokomy paioHi m. Kuesa

NPOEKT

TOM 1
BuxigHi pami
3aranbHa NOACHIOBANbHA 3aNMCKa
16-01-3N3
FexepanoHui nnau
16-01-MM
ApPXITeKTYPHI pilieHHn
16-01-AP
KOHCTPYKTUBHI pilueHHA
16-01-KP

AwnpexTop O AR M. B. Kyabmenko

FonoBHWit apXiTEKTOP NPOEKTY M. M. baxapesa

2019
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3ATANBHA NOACHKOBANBHA 3AMNWCHA
1.1 Nigcrasa gnn pospobaeHHA NPORKTY

Migerapow anA poapobikKn PekocTpyruil Hemuraonol Gyaleni nlg mutnosni Gy auHoK
4 AGYAOBAHKMAMA NPWAMILLEHHAMK FTPOMAACKKOMD NPUAHAYEHHA Ha aya. Hiokniid Ban, 31-A y
Noginbscekomy padoni s, Knesa e

¢ poanopAaMedHs  KuiaceKol mickkol gepsasHol agsmidicTpawii Ne506 sig
26.05.2015 npo pexoHcTpyKLo ByauHKy no Byn. Huseid Ban, 31-4A;

o Microbygionl ysmose | obmemedyn 3a6yaoaK aemaamol AlAaMKK, BugaHi
AenapramenTom  micToByoysaHun  Ta  apxiTedTypu m. Huesa eig 24052016 p.
Med06,/16/12/2009-16;

#  JABOAHHA HA NPOEKTYBAHHA;

*  BUTAr 3 GaaM QaHKX YEproBoro KagacTpoBsoro naany sig 02.06.2015 p.

*  TONOMAAHY, BAKOHAHOD IHCTHTYTOM @ KuiBreocindopmaTiakan;

¢ nepeanpoektHi nponosdull pospobnen IAT «TpancnpoekTs;

*  HWi pokymedTi, Akl gogaioTecs | posgint « BuxigHi gadis,
1.2. XapakTepHcTiika manganamiy GyalaHuuyrea

lEHyIOUMA  TEMNOBEPKOBKA  HEMWUTAOBME DYAMHOM, WO nNiANAraE  pekoHcTpyruil,
AHAKOAMTLEA B Noainbeeromy parodl m. Kneea, va aynuyl Huswlia Bin, 8 ymoax winsHol
mickkol aabypond, micTobyaiexid crpyuTypl posTawoBaHMA B Mewax  LledTpansHoro
[ETOPHYHOND apeany, B 30| perynoaadHA sabyaonn | kateropli, B apxecnoridHol oxopoHHiA
J0HI, T € CHNAMOBON YACTHHOIO Nam'ATHM nadpwadty 1a icropli micueporo aHaYeHHA
slcTOpUUHMA nadawadT Kuipcewux rip | goaver p. Ouinpas, Wa Teputopll nam aTHW
ApKeonorii MICUEBOro HaYenHA aKynbTypHME wap Nogony IX-XVI er..o,

OplenToaHa nnowa ainavikm, Ady 3admae Bygumuor cradoswts 0,045 ra arlgwo 3
YEProBMM  KAOACTROBMM nAaaHom Bugadm 02.06.2015 ta obmipHdmMH  KPECHEHHAMMK
avHoHaHuMK TOB «|TU, « bygisenbHe NpoeKTyYBaH Ak ;

Orouyioul  3abyaoen = WWTAOBA T8 Wesmuriosa sabyaosa (manonopepxosl Ta
cepeaHsonoRepRonl By,auMHKK).

IemensHa AinAKKa, Ha AKIK poaMiyoTeCA ByauHoR pexodcTpyiyll GeanocepeaHbo
MEMYE:

& 3 niaHodl = 2<% NOBEEROBKIA UernaHKA ByauHor 3a agpecon ayn, Apochasceka, 20
Kopn.l ;
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* 3] 33X04Y — I3 ILMARAMM 3AraNBHOMD KOPUCTYBAHHA (ByN. KOCTAHTHHIBCEKEA);

* 3 niBgHA — 3-% NoOBEpPRKOBMA WerNAHWA ByouHox no eyn. Husdii Ban, 31 (KN
i KMiBMHTADCNELEHCNAYaTALLIAS ),

® 3004y — 3-X NOBEPXOBMA UerNAHWR ByauHor no ayn. HuskiA Ban, 33;

IrigHo 3 NeHepansHWM NAAHoOM MICTA KMERA Ta NPOEKTY NAAHYBAHHA HOro NpUmMickRol
30HA Ha nepiog go 2020 powy, 3aTeepAMeHoro piweHdAam HWiecekol micoxol pagW pig
28.03.2002 p. Ne370/1804 33 dyHKLIOHANBHWM NPMIHAYEHHA 03HA TEDUTORIA HANEMKHTE 00
rpomancesol 3abynopu.

Peneed zemencHol OlNAHKM MaE yXWn 3 NiBGeHHOro 3axody Ha niBHMHWA g Ta
XapakTepuayeTecA BigmiTiamn 101,0 — 99,5 m.

Npoektom He nepefbadacThcA IHECEHHA YW NepedecedHA Byab-AMKX cnopyd, wWwo
IHAXOAATHCA HA AINAHLI NPOEKTYRAHMA, 3 TAHOM BHAANEHHA ICHYYKX 32NEHMK HACAMEH b.

1.3, HopoTtka xapakTepucTuia ob’exta peroHcTpyruli

Bygiena, Wo nignArae pekodcTpyrLil, IHaxonnTecA 3a agpecown: ayn. HiswWuia Ban,
31-Ay NogineceHomy padodi m. Kneea.

Of'edT pekoHcTpYHUWIT npeactapnae cofow  TpMNoBEpXORY WerAamy Byaieno 3
OOHOCKATHHUM J3X0M FOPHLLHOrS THAY 3 NOKPIENED 3 METAN04epeniul 3 MaKcHManbHUMKA
rabapuTHHmMK poamipamu y nnasi 46.940 x 9.400 m, wWo Haganl ¥ oBMIpHKMY KpecneHHax,
pHEOHaHKY TOB dluseHepHo-TexHi4HKWA «bygisensHe npoextTyBavHAx y 2016p. ByaienA
Kanitanewa, 3BygosaKa Ao 1917 powy, 3 HECYYMMH NOINORHHIMA T3 NONEpeYHHMEM
LErNAHMMK CTIHAMM TOBWMHOW 750 mm [30eHiwni) Ta 620 mm (BHYTRIWHI), NepekpuTTa Hag
UOKOABHKM NOBEPXOM — MOMOAITHE 3.6, No meTaneawm Bankam, Hag 1-3 nopepxamun -
Aepen’ARl no gepes Addm Gankam. Neperopoagy — Lernaul.

MNpranayenua Byaieni nig yac excnayatawli — noniknidika gna obcayroByBaHHA
npauieHKyia AiMiAKoro elgainy  miniyll metpononitesy. Ha pawvi vac Gyglena He
SRCNAYATYETHCR TA BIOKNIOYEHA BIO IHMEHEDHHX KOMYHIKaLIA,

Byaipna He & of'EHTOM HYABTYPHOT CNAAWMHK, ane IHAXOAMTLEA B ONOPOMHHIA 30Mi
WoHHD BUABNEHME nNam'AToR | micToByayBaHHA micUeBRoro IHaYeHHA, 3 CAME: Ha Byn.
Huminii Ban, 33 — «Cagnba micokan, Ha syn. HusmuiA Ban,33-A - «byguHor npubyTHoBHAY,
Ha oyn. HawHia Ban 33-6 1a 33-B — «Pnirenis

IrigHo 3 BMcHOBKaMH, HagaHWmK TOB  sluseHepHo-TeXHIMHWA  «BygisensHe
NPOEKTYBaAHHAR, TexHiuHKA cTad Gyaienl posuiHETEEA AK HENPWMAATHHE 40 edcrayaTawll.
MpoexTom  nepegbadyacTeCA  GeMoHTaM  NOWpienl, ropvwHoro Ta  mMIKNOBEPXOBOMO
NepexpuTTiE, CTiH Ta Neperopoaok LoKoAsHoroe Ta 1-3 nopepxie, 30BHIWHIX Ta BHYTRIWHIX
cxogie, siHOMHKE Ta gBepHKUK Bhoxie,

Mp ByaieHMuTel MUTAOBOrS OYOMHKY BAHOPWCTOBRYIOTECA OB 30BHiWHI Topuesi
LErnAH cTiHK By auHRY.

16-01-3N3
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1.4, Newnnan, GraroycTpli, o3eneHeHHA Ta opradizauin pencedy

MedepansHKid nnad poapobnedo 3 ypaxysadHam Tononnauwy WM1:500, TexHiuHux ymos
pignoBigHKMy  MicekMx  caysB, O04MX HOPMATHEIE Ta MaHCWMANBHO payioHansHo
BHHOPMCTOBYIOHK ISMEensHy OINAHKY 3 BMAINeHHAM HeobxigHuE GyHHLIoHANBHKY 304 T3 3
zabeanevyerHAm Beanedydoro a'izny Ta BMizgy Ha TepuTOpRio MAaROAHYWKAE NPORKTYRAHHA.
Poabuexa npoizgis Bdpileda 3 BpaxyBaHHAM BHYTRIWHIX Ta 30BHIWHIX TPAHCNOPTHMX
NoToKIB Ta NPOTHNGHMEMHOT D oBCnyYroByRAHHA.

MigTan apToMoBiNEHONo TPAKCNORTY Ta NOMeXMHO! cnewTexHine 3aiRcHeTeca 3 BoRry
pyn. Apocnasceka. 3abeaneyeHda HOPMATHBHA BIACTAHE BIA NOMEMHHME MALLKH 40 BYLHHKY,
WO MigAAraE peKoHCTRY KLU

TexHlHo-2 KOHOMIYH] NOKAIHWKKM pllUeHE MEHepanLHOre NAaHy npyeegedi Ha aprywi
«Mnan poannaHyBaHHA».

Mnan opranizauli pensedy poapobneHo Ha toncocHosl ML1:500 3 nepeTuHOoM
ropyaoHTaNeR yepesz 0,1 m.

B ocHOBI NPOeKTHHE pllueHs BEPTHHANBHOND NNAHYEAHHA TepHUTopil 3aknageHi HacTynHi
MPHHLMMH:

+ 3afesneyeHHs BOACRIABOAY MAKGAHYMKE IAKDHTOM CHCTEMOW 3 NIGKAINYEHHAM 40

IcHyryol aowosal kananizawil srigHo TexHiYHMx ymoBe, Buaadirx KK « KuisasTogops;

*  CTROPEHHA ONTHMANBHKX YEMAIR NO Npoiaax, malaadariay | niwoxligHng gopixkax;
*  BHKOHaHHA MiHIManeHoro obeary aemnadux pobit npuw GyaisHMuTel;

BepTukaneHe nnaHysaqdHa TepuTopll 2anpoewToBado 3 ypaxyBaqHAM  BigmiTok
lcHyioumx Bypisene Ta npwnernol Teputopll. Tpotyapw sigginedi Bl npolwomKyg YacTHH
Gopronrm kamedem BP 100.30.18 ACTY 6665-91, B AkocTl ynopie oA NoOKPHTTA TpoTyapis
IACTOCOBAHO BOPTOBMA Hamine BP 100.20.8.

Poaginom «BnaroyeTpiid Ta czeneHeHHA» nepeabayaeTeca yAILWTYRIHHA MR aaHYMKIB
anA obcnyroayeaHHA MewHaHuie ByYAMHHIE Ta oaeneHeHHA NpUBYAHHKoBO! TepuTopil.

UinsoaMsm NPUIHAYSHHAM IENCHAX HACAAMEHE € YTROPEHHA HAWBINBW CNDUATAWBMY
YRMOB NepebysadHA Ha Bl AKDUTOMY NOBITDI, NOKPAWEHHA eKONOMIYHKE YMOE, 3 TAKOW 3aXMCT
BHYTRIWHIX NpuMiLeds Blg sitpy Ta nday.  Npoextom nepegbadvacTechA 3BepemeHHA
ICHYIOY MK e pes Ta 4043BaHHA HOBWX 3ENeHWX HacaaMeHb. Irposi malgaddvKK gna gimtel Ta
CNOPTHEH] MaRLAHYMKEH PO3IMILLYIOTRCA Ha TepuTopll MHTNoBOI rpynd A0 AKOI BIAHOCHTRCA
OAHHA MATNOBEKA BYAHHOHK, 33 YMOBK 1X CNINBHOTS KOPHCTYBaHHA,

PlweHHAMM reHepansHoro nnady He nepedbadsacThCA IHECEHHA YW NepeHece HHA
Gyan-AKMX CNOPYA, WO 3HAXOOATLCA H3 AINAHLI NPoeKTYBAHHA, 3 TaHOW BALANEHHA
ICHYIOU MK 3RNEHKX HACAMMEHD.

MpoekTHi plweHHA NPoKNAgaAHHA TRAC BHYTRIWHEOMAROAHYMKOBMY Mepew | cnopya
A0 HWX po3pobnaioTeca OKpEmMao.

16-01-3
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1.6. ApxitextypHi piweHHa

Linauka npoekTysaHdHa  IHaXoaMTeECA  y  UedTpansHomy  icTOpuyHOomMy  apeani
m. Hkepa, B apxeocnoriydii oxopodHii 3oH] Ta NnoTpannie 4o 304K perynoeBadHa 3abynosu
1 warveropli, Tosmy apxiTekTypHi plleHHA NPMAHATI 3 ypaxyBaHHAM  OCHOBHWX
IAKOHOMIPHOCTEH ICTOPHYHOT 320y A0BH, MACIWTADHHY, CTHABOBKY, HONOPHUCTHYHHE T3 [HLLMX
ocobnMBocTel CepeooBKLLA.

Npoextonm nepepbavaeTecA  ByfiBHMuTEs B Memax icHylouol 3abygopu  T-mu
nosepxoBoro By OMHKY 3 MaHCApAHKUM NOBEPXOM 3 TPAHMYHOE BUcoTo 27,0 m.

Maowa nepwore noeepxy Aopiedioe naowl zabyposn  icHyiouol Byogieni Ta
poamilwyeTsca Ha nnAmi 3abynoed ickyodol cnopyad. Makckmansdi rabaputei poasipu
cravosnaTe 47,250x9,150 m. BucoTa npumileds nepworo nosepxy (eig nignork oo creni)
CTAHOBWTE 3,3 M. Ha nepwomy Nosepcl poaTawosaHi:

+  piynosaHi HEHKTNOB NPMMILLEHHA FPOMAACEHOTD NPHUIHaYeHHA [odick);
*  BEXiOHA rpyna MUTA0BOro By auHKY, cmiTTeabipHa Ramepa.

LUoHonbHWA nosepx  podmilyeTeca B obcArax  ICHYIOUWMY  HOHCTPYHUINR. BucoTta
NEPHMILEHE WOKONBHOMD NOBEPXY CTAHOBHTE — 2,7 M, HOPKOOPIE UOKONBHOrD Nnosepxy — 2,5
M. B uokonsHoMY NOBepCl poamilyoTsCa:

# BBYA0BAH] HEMKWTAOB NPHMILLEHHA TPOMALACEKOND NpUMIHaYeHHA [odicu):

* TexHiuHl npuMileHHa (enekTpowmTosa, [TM, HacocHa, BEHTHaMepa);

3 Apyroro No WOCTHE NoBepx pO3ITAWOBAHI KE3PTHPWM — ABI ogHoximHatHi Ta gsei
TOMHIMHATHI KEAPTHPK,. Ha cbOMOMY T3 MAHCAPAHOMY NOBEPXAXN IANPOSKTOBAHO KBADTHRM
Y AB0X piBHAX — 0OHa ABOHIMHATHA, TPH TPHKIMHATHI T2 oaHa MATHHIMHATHA KBApPTMpA.
BrcoTa NpHMILLEHE MHTAOBKMK Nogepxia — 2,7 M.

ByOienA 3anpoekTORaAHA KAPKACHO-MOHONITHA, 3 HECYYHMK MOHOMNITHAMKA CTIHAMK
(ninoHamu) ToBUyAHOK 250 MM Ta MOHOAITHHMMH NEPEKPMTTAMM TOBLMHOK 250 MM,

3oeHIWHI cTiHM — 3 nosHoTINOl wernd ToBwMHOK 250 MM, yTennedi #opcTHHMH
MIHEDANOBATHHMM NAKMTAMK, 3 NO4ANbWHM 03A006NEHHAM AEKODATHRHOW WTYHATYDHOW Ta
nodapbyBaHdHAM  arigHo 3 nacnopTom  onopAgeenHs dacagie. Uokones oagobnedwi
KEDAMOTDAHITHUMMK NAMTAMM.

MiMKBAPTHPHI NEPEropoaKH — UErNAHI TOBWKHOW 250 M, BHYTRIKEAPTHMRHI — Lernaxi
TOBWMHOK 120 pmm.

38'A30H MM NoBepXamMK IQIACHIOETHCA 33 OONGMOroD cxoaoBol KAITKKM TNy CH-1 Ta
nidry. Cxogw 3anpoekTosadi adipui, 3aniaocberouni no cepii 1.050.1 — 2, sxn. 1, nidgT TNy
¢Oricy 3 ynpasniHdAam Ha mikponpodecopl, sadTamonigiomuicTio 1000 kr, mMawHHHe
pigaineHHA poaTawoBano Ha MaHCapaH oMy Nosepci.

Oax GyaWHHY IanpoekToBaHo MAHCApAHWA, OOHOCKATHWA 3 MEeTANOKOHCTPYKUIRA,
YTEMNEHHWA MiHEpanoBaTHHMKH MAMTaMK Ha bBazansToBol ocHoBl, nokpiena gaxy —
MeTanodepenuus, pybepoig.

16-01-3

| K. Apw Mo dowl] T, | am




ANNEXES 143

JanoaHeHHA BIKOHHWX Npopiaie - meTanonnacTiHorl (gpoxamepHi) BikHa, iMnocTd Ta
pamMK  NpUAHATH  Honeopoel, ckno  edeproabepiramode 4w IMO, 3 smackpyiowol
([coHueaaxmeHoi) naiekow Tana Llumar. 3anosHedHA BHYTPIWHIX ABepHWx npopiaie -
meranonnactvroel geepl, exigul geepl go Gyguury — meTanesi npoTrygapsi.

Npoexrom nepenBadaeTscA YacTHoBE BHYTRIWHE o3gofnedHa npumilleds ByauHry Ta
YNAWTYBAHHA nignor 3rigHo 3 3aB0aHHAM HA NPOEKTYBAHHA. ¥ BHYTpIWHeOMY o3gobneHi
JACTOCOBAHO MaTepiank, nNepepamHo BITYWMIHAHOMG BApoBHWUTREA, ¥ BecTHBONAX |
Kopraopax, cnymbosux npumilleHHAx (NpUMiledHA Kodc'epsy), cadByanan, TexHIuH W
npMmilEdHAx nepeafadsedo  3acTOCYBAHHA  BMCOHOMILHWX  maTtepianie, Wo BamKo
CTUPAKITHCA TA NETHD MUIOTHCA, I0KPEME KEpaMiYHa NAMTHA,

OapgofineqHa KpapTHP Ta BBy Ao0BaHMK chicHK NpUMILEeHE He nepegbadaeTeoA,

Mignord 8 MUTAOBMY NPUMILEHHAY JANPOEKTOBAHO 3 YPAXYBAHHAM HOHCTRYHTHEHKX,
ERCNAYATALIAHKY | apkiITEHTYDHAY BAMOT T3 Y 3ANEHHOCT] BlO NPUIHAYEHHA NPWMILEHHA Y
AKOMY BOHW BRawTosyioTecAd. THn nignor Ta MmicuA i YNaWTYBAHHA OWE, KPEC/EHHA
s EKCcrnikawia nignors.

Bei nepenbavedi B npoekti matepiank, HOHCTRYHUIT Ta BMpoBin € TiNbKKW TakMMmKM, Wo
malaTe plgnopigHi ceptudikati Akoctl Jepmerangapty YupaiHe,

Ha wnaxax epawyaull BMHopycTadl Heroposl KoHeTRYHWI Ta oaao06n0aansHi maTteplani
ceprrdikopadi B cvcTeml YupCENPO, oropogsypansHl HOHCTRYHWT 004 NPoXOgMeHHA
BEPTHHANBHKK KOMYHIKAWR Ta geepi HiW AoCTYNY 40 HAX NPMAHATI 3 Memen sordectiikoct
2 rofgMHK,

NpoextHime piluedHAmMe nepeabayedo smicla ANA BCTAHOBRNEHHA KoHAWUloHepia Ta
apxitexTypHe nigeeitnopadya Byaiani.

16-01-3
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1.10. InmenepHl pllueHHa

1.10.1. BogonocTaqaHHA

Awiepenon  BOAONOCTAYAHHA T3 NOMEMOTACIHKA €  BHYTPIUHBOKBADTANLHA
pogonpoBiaHa mepesa. XonoaHa Boaa, AKa NoaaeTsch B ByarHoK, slanosiaae crangapry
"niTHa moga”,

Ha seogl BETAHORNIQETECA BOSOMIPHHA BY30N 3 NMUALHUKOM AR BPAaxXyBAHHA BMTRAT
poai. Nican AlMiAsHKKE BOAA HANPABARETLCA CNOMMBAYAM. Ha HOMHY KBAPTARY Ta Ha
womHe sBbyaopane npumileHHa nepegbadvaeTecA okpemKid  pogonivMnbHKK. KeapTupul
BOAOAIHMNEHIMKKA BOAW POSTALLOBYIOTECA NO33 MEMAMK KBAPTHR, B Wiwax, B8 wadax, B
KOPWAOPAX AarankHOro  HOPHETYBAHHA, JluMAbHMKK  oBABOHYIOTEEA  AHTHMArHITHWM
saxucrom  [Antismardit  100%) Ta mogynem  AWCTAHURHOMD  3HATTA  Noxaznkkis 3
Aucneryepuiauien., Nepen AMUALHMHOM BETAHOBNIOETLCA cirdacTii dinsTp,

Ana nonveanua Teputopli nepeabaveni 3osHiwH noaveansHl Kpane glameTpom 25me,
AKl BETAHOBNIOWOTHEA B HIWaX 30BHIWHIX cTiH ByauHiy. Ha nonue nepeabayacTech ORPEMWA
BOAOATH AN H K,

PoapaxyHHOBWA THEK BOAM A0A OCNOAAPCLKO-NUTHOM BOAONOCTAYAHHA BMAHAYAETHCA 3
YMOHB NOJABAHHA BOAM Ha noTplBHy sucory (3 3abeanede HHAM HEoBXIAHOrD BIABHOMD THCKY
3 YpaxyRaHHAM BCIX BUTPAT B Mepeml,

PoapakyHKOBMIA  THCK B cWcTemi  3aBeaneuyeTecl  HACOCHD  YETAHOBKOIO,
BETAHOBAEHOK B HACOCHIA cTanwl, HacocHa YCTaHoORKa BCTAHORMIDETLEA Ha BiBpoocHoay, a
d'egHanmn TpyGonposogis 3 natpyGramK HACOCIB BUHOHYIOTLER 3 3ACTOCYBAHHAM THYYHKX
pcTasor abo cnewansiiny ryMoBMX KOMMNEHCATORIB, NPUIHAYEHHK O0A IMEHLLEHHA Wymin |
pifpawil. BrnwyerHA | BIAKANIOMEHHA HACOCHO! YCTAHOBKW BIAGYRAETHCA ABTOMATHYHO B
sanemHocTi Blg THCKY B Mepesd. BAOK aBTOMATHHK BXOAWTE B WKOMIAEKT NOCTA4aHHA
ofnagHanun,

B npoekti npuAtATa HacocHa yeTadosra (2 poGoyns Ta 1 peaepeHHA Haco),

B ByoMHky  npoextom  nepeaBadvacTech  BNAWTYBRAHHA  OAHOIOHHO!  CHCTEMMK
rOCNOAAPELKO-NHTHOND BOAONOCTAYAHHA 3 POIBBAEHHAM BOAONPOROGY MO TEXHIMHOMY
HOPWACRY LOKONBHOID NOBEPXY.

¥ crmitreabipHii kamepl BCTAHOBNIOETLEA PAKOBMHA Ta NONMBANEHME KPaH JlameTpom
20mm.

Bea cucTema BOAONPOROAY MOWTYETLER |3 CTanenny emanvobaduy Tpyl no TV ¥
TI08692-001-93, poaoralonpoBoAHuY ouMHHoBaHKMY Tpyh no FMOCT 3262-75%, nnacTHHOBWX
Tpy6  aaR  natHol  BoaM.  BuyTplwde possegerdn  TpyGonpopogls  nepegbadaetica
MEHROBEH M.

JanipHa Ta PeErynIoYa apMaTypa 3anpoekTosaHa CTANess Ta YasyHHa,

Beig pogonposogy 8 GYQMHOK 3ANPOCHTOBAHWA 3 repMmeTHIalien no THNOROMY
womnnexcy F3T3-3  aTunossie AETANM  YNNOTHEHWA BBOOOE WHMEHEPHBIY ceTel B
PpaMAaHEKWE JAaHKAY,

Apk,
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1.10.4. NoGyTosa kaHanizayia
NoByTosl cTiudl BoAM BiO caHTEXNPUAAAIE MMTADBMX HBAPTHR nepeaBayacTsen
BLABOOMTH ¥ AROPOBRY MEpeHy HaHanisawll.
BHyTpiWwH] mepesi NpoedTYIOTLCR 13 noAinponineHoBrx Kananizawidnux Tpyd Oys0 -

110 mm, maricTpani Ta cToARK nepegBadeHi i3 YapyHHKE TPYE 3 eManLoOBAHMM NOKPHTTAM.
Ona plgpegedHa  cTokie Bilg cauTexnpunagin e6yaoopadux  odiCHMX  NPMMILLEH b

nepeabayeHa okpesa cucTema nobyTosol Kananizayll 3 OHPEMMMKH BUNYCKAMK Y 30BHIWHIO
mepewy. [na sedtraaull cuctemu kavanizadll sBygosamux npumileds nepegbadedo
BCTAHOBAZHHA NOBITPAHMY KAanadie,

Bunycel Kamanizauii 3 BygumHey 3anNpoekToBadl 3 repmetMIauiess no  THNoBomy
komnnexkcy F373-3  aTunoeme AeTand  YNOOTHEHMA BEOOOE MWHMEHEDHBIX CeTed B
rpampaHckue 3nasuay r. BunsHioc 1975,

B nignoal cmiTTEKamepK ynawTosyeTeCcA Tpan giametpom 100 mm, AKKA nigknoyaeTsoA
Ao GyaMHKoBoro BUnycky noByrosol Kananizaui.

1.10.5. BHyTplwHi BoAOCTOKM, OPEHAN.

BuyTpiwxi BogocTokd Gyainnl NpoeKTYIOTEER 13 cTanemmx TpyE 3 emanboBaHKm
nowpuTTAM no TY 7308692-001-93 A= 108mm afBo i3 yasyuHux TpyE 3 emanboBaHvm
NOKPHTTARM.

Ha nokpieni Byaienl BCTAHOBMOKITECA BOAOCTIUHI BOPOHHK 3 NHCTEOYNOBAKIBAYEM Ta
enedTpoobirpisom eig mepemi 2308, norysksicTio 10-30 Br, ¢ipsmun HL.

TpybonporogK BHYTRIWHIK BOAOCTORIE NPOKAAOAOTECA NPMXOBAHO.

Dna piglauysadHa ADEHAMHKKE Ta aBaplAHMY Bog 3 NPMMILEHE HacocHo! cTadwli,
TENAOBOTD NYHHTY Ta BEHTHAMEDH nepenfaYacThcA BAAWTYBAHHA OpPEHAMHHY NPUAMKIE 3
BETAHOBARHHAM OPEHAMHMX Hacocls, AKI BKAIOYAOTLEA NpW NesHomy piedi Bogu ¥y
NPHAMHAX.

1.10.6. NpoTHnoHesHl 3a%o0M

¥ mignosigHoctl 3 nd.18 JEH B, 1.1-7-2002 «lMowemda Geanesa of'extio
GyaiBHMuTEar, B npoesTi nepegfadeqidid BOrHEIANMET BYINIE NEePeTHHY  IHMEHEpH W
KOMYHIKALIA 3 NPOTHNOMEMHAMK CTIHAMK, NEPeropoaHasmi i NepexpUTTAMK, 3 came:

®  MpM  NepeTHHI  NPOTHNOMEMHWE Nepewkod  MeTanesum  TpyGamu
poacnpoBogy | Kadanizauili  onR 3aKNAfeHHA  WIAWH @ BHHODWCTOBYETBCA
porHesaxMcHa cymiw « Popmyna KMe;

®  NpH nepetidi nnactmacoBMmK TpybamK HaHanizawl BHKOPHUCTOBYKITHCA
NPOTHNOHENRH] MaHMETH

Bornectidricte npoxogok no El npUAHATE He MeHwWwe rpaHddul BorHecTiikocti
NpOTHNOMEMHKK nepewsog (El 45 abo El 60).

16-01-3 1
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1.10.7. OnanexHA.

PoapaxyHiosl Temnepartypd BHYTRIWHBOrO NOBITRA ¥ NpUMileHHAx BYOHHKY
NPHAHATI 3rigHo 3 GygisensHHMKA HOPMAaMK Ta NpAaBHAaMHK,

TennoHociem 4na cMcTem onanedHA BYOMHKY E rapaYa soaa 3 napamertpami Tn = 90°C;
Ta =70°C.

ChcTema ananeHHa ByaMHKy nepegbaqyeHa 3akpuTa, Helanemya, 4poTpybua, 3 HKMEHIM
pO3IBEAEHHAM MaricTpaned no TexHlYHOMY KOpWAOpY UoHOAbHOro noBepxy. Cxema
onanedHa BygHHKY 3aNpoeKTOBAHA 3 YCTAHOBHOK HEeKOoMepUiRHKy npuiagie obniky Tenna
ONA HOMHOT KBARTHRK Ta KomHoro sbygosadoro npumiweHHs. HomepuifHuid obnik Tenna
IAranom Ha KoweH ByauHoK nepefadvaeTee Y NPOSKTOBAHOMY TEILNOMYHHTI.

CucTema onanedHAa 3anpoeKToBaHa rOpPUIOHTANEHA, 3 MeTanononimepHux Tpyb Kan-
therm abo Rehau. TpyBonpoBogW CHCTEMKM ONANEHHA NPOKNAGAKTECA NO NEpUMeTpy
npumiweHHa & nigrotoewl nignory 3a TexdHonoriess Gipmu  erpobudHa. Y  padHax
nepegbavedl enexTpocywapwd. Mpoektom nepegbadyedo onaneHHA BAHHWX KIMHAT, WO
NEHMAKIOTE 40 308HIWHIX CTIH.

OnaneHHA BOYOO0BAHMY HEMHUTACBEMX NpUMileds nepegbadacTsecd CAamMOoCTIHHMMKA
CHCTEMAMK, HA AKMX Y NpumiwedHl TN BcTAaHORMOKTECA NPMNAL KoMepuiRHoro obniky
BMTPATHA TEMa.

B Aakocti onanBaneHWyx npwnagie npuidAatl ctanesl naveneHi pagiatopd Kermil, 3
HiseHIM nigrnioyesdam (H=500mMm), Ta B ciopoBux KAITHHAX - pagiatopy Kermi, 3 GokoBum
nigemovyedsam  H=500mpm.  Onaniosanedi  npunagM obnagHadi  TepMOCTaTHYHKMK
Knanadamum Ta kpadame Maescekoro. ¥ DonomidMHKME NPUMILLEHHAY [TENAONYHKT, HACOCHI
CTAHLI T2 WHTOR]) NpMAMBEMO ONANOBANEHI NPMAZLK 3 FNASHKMK CTANeBMX TRyD.

BapTiHaneHi CTOAKK CHETEMM OnaneHHA oBnagHadl AETOMATHYHKMK NOBITRO BMTYEHH UMK
KpaHami, BepTvransHi CTORKM NposNagaoTecA v Wwipabax crid. B micuax nepetvHy NepekpuTTa
CTOAKA NPOKAAOAKNTECA B MNB3aX, 3 YOPHO! TOMKOAKCTOROI CTanl.

MaricTpancHi TpyBoNpOBOAK Ta BEPTHHANBHI CTOAKK CHCTEMM ONanesHa nepegbayedi
i3 cranesdx BogorazonpoBighx Tpyd 3a NOCTI2Z62-75% 1a cTaneBry enexkTpolsapHux Tpyd
3a [OCT 10704-92,

MaricTpanecHi TpyBONpOBOAH CHCTEM ONaAeHHA NPOKNAAAKTLCA 3 yxunom =0,002 no
TEXHIMHOMY HOPWAOPY UoHoneHOro noBepxy. Marictpanesi TpyBonposogd obGnagHawi
NOBITPOBAMYCKHHUAMM HPaHaMM, 3 TAHOM CNYCHHOWD apMaTypol ANA oNOpOMHEHHA CHCTEM
Big BOOM 33 SONOMOTOK WAAHFIB ¥ TPanK TeX. NoBEpXY Ta NPUAMKA Nigsany.

Ona womnedcaull swaoemedHs Tpyd (marictpanesl TpybonpoBogKl Ta BepTHKANLHI
CTOAKM), WO BMHMKHAE 33 PAXYHOK TEMNEPATYPH TENAOHOCIA BCTAHORNIOEMO HOMNEHCATOPH.

MaricTpaneHi TpybonpoBogH | cToAKK HeoBXigHo TenNoi3oNBaTH.

16-01-3 '5
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1.10.8. Bentunauin.

BeutdaAlin  npuMmieds MUTAoBOrD  BYAMHKY NPUEHATE NPHANAKMBHO-BATAKHA |3
NPHPOAHAM T3 MEXaHIHHAM CNOHYHAHHAM,

¥ owyxHax Ta caditapHi Byanax nepenbaualoTeCA BMTAMKHIE HAHaNW ANA BUAANEHHA
sabpyaHeHore nopitpa. 3 womHal kyxHl Ta caHiTapHOro Byana NPoeKTYETLCA [HAHBIAYaNBHWH
BEPTHHANLHWA BUTAMHWA HaWan 3 esWnyckom nopitpa & atmochepy abo & 3Bipwy
BEHTUNALIAHY WwaxTy. Ha pedTUNAUIRHMK Kananax womHol KyxHl Ta caditapHoro syana
nepesbayeHo BETAHORNEHHA HACTIHHOND BEHTUNATOPRE,

MNprname NOBITPA B WHTADEI NPUMILEHHA MATA0BOMD BYAWHKY HeopraHiaosa Wi,
NPWPoAHIA 38 paxyHoK HBATWPOK Ta Knanakie mapky 5710 dipmn REHAL, Wo 3HaxoaTecA B
BepiHIA ACTHHI METANONABCTHHOBKX BIKOH,

Ana creopedda Ta 3aBeanevedHA BCTAHOBAEHMX AIIOYMMK HOPMaMK napameTtpis
noeiTpAHoro  cepegoBudwa B npamiweddax  ebygosadux  npumiweds nepegBadenda
NPHNAHBHO-BUTAMHA BEHTHAALIA, 3 MEXAHIMHKM CNOHYKAHHAM,

NoTyMHICTE CHCTEM BEHTHAALT BMIHAYAETLCA HOPMATWEHWM Ob0MIHOM noaiTpa @
NPAMILLEHHAY, 3 TAKOM BUXOAAYM 3 POIPAXYHKY Ha oaHy ocoby .

NPHNAMBHO-BHTAMHKI YCTAHOBKM BCTAHOBAKIETBCA B BEHTHAMEPI,

MNpoexrom  nepeaBadyacTbcd  MOWAMBICTE  BCTAHOBAEHHA  30BHIWHIX  Grouie
KoHauuioHepis, npW ueomy poaginasmu OB Ta AB BpaxosyiOTeEA 3aX04M NPOTH HEFATHEHOMD
anAKBy ix poBoTH Ha Mewrasuie By amnHKy:

NosiTRONPOBOAM BUKOHA K 3 TOHKOAWETOBOT OUMHKDBaHOI cTani.

1.10.9. EnexTponoctavaHuia. BryTplwne epedtpoobnagHaHHA.
IrigHo OBH B.2.5-23:2010 enewtpocnowmueadl womnaekcy no wateropll nagldnocr
ENEHTRONOCTAYAHHA BigHecen] oo:
| wareropii 3 ABP (n.4.17 ABH B.2.5-23:2010);
*  OMERHAE CHrHanizawn;
*  CHrHanizatopd sarasopadoctl;
*  NpoTHNOMEMHE oBnagHaHHA,
Il kareropli (tabn.2.1 ABH B.2.5-23:2010) - edl iHwi cnomupadl MMTAOBOT YacTUHW
ByanHuy Ta cnosueadl a6y aosaHol YacTiHKY GyauHry.
Ana supnedHa cnowueadie |- wateropli 3 ABP nepegbavactech ynawTysadHa cewuli
ABP Ha pelgHO-poanoainsHoMy NPUETPOT, AKa NLOKAIOYAETECA NICAA BELAHKWE KOMYTALLAH KX
anaparia,
OCHOBHMMM  CHNORMMMH  ENERTROCNOMMBAYAMK € TeXHOAOrYHE Ta caHTexHidHe
ofnagHadHn, nidT.
B Gynienl nepepbaveda  cninbHa eNeRTPOWMTOBA ANA  WMMTNOBOI YAcTHHW Ta
phyAoBaHKE NPUMILEHE 3 BETAHOBAEHHAM B HIll OKpemMKY BEOOHO-POINOALNEYME NYHKTIE
(BPM).

ABH.

16-01-3
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Npueegeruid koediuledT Tennonepegayl Tenaolaonauiiinol oBonoxkk ob'emua-
MAAHYBANBHUX ENeMENTIB BYAMHKY ks , BT/(M7K), Bu3HaaeTben 3a dopmynolo (5) ACTY-H
B A.2.2-5:2007.

AR Wumaosol yocmuny;

an 1 Fr-ﬂ.i Fm r'nu 1 Fnu 1 r'n 1

mesmmss f messsemas h ammsase=s L

RInpunl “:npunr RInpm “:npn.l R[npnu! RInpn]

Fs
Ae L= woedilledT, Wo spaxoaye 40AaTHOR TENACBMTRATH, NOB A3aH 3 opleHTalien
OrOpOAMHEHE 33 CTOPOHAMI CBITY, HARBHICTIO KYTOBKMX NPHMILEH B, HAOXOOAMEHHAM
NONOAHOMD NOBITRA Yeped BxoaM & ByauHoK; AR MiuTAoBKy Byauniie [=1,13;

1455 634 381 259 226 32
mecmmcamas  csamcccsis f smssmmecees fosasemsensens F eeemsemsane b cesnraanans
3,59 341 0,93 542 6,59 3,98
kr,.,,,= i R T T
2587
1091
=1,13 weeeeeee = 0,41 Br/(m7H),
2987
Ana zpomadcerol Yocmunu;
an 1 Fr-ﬂ.! Fm FI.I. r'lpu,
L & dr msmmsmms  ssmsmm=s

L e O -
F
205+32 133+15 52+13 600 22
S LS S [ —
3,59 341 0,93 56 3,82
1072
292
= 1,13 weemeemee = 0,30 BT/ (MK,
1072
Apr,
16-01-3M13
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2.1.7 EHepemudni NokaaHuky (WuUmnoaol 4aemunu)

PoapaxyHkonl BuTpati Tenaoeol eseprii Ha onanedHa By AMHRY NPOTATOM SNan oBANBHOND
nepioay Oy , KBT-rof, BMaHavacTeoA 3a hopmynow (2):

Qi = [ Qe o+ Q) v T - B, (2)

Ae 0, — 3aransHi TenaosuTpaTi By gMHKY Yepes oropogMyeansHy obonoHky, KBT-rog,
BHMAHa4YaeTeCeA 33 .53 ACTY —H B A.2.2-5:2007,

o= NOBYTORI TENAOHAAXOAMEHHA NPOTANOM ONANKWEBANBHOMD Neplogy, KBT-rog,
BHAHa4YaeTeCA 33 N.5.8 ACTY —H B A.2.2-5:2007,

O, — Tennoei TENAO HAAXOAMEHHA Yepes BikHa Blg covAYHol pagiauli npoTaArom
onaneansHore nepiogy, KBT-rog, aMaHadaeTecs 3a n 5.9 ACTY —H B A.2.2-5:2007,

v — HoedILieHT, Wo BpaxoBye 3AaTHICTE OropoAMYBANEHHE KOHCTPYKLIH ByauHris
aKymyniosatd abo Blgnasatia Tenno nig Yac nepioguYHoro TeNAOBONo DEMsUMY; N8
ByAMHKY, Wo po3rnagaetecs v= 0,8,

[ — woediuieHT aeToperynopaHHA Nodadi Tenna B cHeTemMax onaneHHAa; B SyauHKy
BHHOPMCTOBYETLEA OROTPYGHA CUCTEME OMNANEHHA 3 TEPMOCTATAMM T2 3 WEHTPAALHHM
agToperyniosadHam Ha ITN; £ =0,95;

Br —HoediuieHT, WO BpaxoBye A0AATHORE TENAO CNOMHBAHHA CHCTEMM OMANeH HA,
MNOB"AZAHE 3 AHCHPETHICTIO HOMIHANBHOND TENACBOTO NOTOKY HOMEHKNATYPHOrO pROY
oNanioBanbHAX NPUNAAIE A0A3THOBHMM TEMAOBUTRATAMK Yepes pagiaTopHl 4LNAHKKH
OropogMeHs, TENACBHTRaTaMH TpyBonposodie, WO NPOXOAATE 4EPEd HeonanKeaneHi
npumileHHa: gna BaratocekWifiHOro Ta IHWHX NpoTAMKHMY ByauHkie By= 1,13,

JaraneHi TENNOBHTRATH BYAMHHY Yepes oropogHysaneHy obanoHKy 3a
onaneansHAA nepiog, BMaHadaeTeeA 3a dopmynoo (3):

Q= ¥ ‘Mayn Dy Fy=0,024- 0,65 - 3538 (2987+1072)=2,240 - 10° wBrrog, (3) -das
GyduKky

Dy = KineRicTs rpagyco-aib oNanoeanbHOro Nepioay, Wo BHIHAYAETECA 33 GopMyNoD:
D=ty - tons) Zon = (20 - (-0,1)) - 176 = 3538 *C-ni6.

MoByTorl TeNNoHaAXoAMEHHA NPOTAFOM ONAAKBANLHOMD Nepiogy BUIHAYAETLEA 33
dopmynowe (13) das wumaoaol Yacmusu:
i n=xl'qmn'zun'Fer ‘13’

A8 fpn— BEAWYMHA NOBYTORMY TERAOHAAXOAREHEH 107 HTAOBET NAOWI ByAMHKY: AAA
MUTNOBKY ByauHKiE g, = 10BT/m? .

Apr.
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Zon — TPHMBANICTE, A0, ONANKBANBEHOrD Nepioay, Wo BH3HadacTeer arigHo 2 ACTY-H B
B.1.1-27;
Fiw= 17347 (nnowa keaprip GyguHiry, arigyo TEM)

Mobytosl TennoHaaXoAMEHHA NPOTATOM ONANKBANEHOTS Nepiogy BHIHAYAETEECA 33
doprmynow (13) dna zpomodcerol YocmuHU:

aun l1=x'l.'qp-m'zuﬂ'FFp.- [13}

OB O n— BEAKYHHA NOBYTORKY TEMAGHAANO0MEHE Ha 1M poapaxyHKoso! nAow)
rpomaacsHoro GynuHiy, Br/m?; spaxopyeThcA 33 poapaxyHKoRoo KinssicTio mogel (S0
Br/uon), wo aHaX0AATECA B Gy AMHKY, OCRITAEHHAM (33 BCTAHOBNEHOW NOTYHHICTIO) Ta
odlcHol TexHikK 3 ypaxyeadHAM KinekocT pobodux roguH Ha Tikgede — 40 rog. 3aransHa
HINBKIETE rOgMH Ha THMAEHE - 168,

TennoBugineHHA NPOTATOM THHHA di8 2pomadcokol YacmuMu:
—plg nogel, Wo aHaxogaTecA & Byaleni
90-35.40
[ P — (¥
168
— pig WTy4HOro oceiTAeHHA, MPWAMAETECA 3 poapaxyHiry 35 Br/m? (i3 koediulenTom
BrHopucTadHa 0,.8)
40
Q;=35-3475- —--0,8=2,32 kBr1;
168
— plg odlcHol TexHikk (Homn'0Tepie), NprAMaETeCA 3 poapaxyHky 300 Br slg ogHoro
HOMM'WOTepa, poApaxXyHKoBa KinekicTe omn'oTepis 35, KoediyleHT BUKOPHCTaAHHA Yacy
npoTArom TMsHa 0,95, Toal

300-35-40- 0,95
[ D ———rr = |- 101 -
168

(Q+ Qo+ Qa) (0,75 +2,32 + 2,38) - 10°
[ gy = ==emmmmmmsemmemmnn S mmsem e e e e = 15,68 BTI}'MQ_
Fre 347,5

Ol nwo=0,024-10-176-1734,7=0,732 -10° wBrrog - dae mumaoceol yacmusu
Cap newe= 0,024 - 15,68 - 176 - 347,5= 2,302 -10% kBrrog - dns 2pomMadcelol SOCuHL
Qs o 6yn= 0,732 -10° + 2,302 1107 = 0,962 -10° wBrrog - das Gpdumky.

Tennosi HagxogweHHA yepea sikHa Bl conaynol pagiaull NpoTAros onanoBanEHOND
neploay BMIHayacTecA 3a bopaynom [14) daa weumaoaol YacmuML:

Q= Lo €4 *(Fres - Inwa + Friwe Inwe + Fges Inge + Frias Ingals i14)
e L— woediuledT, wo spaxopye 3aTiHeHHA calThoBoro Npopiay BiKOH HENPOIOPHMK
EAEMEHTAMMW 33NOBHEHHA, NPHUAMAETLCA arigHo Tabna. 1, ACTY -H B A.2.2-5:2007; [,=0,8

Apr.
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2.2

TaBnuua 1. 3aransHa Indopmayia
fata sanopHenua [plk, Micaub, ykueno)

Appeca ByauHRy

Poapofuuik npoeiTy

Anpeca | Tenedon poapobHuKa
LWadp Gyam Ry

Pk GyaiaHuyTea

Tabnauua 2. PoapaxyHHoB] Napasmerpi
HalmeHysanHa pospaxyHHoBwx napametplio

PoapaxyHkopa Temneparypa sHyTplWHbOro
noeiTpA

PoapaxyHKkona TeEMNepaTypa 308H IWHLOTD
noaiTpa

TprpanicTs onanioeansHore neplogy

Cepegua Temneparypa 308HILWHBEro NoaiTpa 3a
onanioeansHAA nepiog

PoapaxyHiona 1insMIcTs rpagyco- gi6
onanioBansHong neploay

PyHHUIOHANBHE NPHUIHAYEHHA, THN | HOHCTPYHTHBHE pllUeHHA Eynnu.u\r

MpradayesHa

Poamiwenmn o 3abyaonl

EHepreTHuHmuii nacnopt MUTnosol yactuHin Gy amHuy

05.01. 2017 p.

oyn. HusHin Ban, 31-A y nu,u,i.rlh::bkun'
padoH m. Kkhesa
TOB «BAPOA CNELUEY A MOHTAM »

gyn. Mana Muromupcska, 9-B, odic ﬁ,l
epyeHipc b uiA padox m, Knesa,

16-01-3N3
2017-2018pp
MNoawavennn | OpguHuua | BeawudHa
Bamipy
t, °C +20
t, c | 22
Zon a6 | 176 |
Lons c | .01
Dy *C.ai6 3538

WATNOBHA ByauHoK 3 a6y a0naH MMM
NPHMILLEHHAMEA Ta N1ABANO0M

B micTobyaieMii cTpyuTypl
poATaWOBAHKA B Memax UeHTpansHoro
[CTOpHUYHOro apeany, B 30HI perylioBaHHa
aabygoen | kareropli, B apxecnoriyvuia
OXOPOHHIA 30M], Ta € CHNANDBOK
YACTHHOK Nam'ATHK nakawadTy Ta
lcTopll Micuesoro sHadverHA. Orouyro|
336y A00K = MUTNOBA T HEMKTAORA
sabygona (Manonopepxonl Ta
CEpEaHBONOREPRaB] Gy aMHHK),

ITidv1.

Agr.

16-01-3M3
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IHAMAAYANEHKAEA NpOEKT B-nopeprosrid GyauHon 3 o6y L00aHuMKH
NPMMILLEHHAMEK Ha NepLLIOoMY noBepcl Ta
nigeanom, 30y a00aHKA 18
IHOMB YN EH UM NPOEKTOM |
HOHCTPYRTHBHE pllleHHA MoHoAITHIKA 3aniaobeTonHKiA KapKac 3
FANOBHEHHARM 3 NOBHOTLNGE LErAK
TaGnuua 3. MeoMETEHYHI, TENNOTEXHIYHI TA EHEPrETHAYHI NOKAIHW KK
Mosradersn i | Hopaamiose | Poapasyvscone | daxmedqe
MIOHATHI POIRAPHICTD | SHaHEHHA (mpoekmae) A
FIOIOHIANE PIOHIIHIH THIMCHHEA NOHATHAKD
MIOHATHAIGY |
MeomeTprHYHl NOKAIHHMKK |
JaransHa NAOLL A00H| WM Fy, m? - 2987
OFOPOAMYBANLHHY  HOHETPYHLIA
Gy amny
B Tomy wnchy:
= CTIH B4, Fuins M2 - 2089
na nosHoTinR yeral Fun 1, m? - 1455
no saniaoBerony Funz, m? - 634
= DiMaH | BANHOHHK OBEpE A Fem, na - 381
Ta BlTpamie (Ha dacaal/mancapapl) (314/67)
- Apepei Fo md - -
= NOKPHTTIE (cymilenns) o 1.4, Fre M2 . 485
cymilieHa nAocka Kplana Fr, m? - 259
cHaTHa Kplana Fop g0 ? - 226
= NEPEKPUTTA HA L NPoIaaanM | Fe, m? - i2
nia eprepamm
MAoLa onanoaansHUE NPHMILEHL Fp, m? - 2 I
MAOLWLE HWETACEAK N PAMILLEHE | Fi i - 17347 '
HyxoHb (BanTo 3 TEN)
OnanwsantHei ob em (ETROBOD Vi, - 7369
Gy aumiy)
HomdiuleHT chnivHA M - 0,14
MoKaAH MK KOMNARTHOCTI By aM Ry A yn - 0,32
Agan,
16-01-3M13

et | W, Apd Mo dox]  idn, | fam




154 ANNEXES

TennoTexHiuHi Ta eHepreTHYHl NOKASHMKK |
TennoTexHIMHI NOKAIHHKK |
Npuesegequi onip rennonepegadl | Ry,
AOBHIWHIK CTIH oropoamynansHug | moK/Br
HOMETEYHLIA
= CTIH B TM, R np i
ne noaHoTiAA wernl Ry g un 1 a3 3,59
no saniaobeTony Rs npunt 33 341
= plkoM | BankoxnHux apepe i Ry npen 0,75 0,98
Ta nitpandno
= NOKPWTTIB (CyMILLEHMK) B T.4, -
cymill@Ha nAocKa KpIBARCKATHS R ne 5,35 542
Hplana T 5,35 6,59
- NEpekpWaTTA Hag npolaoamia | nig
EPREPIMM R np n 3,75 3,98 |
EHEPreTHanl NoKasHuKE |
Poapaxysikonl nuTomi Qen e - [39]
TENAORHTRATI BT roy e
MaKCHMaNsHE AONYCTHME Emaxs [55] -
AHAYEHHA NATOMAY TENAORWTRAT WET rogy
Ha ananemHa GyauHKry |
Hnac enepretuaHol edekTHaHoCT| . . B .
Tepmin ederruaroct| edcnayatawl | Tepmin edertvaroct) ekcnayaraull Tennolacanwidnol '
Tennoizonauiinol obonoHkw Ta il ofonoHky  Ta 1 esementie  pignoslgae  Tepminy
eneMenTIB EHENAYATALT HOMETRYHWIA Gyamuey | cunagae He
mMeEHLWe 25 poxia
BlanonlgHicTs NpoexTy Gy, amHiy Tam
HOPMATHBHAM BHMOraM
HeobxigHicTs AconpaursaHHn | Hi
MPoEKTY Gy aEH kY

TaGnuua 3, BUCHOBHA 38 PEIYALTATAMM OUIMKK EHERTETHYMHKE NapameTpin ByauMury,
Buasinnn woao nlgonueHH eHepretusol edertroHoct GyomHiy

MNpoert slgnoslgae  swmoras JIBH B.2.6-31 a0 tennoTexdlyHudy Ta eHepreTHHHME '
NOKAIHMKIB OropoaMynansHME KOHCTRYKUWIA Gyameiy | nopagry i poapaxydkin, wo
safieaneuye:

PALIOHANGHE BMHOPMCTAMHA  eHepreaTHakMe  pecypcle Ha  obirpiBadHn  npumiLeHs
Gy auHny;
= HOPMATHBH]| NOKAZHMKK CARITapRO- FirleHivHaE napameTpin MiKPoKAIMaTY NPHMILEHb;
= AOBrOBIMHIETE OrOPOMAMYBANLHAY HOMCTPYHWIA NG Y8t erkcnayaTaull Byamuiy,

Apn,

16-01-313
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NPUMILLEHHAMM IPOMAACHHOND NPH3HAYEHHA HA3 BYN. Huwwii Ban, 31-A y Noginbcoxomy

3. TEXHIKO-EKOHOMIMHI NOKASHHKMH

«PeROHCTPYKUIA HEemMTNOBO! By gieni nig muTnosnid GyguHoK 3 BEYA0BaHHMM

paioHi M. Knesas

3amosHus KN sCnewsurtnodpongs

MNe HaAmeHyBaHHA NOKA3HHMKA Op. Kinsxicte | MNpumitea
/e BHMIpY
Bup, GyAiBHHLTES - PEKOHCTPYKLIA
Crynewns BorecTidkocTi - I

1. Mnaowa ginAHKK ra
2. [Nnousa sabyaosm " 450
3. |Nosepxosicrs nosepx -]
4. |3arancHa KiNbKICTL KBApTHP y Byguuky, BTH. | KB, 25
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* poga ™e. M | 99949

*  ENEHTPHUHA EHEpIiA o' | 8639

* Tennosa eHepria Mkan 405,2
13. |Tpweanicte GygiBHMUTEa MiCALb 10

loNOBHWA APXITEKTOP NPOEKTY Baxapesa M. M.
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Annex C. Automation process in Intelligent data-base
and model base management system

Availability and requirements

Project name: MCDM_automation

Source code: https://github.com/anaveland/MCDM _automation/blob/main/ex-
cel_proj.py

Documentation: https://github.com/anaveland/ MCDM_automa-
tion/blob/main/README

Operating system: MacOS

Programming language: Python

Other requirements: pandas==1.3.2; openpyx|==3.0.9

Steps for the first-time setup:

= Open Terminal and write the directions to the file
cd ~/Desktop/excel_proj

= [nstall additional Python virtual environments
python3 -m venv ./venv
source venv/bin/activate
pip install -r requirements.txt

@ @ = excel_proj — -zsh — 80x24

Last login: Wed Jun 8 28:19:47 on ttys8ee B
anastasiiavelykorusova@Air-Anastasiia ~ % cd ~/Desktop/excel_proj
anastasiiavelykorusova@Air-Anastasiia excel_proj % source venv/binfactivate

{venv) anastasiiavelykorusova@Air-Anastasila excel_proj % python excel_proj.py E
xcel_Home_Task.xlsx ./

deactivate

{venv) anastasiiavelykorusova@Air-Anastasiia excel_proj % deactivate
anastasiiavelykorusova@Air-Anastasiia excel_proj %

Fig. C.1. Set-up Python virtual environments — usage (created by author)

Code to reproduce the simulated datasets analyzed within the case study:

pandas as pd
argparse ArgumentParser
pathlib Path
__hame__ ==

parser = ArgumentParser()
parser.add_argument(

type= p: Path(p).resolve().expanduser(),


https://github.com/anaveland/MCDM_automation/blob/main/excel_proj.py
https://github.com/anaveland/MCDM_automation/blob/main/excel_proj.py
https://github.com/anaveland/MCDM_automation/blob/main/README
https://github.com/anaveland/MCDM_automation/blob/main/README

164 ANNEXES

help="Path to excel table to retrieve data from'
)
parser.add_argument(
'save_to_dir',
type=lambda p: Path(p).resolve().expanduser(),
help="Directory to save results table to',
)
args = parser.parse_args()
df = pd.read_excel(args.source_table, index_col=0)

# Stage 1
def stage_1_formula(row, criteria_num: int):
the_sum = sum(row[f'Criteria {i}] for i in range(1, 6))
return row[ Ultimate weights of criteria, qi'l] * row[f'Criteria {criteria_num}7] /
the_sum

foriinrange(1, 6):
dfff'Criteria {i}'] = df.apply(stage_1_formula, axis=1, criteria_num=i)

# Stage 2
name = "The sums of weighted normalized maximizing indices of the windows, '

results_plus = [df[df[*]]['Criteria {i}'].sum() for i in range(1, 6)]
results_minus = [df[~df["*]][f'Criteria {i}].sum() for i in range(1, 6)]

df.loc[name + 'S+]] = [None, None, None, *results_plus]
df.loc[name + 'S-]'] = [None, None, None, *results_minus]

# Stage 3

row_plus = df.loc[name + 'S+|']

row_minus = df.loc[name + 'S-|]

row_minus_sum = sum(row_minus[f'Criteria {i}] for i in range(1, 6))

def calculate_for_criteria(criteria_num: int):
numerator = row_minus[f'Criteria {criteria_num}'] * row_minus_sum

right_part_denom = sum(
row_minus[f'Criteria {criteria_num}T/ row_minus[f'Criteria {i}"]
foriinrange(, 6)
)
denominator = row_minus[f'Criteria {criteria_num}] * right_part_denom
return row_plus[f'Criteria {criteria_num}'] + numerator / denominator

significance = [calculate_for_criteria(i) for i in range(1, 6)]
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df.loc['Windows significance, Qj']1=[ , *significance]
# Stage 4

rating =[]

significance.sort(reverse= )

windows_significance_row = df.loc['Windows significance, Qj']

i in range(1, 6):
value = windows_significance_row[f'Criteria {i}']
rating.append(significance.index(value) + 1)

df.loc['Priority of the alternative] = [ , *rating]
# Stage 5
highest_rating_sig = windows_significance_row[f'Criteria {rating.index(1) + 1}]
degree =[]
i in range(1, 6):

value = windows_significance_row[f Criteria {i}']
percent = (value / highest_rating_sig) * 100
degree.append(percent)

df.loc['Utility degree of the alternative (%)] = [ , *degree]
df.to_excel(args.save_to_dir / 'table_test.xsx’)

Additionally, each of the above steps can either be run using individual shell
scripts or the user can run a single shell script (run_ snp_stage*1.sh) that will carry
out all steps. The addition of new samples is very straightforward, and result files
from previous portions of the analysis that do not need to be re-generated are re-
used. This greatly reduces the computational time when adding new samples as
the mapping and pileup steps are not re-executed.
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