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Problem statement. Urbanization along with the
fast ICTs development and its increasing availability for
people around the globe lead to the emerging concept of
Smart Sustainable Cities. The concept aims to connect
economic, political, social innovations already happen-
ing or just desired in the society with ICTs to solve the
pressing urban challenges.

The concept has successfully overcome the limita-
tions of the initial strictly technologically focused model
(Smart City 1.0) and currently is focused on creating peo-
ple-oriented cities with broadening citizens opportunities
to affect decision-making process (Smart City 3.0).

Municipalities aim to use this model to tackle the
issues they encounter on the local level like overpopula-
tion, pollution, traffic, lack of resources and services, etc.

However, to make the model work successfully, it’s
important to ensure there is an appropriate architecture on the
local and national levels to develop and support the model.

The article aims to review different models suggested
by academic sector as well as real-life functional city
models from Singapore, Chicago, Barcelona, Kyiv, and
create a summary model, which can be used as a basis for
Ukrainian cities.

Analysis of recent research and publications.
The topic is on the agenda of such organizations as UNC-
TAD, ISO, ITU that contributed greatly to the principles
and possible component models of different cities. Also,
works of such academics as Anthopoulos and Vakali (con-
nection between urban planning dimensions and smart
city layers) [1], Hawkins (data-based framework) [2],
Robinson (multi-tier infrastructure) contributed greatly
to the topic of our research [3].

Urbanization along with the fast ICTs development and its increasing availability for people around the
globe lead to the emerging concept of Smart Sustainable Cities. In order to build a successful model, cities
must ensure that there is proper infrastructure in place. Thus, the aim of the article is to look at existing archi-
tecture models in the academic environment (multi-layered model, data-based model, etc.), as well as at the
real-functioning models in smart cities that are considered to be progressive (Chicago, Singapore, Barcelona)
and Kyiv, for comparison. And suggest a summary model for Ukrainian cities that will take into account the
studied experience. In addition, the article studies the criteria for architecture efficiency provided by interna-
tional organizations (UNCTAD, ISO). The international experience in developing the architecture of smart
cities is important in the context of the active concept development in Ukrainian cities.

Key words: smart sustainable city, architecture, multi-layered model, urbanization, ICTs.

Main results of the research. The term “architec-
ture” refers to the art of designing and building struc-
tures and their complexes that form a spatial environ-
ment for human life and activities. Thus, architecture
in general is an abstract idea of a certain system or
structure.

Applying the term to smart city concept, the archi-
tecture refers to the organization and interconnections
between all potential subsystems and elements that allow
the provision of all necessary services by a smart city to
end users.

Smart city architecture enhances the city’s infrastruc-
ture and its abilities via the Data layer which previously
was not available, see Fig. 1. And right now this layer
greatly impacts the quality and the form, in which ser-
vices are provided to citizens [4].

Taking into account each city tends to develop its own
model, the question of common standards and principles
development plays an important role in the discussion.

UNCTAD in its Paper on Smart Cities and Infrastruc-
ture has outlined the following design principles that are
crucial for smart city infrastructure [5]:

— people-centred and inclusive infrastructure, mean-
ing the infrastructure should respond to the needs of
people instead of just focusing on “technology-centric”
approach. The infrastructure should take into account cit-
izens’ lifestyle, culture, behaviour, needs. And it should
ensure inclusiveness.

— resilience and sustainability, meaning cities should
be able to survive, adapt and thrive in the face of stress
and shocks. Moreover, they should be able to transform
when conditions require it.
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Fig. 1. Smart City Architecture [4]

— interoperability and flexibility should allow in the
future easily to replace and enhance smart city infrastruc-
ture components.

— managing risks and ensuring safety is important
since smart infrastructure can be prone to hacking and
illegal access. There are also concerns with regards to
citizens’ privacy. So, attention should be paid to the
development of the needed skills and risk mitigation
strategies.

On the other hand, ISO/TS 37151 outlines 14 basic
needs that should be met by the efficient city infrastruc-
ture, see Fig. 2 [6]. Those can be grouped within 3 dimen-
sions: an ecological, economic, and social perspective.
Thus, they aim to cover the needs of citizens, managers,
and municipality.

From ecological perspective:
- efficient resource management;
— - mitigating the effects of climate change;
- decrease of pollution;

- preservation and protection of natural
resources.

From economic perspective:
- efficiency;
- access of information;

- resilience;
- maintainability.

From social perspective:
- availability(financial and physical);

SMART CITY INFRASTRUCTURE

- safety and security;
- quality.

Fig. 2. General principles and requirements
for Smart City Infrastructure [6]
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Different scholars have contributed greatly to the
topic enhancement. For example, Anthopoulos and Vakali
(2012) have outlined four levels of a generic multi-tier
common architecture:

— users level which includes both those who consume
electronic services (end-users) and those who provide/
supervise them;

— services level which covers all the e-services pro-
vided by smart city;

— infrastructure level, includes networks, informa-
tional systems and supporting objects that are required to
deliver the services to the users;

— data level which is needed to accommodate all the
produced, gathered and spread information [1].

Hawkins (2014) bases his model on “measuring, trans-
ferring, and managing data.” The layers include: hard-
ware (a combination of devices, sensors, networks that
allow the elements to become aware of the surrounding
environment), smart software (leverages the data coming
from physical hardware and includes data management,
analytics, optimization, and control) and supporting ele-
ments (security, power provision, communication paths,
data quality and veracity) [2].

Rick Robinson, IT director of Smart Cities, Infra-
structure & Property Leader at Arup, outlines six layers:
“Goals”; “People”; “Ecosystem”; “Soft Infrastructures”;
“City Systems” and “Hard Infrastructures”. So, as we can
see going beyond a simple narrow technical infrastructure
term.

The analysis of the real smart cities shows that most
of them also rely on multi-tier architecture [3].

McKinsey Global Institute in its research assesses
the quality of deployment infrastructure through three
dimensions: technology base, applications, public adop-
tion (see Fig. 3) [7].

The assessment is based on three components: the avail-
ability of the necessary digital central nervous system; the
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amount of applications that have been implemented in
each city to date; the perspective of the public.

According to the study, New York, Singapore,
Seul, Amsterdam, and Chicago are among the lead-
ing cities in the world [7].

Further on, we would like to review the models
accepted by different cities. Chicago has started its
journey with two goals: making sure everyone has
proper access to the Internet and ensuring they know
how to use it. Chicago has run a program with federal
funding called Smart Communities (SC). The program
works to increase digital access and use by families
and businesses in five low-income neighbourhoods.
Services include computer training classes, family and
business centres, and public computer centres [§].

All the data in the city received through the sen-
sors and networks are accumulated on the Open Data
portal, applying to which predictive analytics, the city
provides more effective services. Based on the open
data, Chicago has already launched two [oT platforms:
Array of Things and Smart Lightning (see Fig. 4).

In Singapore, the Smart Nation Vision comprises
urban sectors (such as mobility, environment, health-
care, logistics, etc.), supporting ecosystems such as
industry and manpower, and Smart Nation Platform.
Smart Nation Platform is divided into two layers:
Smart Nation Operating System (SN-OS) and Com-
munications & Sensor Network (see Fig. 5). Com-
munications & Sensor Network is foundational infra-
structure for deploying essential field facilities such as
smart meters, flood sensors, etc. [9]. Based on Com-
munication & Sensor network, Smart Nation Operat-
ing System operates in three layers: sensor manage-
ment, data exchange, and sense-making platform.

Barcelona’s approach aims to begin with the citizens’
needs at first instead of just solving a technological prob-
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Fig. 3. The quality of deployment infrastructure [7]
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Fig. 4. Chicago Smart City Model

Source: the author's development based on [8]

lem. The city’s Chief Technology Officer decided to look into — broadband connection;
the ways technology can serve people, which includes such — Internet of Things;

i}

components as “democratisation of data’
ment”, and “technology for the people” [10].

, “digital empower- — smart personal devices;

— cloud computations (the city has established a City

Since 2014, a Sentilo sensors platform was launched  Data Centre and used cloud computations for the online
which allows gathering data from different sensors budget project);
employed across a city. Barcelona has also developed — Big Data Analysis [11].

CityOS, a standardised ontology for data

that integrates with Sentilo. It allows having SUPPORTING
a single API for services to start building Al ECOSYSTEM
and machine learning with analysis. — -

The whole mo delg is based 031,1 three com- | Urban Mobility I | Environment | | Healthcare | A
ponents: Digital Transformations, Digital | Logistics | | Manufacturing | | Management | Build Industry
Empowerment and Digital Innovation (Fig. 6).

In the Kyiv Smart City Strategy 2020, which | Energy&Sustainability | | Retail&Advertising |
was developed in 2015 and accepted in 2017, Develop IP
we find a connection between digital infra- SMART NATION PLATFORM
structure with municipality and citizens’ needs. | Smart Nation Operating System (SN-OS) I
Using sensors, the city aims to collect open data, — Build Manpower
which serve as a tool to develop the needed apps | Communications & Sensor Network |

and services. The key infrastructure components
include but not limited to (Fig. 7):

Fig. 5. Singapore Smart City infrastructure [9]
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Based on the research performed, we would like to
offer the following summary model to be pursued by
Ukrainian cities (Fig. 8). The model takes into account not
only digital infrastructure but also a physical one. Since
for the old cities, this becomes a big issue to connect old
physical infrastructure with smart digital infrastructure.

SENSORS (Sentilo platform)

CityOS [standardized ontology data]

IoT ] [ Machine Learning ] [ Al ]

Citizens Needs

Digital
transformations

Digital
Innovation

Digital
Empowerment

Fig. 8 also outlines the challenges we expect on the way
of integration. Addressing the challenges for each level
should contribute greatly to the concept’s development
success.

Conclusions. The analysis shows that even though
cities might have the needed technologies to develop
smart cities already available, their deployment is
hampered by the technical, social, and administra-
tive challenges [12]. Horizontal integration of infra-
structures through technology is essential to reap the
benefits of innovation. While the role of nationally
and internationally accepted common standards are
of high importance here. Since, without common
terminology and procedures, stakeholders won’t be
able to collaborate effectively.

Nowadays the cities are mostly focused on
improving the integration of historical verticals,
i.e. parts of the existing utilities, improving e.g.
energy efficiency or reducing water leakage. While
horizontal integration (combined data from differ-
ent sectors for better management) will be the sec-

[ Urban Technology ] Dlgltal Economy

ond step [12].

The results of our study show that smart cities
put people along with their needs at the centre of the

[ Better Government ] [ Dlgltal Inclusion

Make in BCN

(
[ i.lab
[

[ City Data Commons] [ Digital Education ]

] concept. And use technologies to enhance the pos-
sibilities to meet their needs, as a tool and not as a

[ Digital Rights ]

Fig. 6. Barcelona Smart City model

Source: the author'’s development based on [10]

final goal.

All the analysed cities have a pretty similar
approach to digital infrastructure, which includes
a sensor platform to gather the data, networks to
spread it, and open data platform to store the data
and use for analysis. IoT platforms are used as a
bridge between the digital and physical world for
more effective service provision.

In the Ukrainian context, we believe that archi-
tecture should cover physical layer, soft component
along with the data layer. Material infrastructure
very often has quite poor quality while proper skills
and communication along with the required exper-

tise seem to be an issue as well. The experience
shows that having smart technologies is not enough;
cities should also have “smart people” investing in

education. And, of course, cities should stay peo-
ple-focused and ensure citizens approve and under-

stand new approaches and tools. Thus, the main
challenges we see are:

— the general acceptance of new services and
approaches among the society and what’s even more

important — inclusiveness;
— the question of integration between the old and

new services;
—the level of state intervention into services pro-
vision and the question of competition;
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Fig. 7. Kyiv Smart City Model [11]
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— compatibility of the existing infrastructure
__ (usually old) with the new technologies;

— environmental impact;

— funding sources, etc.
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Fig. 8. Smart city infrastructure with challenges

Source: the author's development
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AHAJII3 MOJIEJIEM APXITEKTYPHU PO3YMHOI'O MICTA

B ymosax cmpimxoi ypbanizayii ma pozeumxy IKT akmuenozo nowupenns nadysae konyenyis PosymHoeo cmanozo
micma, wo mae na memi donomoemu micmam y eupiwienni ypoanicmuunux npoonem XXI cm. (nepenacenenns, opax
pecypcie ma nociye, 3a0pyOHeHHsl, CMAapiHHs HacelenHs mowo). Konyenyis nooonrana 0os2utl wiisix 6i0 cymo mexHosno-
2IuH020 piutentsl, o nouamkoso npocysanocs 1T komnauismu 00 J0OUHOYEHMPULHOL KOHYENYil, Wo PO3UUPIOE MOIC-
JUBOCTI MEWKAHYIE 6NAUBAMU HA PO3BUMOK 68020 micma. [Ipome 0ns ycniunoi po36y0osu mooeni micma maroms 3aoes-
neuumu iCHY8aHHs HaLeNiCHOT iHgppacmpykmypu na micysx. Ocobnusicmio apximexkmypu Pozymnux micm € nossa piens iz
OaHumu, ujo 0036014€ OLNbIU edheKMUBHO pea2y8amu Ha 3aNUmMu HaceleH s, Ha0asamu Kpauji Nocay2u ma nonepeoxcamu
Kpumuuni cumyayii. [{ysice wacmo npoonema nousicae y MOd#CAu8oCnii NOCOHAHHL 8ce HAA8HOI cmapoi inghpacmpykmypu
i3 HOBOW OiddHcUumMan Haoby0oeor. A makodic 6i0CymHOCMI €OUHUX CIAHOAPMIE Mma npoyeodyp, wo Cnpocmuio O npo-
yec KOMYHIKayiil Midc ycima 3ayikagienumu cmoponamu. Ha cbo2o0niwniti denv micma Oinbul 30cepeddiceni came Ha
NOKpAWeHHi 6epmuKanbHol inmezpayii yacmuH iCHYIOUUX cucmem (eHepeemuynil eqhekmueHOCmi, SMEeHUENH] PeCyPCHUX
8mMpam mouo), 20pU3OHMAIbHA JHC THMezpayis (Moomo NOEOHAHHA OAHUX I3 PIZHUX CEKMOPI8 01 KPauwio2o YNpasiiiHsi)
8i00y6acmuvcs 8xce Ha HacmynHomy kpoyi. Cmamms mae Ha memi pO3IAHYMU ICHYIOUL MOOei apXimeKkmypu y HAYKo-
8OMY cepedosuwyi (bazamouaposa mMooeib, MoOOelb 3ACHOBANA HA OAHUX MOWO), A MAKOIC Y KOHYENYIAX peanbHO QyHK-
YIOHYIOUUX PO3YMHUX MICIM, WO B8ANCAIOMbCIL NEPEOOBUMU Y HANPAMKY po30y0osu pozymuux cmanux micm (Yuxazo,
Cineanyp, bapcenona) ma Kueea, ons nopisusinus. Ta y pesynomami 00CHiodceH s 3anponoHyeamu OOYLIbHUll 6apianm
071 ykpaincokux micm. Lo maxodic 6paxo8ye GUKIUKU, WO NOCMAIOMb HA KOJHCHOMY i3 emani, 30kpema, npoonema cnpuii-
HAMMA MEWKAHYAMU HOBUX NOCLYE Md NUMAHHS IHKIFO3UBHOCTI CYCNITbCMEA, DIBEHb 0ePHCABHO20 8MPYUAHHI Y NPOYec
HAOAHHSA NOCTYe, NUMAHHA NOEOHAHHA ICHYIOUOI (OyoHce uacmo cmapoi) ingppacmpykmypu i3 HO8UMU MEXHONO2IAMU A
Oidorcumain Haddy008010, 6NIUE HA OOGKLLIS, NOULYK Odxcepell (inancysants i m.o. Kpim moeo, y cmammi Hagoosimvcsi
Kpumepii egpexmusHocmi apximexkmypu 3a MisicHapoOHumu cmanoapmamu (FOHKTA/], 1SO). Ta oyinka sikocmi ingpa-
cmpykmypu 3a memooonocieto McKinsey. Misxchapooruii 00¢8io po30y0osu apximekmypu pO3yMHUX MICI MA€E 8ANCTUGE
3HAYEHHs 8 YMOBAX AKMUEHO20 PO3EGUMKY KOHYeNYii 68 YKPAiHCbKUX MiCMax.

Knrouosi cnosa: posymne cmane micmo, apximexmypa, bazamouiapoga mooens, ypoarizayis, IKT.

AHAJIN3 MOJEJIEA APXUTEKTYPbl YMHOI'O TOPOJIA

B ycnosusax cmpemumensuoil ypoanuzayuu u pazeumus UKT akmusHoe pacnpocmpanenue npuobpemaenm KOHYenyus
YMHO2O YCmOouuueo2o 20podd. OOHAKO O YCHEWHO20 Pa3eumus Mooei, 20pooa OONHCHbI 0Decneuumy CyujecmeosaHie
Haoaexcaujel un@pacmpykmypul Ha mecmax. Cmamus umeem yenvio paccmompendb Cyuecmsyroujue MoOenu apxumexniypsl
6 HaY4HOll cpede (MHO2OUAPO8as MOOeb, MOOeTb OCHOBAHHAS HA OAHHBIX U T.N.), A MAKX*Ce KOHYEenyuu peanbho yHKYu-
OHUPYIOWUX YMHBIX 200008, KOMOPble CHUMAIOMCS NePedosbIMU 6 HANPAGTIeHUU PA3GUMUs YMHBIX YCMOUNUBHIX 20PO008
(Yuxaeo, Cuneanyp, Bapcenona) u Kuesa, ons cpasnenus. M kax pe3ynsmam, npeonodcums Mooeis 0Jist YKPAUHCKUX 20p0008
HA OCHOBe paccmomperHo2o onvima. Kpome moeo, 6 cmamve npusoosamcsi Kpumepuu 3p@heKmueHocmi apxXumekniypol 8
coomgemcmauu ¢ mexcoyHapoonvimu cmanoapmam (FOHKTAJL 1SO). Meswcoynapoousiii onvim pasgumust apxumexniypbl
DABYMHBIX 20POO08 UMEE BAHCHOE SHAUEHUE 8 YCTOBUAX AKMUBHOL0 PA3BUINUA KOHYENYUl 8 YKPAUHCKUX 20POOGX.

Knioueesvie cnosa: ymuulil ycmouuusslii 20p00, apXumexkmypa, MHO20YposHesas mooennv, ypoanusayus, MKT.
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