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EVALUATION OF ARCHITECTURAL MODELS AND APPLICATIONS OF
SMART CITIES

SUMMARY

With the advancement of technology and the expansion of urban areas in the world,
various and new requirements have been shown up. Particularly, the modern era we
live is obliged the people to take some concrete steps for having a better life.
Benefitting from the products of technology during the casual life has been
indispensable for not only people, but also countries at larger scale. This situation is
one of the most important basics of modern life. The rapid growth in urban areas results
in some important problems which affect also adversely the life quality at the same
time. To have a better life in a sophisticated urban environment, constituents of the
urban structure should be orchestrated in the way of what facilitates the life of citizens.
To this end, the term of smart city has been emerged to meet the needs of people living
in ever-growing urban areas.

In this thesis, it has been firstly emphasized what the smart city means, why the concept
of smart city is important and which aspects make a city smarter. Following, it has
been investigated the technical structure of smart city concept which composes of
certain system architectures. The concept of smart city is embodied different
characteristics and systems. Appropriate design of these systems is seriously
important. In this regard, various system architectures proposed in the literature
oriented to the implementation of smart city services in the best way has been studied.
It has been expressed in depth which components form the relevant system
architectures and what these system architectures are used for.

Afterwards, it has been tackled the relationship between the smart city concept and the
technology, because understanding of this relationship in a good way will shed light
upon the solution of this complicated puzzle composed of numerous technologic
factors. To this end, information and communication technologies constitute the most
dominant factor. Smart city systems are comprehensive structures in which there are
lots of tools, sensors and other kinds of devices. A ubiquitous and simultaneous
communication between these components is vital for sustainability and effectiveness
of smart cities. Handling and storing of big data, the management of urban data, the
assessment of big data analytics or the utilization from cloud computing with expected
productivity are other remarkable subjects which have been studied within this thesis
related to the smart city concept in technologic perspective.

Thereafter, the general situation of the smart city development has been handled in
terms of 3D visualization, since 3D visualization and its components are other basic
parts of a qualified smart city system. Today, 3D city modelling is a rising trend which
attracts the researchers. These models are quite important to have enough information
about the urban fabric, specific dynamics or problematic zones of it in terms of the
urbanization. Besides, it has been highlighted the importance of the establishment of
expected spatial data infrastructures that will meet principal requirements of not only
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smart city modelling, but also 3D visualization. Moreover within this thesis; it has
been clarified the basic terms giving way to the development of 3D visualization
associated with the smart cities, the coverage and mission of I-SCOPE projects being
carried out to be produced the smart city models with 3D visualization by European
countries.

Finally, some existing smart city projects have been scrutinized within the body of the
thesis for mapping out the level of consistency among the vision of smart cities and
ongoing application studies. The evaluation of smart city projects around the world
and in Turkey has shown existing deficiencies associated with the characteristics of
the vision of smart cities. These deficiencies have been individually expressed in the
tables. Besides, the recommendations, which may be considered as the constructive
solutions and future works have been specified in the last chapter of the thesis.
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AKILLI SEHIRLERIN MiMARiI MODELLERININ VE
UYGULAMALARININ DEGERLENDIRILMESIi

OZET

Teknolojinin ilerlemesi ve diinya lizerindeki kentsel alanlarin genislemesiyle beraber,
farkli ve yeni ihtiyaclar ortaya ¢ikmustir. Ozellikle iginde yasadigimiz modern ¢ag,
daha iyi bir yasama sahip olmak i¢in toplumlar1 baz1 somut adimlar atmaya tesvik
etmektedir. Icerisinde farkli isleyis mekanizmalari barindiran kentsel yasam kavramu,
giin gectikge daha karmasik ve kontrol edilemez bir hale gelmektedir. Yogun niifus ve
bunun paralelinde ortaya ¢ikan ek ihtiyaclar, yonetim sistemlerinin ve karar verme
makamlarinin is yiikiinii ciddi surette artirmaktadir. Biyiik toplumlar, biyik
ekonomiye ve bu dogrultuda kullanima agilmasi beklenen biiyiikk hizmetlere
gereksinim duymaktadir. Var olacak hizmet sisteminin kurulabilmesi ig¢in, bu
konularin ileri gelen uzmanlarina 6nemli gorevler diismektedir. Hedeflenen noktalara
ulasabilme ve yiiksek beklentileri karsilama yolundaki en biiyiik yardimcilar ise hic¢
sliphesiz, teknoloji ve onun sundugu imkénlardir. Giiniimiiz sartlarinda insan hayati,
teknolojiyle i¢ ige gegmis vaziyettedir. Gegmiste insanoglunun kendi imkanlariyla
yapmak zorunda oldugu pek c¢ok sey artik, teknolojinin sagladigi kolaylastirici
unsurlarla yapilmakta ve bu durum giin gectikge etkisini artirmaktadir.

Ote yandan, giinliik hayat: yasarken teknolojinin nimetlerinden yararlanmak sadece
insanlar i¢in degil, daha genis 6l¢ekte iilkeler icin de vazgecilmez bir hale gelmistir.
Temelde bireysel olarak ortaya c¢ikan ihtiyaglar, insanlarin bir arada yasama
zorunlulugunun etkisiyle genisleyerek toplumlara ve akabinde iilkelere sirayet
etmektedir. Gecmisten giinlimiize kadar artarak devam eden bu durum, teknolojinin
hakim oldugu modern ¢agin da en énemli esaslarindan birisi haline gelmistir. {lerleyen
zaman iginde degisen sartlar, insanlarin tarihi siireg igerisine yayilan gog faaliyetlerini
etkisi altina almakta, kentsel alanlarin cazibe noktasi haline gelmesine sebep
olmaktadir. Kirsal alanlarin kisitlayici sartlarindan siyrilip kentsel yasama merhaba
diyen insanlar tarafindan gergeklestirilen yogun go¢ dalgalari, demografik yapinin kisa
zaman i¢inde kentsel alanlar {lizerinde yogunlasmasina neden olmaktadir. Kentsel
alanlardaki bu hizli biiyiime ayn1 zamanda, kent hayatinin kalitesine zarar veren ve
dikkat edilmesi gereken ciddi sorunlara yol agmaktadir. Bu noktada incelenmesi
gereken en Onemli husus, genis bir payda iizerinde yayilim gosteren kentsel yapi
olgusunun meydana gelmesini saglayan farkli dinamiklerdir. S6z konusu durum
kentsel yapinin ve buna olarak kentsel hayatin cok yonliiliigli olarak da ifade edilebilir.
Sozu edilen bu ¢ok yonli kentsel gevrede daha kaliteli ve yipratict faktorlerden
arindirilmig bir hayatin yasanabilmesi i¢in, kentsel yapiy1 olusturan bilesenler, kent
sakinlerinin hayatlarin1 kolaylastiracak bi¢imde diizenlenmelidir. Bu dogrultuda,
durmadan buytyen kentsel alanlarda yasayan insanlarin ihtiyaglarina daha iyi cevap
verebilmek maksadiyla projeler gelistirilmis, ¢aligmalar yapilmis ve netice itibartyla
akilli sehir kavrami ortaya ¢ikmustir.
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Bu tezde oncelikli olarak; akilli sehir kavraminin ne demek oldugu, akilli sehir
kavraminin ni¢in 6nemli oldugu ve hangi 6zelliklerin bir sehri akilli hale getirdigi
vurgulanmistir. Akilli sehir kavrami hakkinda sabit ve bilim g¢evresinin mutabik
kaldig1 belirli bir tanimlama bulunmamaktadir. Bu konuda calisma ve arastirmalar
yapan uzmanlar, akademisyenler, arastirmacilar ve kuruluslar tarafindan farkl
tanimlamalar gelistirilmistir. Literatiirde bu agidan biiyiik bir zenginlik ve ¢esitlilik s6z
konusudur. Akilli sehirlerin 6nemi, sahip oldugu anlamsal muhteva ile dogrudan
iliskilidir. ilgili muhteva kapsaminda one siiriilen karakteristik Ozellikler, ayni
zamanda akilli sehircilik hareketinin vizyonunu ve misyonun belirlemektedir. Bu
baglamda yapilan literatiir arastirmasi ile bahsi gegen belirgin 6zellikler vurgulanmus,
bir sehrin nicin akilli olmasi gerektigi ifade edilmistir.

Devaminda, akilli sehirlere doniisiim teknik acgidan ele alinarak belirli sistem
mimarilerinden olusan akilli sehir kavraminin teknik yapist irdelenmistir. Akill
sehirlerin insa edilmesinde gerekli olan bu teknik yapi, hali hazirda devam eden ve
devam edecek olan ¢aligmalarin ¢ergevesini teskil etmektedir. Teknolojik ilerlemelere
paralel olarak gelistirilen bu yap:1 farkli mimarileri igermektedir. Verinin nasil ve
nerede islenecegi, nerede depolanacagi, nerede revize edilecegi, veri bazl iligkisel
diizenin nasil kurulacagi, verilerin uygulama sahalarina nasil aktarilacagi ve somut
hizmet faaliyetlerine nasil doniistiiriilecegi farkli katmanlar vasitasiyla tanimlanarak
akilli sehir mimarileri tasarlanmaktadir. Bu sistemlerin uygun sekilde tasarimlanmasi
ciddi manada 6nem arz etmektedir. Kentsel dokularin kendi i¢lerindeki 6zgiin yapilari
ve Kkarakteristik Ozellikleri g6z ©niinde bulundurularak tasarlanan akilli sechir
mimarileri, ¢aligma siirecinde hem zamandan hem de biitceden tasarruf saglamaktadir.
Uygulama sahasinda istenen sonuglarin elde edilmesi, akilli sehircilik hareketi
kapsamindaki teknik altyapinin kavramsal acidan iyi bir sekilde anlasilmasina
baglidir. Bu dogrultuda, literatiir kapsaminda akilli sehir hizmetlerinin en 1yi sekilde
uygulanmasina yonelik olarak dnerilmis cesitli sistem mimarileri incelenmistir. Ilgili
sistem mimarilerinin hangi kisimlardan olustuklar1 ve yararlar1 detaylica ifade
edilmistir.

Ardindan, akilli sehir kavramiyla teknoloji arasindaki iliski ele alinmistir. Ciinkii
mevcut iligkinin yeterli bir bicimde anlasilmasi, pek ¢ok teknolojik yapiy1 iceren bu
karmagik bilmecenin ¢oziimiine 151k tutacaktir. Bu bakimdan, bilgi ve iletisim
teknolojisi en belirgin temeli teskil etmektedir. Akilli sehir sistemleri; igerisinde pek
cok aracin, sensoriin ve farkl tiirlerde aygitin bulundugu kapsamli yapilardir. Bu
bilesenler arasindaki es zamanli ve genis kapsamli bir iletisim, akilli sehirlerin
stirdiiriilebilirligi ve verimliligi acisindan hayati bir Onem arz etmektedir. Bu iletisim
esnasinda meydana gelen veri aligverisleri sonucunda, ¢ok yliksek boyutlara sahip veri
havuzlar1 olusmakta ve bu durum yeni sorunlari beraberinde getirmektedir. Teknolojik
bilesenlerin en dnemlilerinden biri olarak kabul edilen veri ¢esitlerinin anlasilmasi ve
bunlarin rasyonel adimlarla yonetilerek kontrol edilebilir bir sekle sokulmasi, en ¢ok
dikkat edilmesi gereken konulardan biri olarak gbéze carpmaktadir. Bahsedilenler
dogrultusunda; biiyiik verinin idare edilmesi ve depolanmasi, kentsel verinin yonetimi,
biiyiik veri analitiklerini degerlendirilmesi, agik verinin ne oldugu, hedeflenen
verimlilikte bulut bilisim teknolojisinden faydalanma ve veri temelli sorunlar bu tez
kapsaminda akilli sehirlerin teknolojik boyutuyla alakali incelenen diger konulardir.

Yine bu tez kapsaminda, akilli sehir gelisiminin genel durumu 3B gorsellestirme
acisindan ele alinmustir. Clinkii 3B gorsellestirme ve onun bilesenleri, nitelikli bir akill
sehir sisteminin diger temel Ogeleridir. 3B sehir modelleme; gilinlimiizde
aragtirmacilarin ilgisini ¢eken, yiikselen bir egilimdir. Bahsedilen bu modeller sehir
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topografyasi, kentlesmeye dayali 6zel dinamikler ya da kentlesme agisindan sorunlu
bolgeler hakkinda yeterli bilgi elde etmek bakimindan olduk¢a onemlidir. Bunun
yaninda, sadece akilli sehirlerin modellenmesiyle ilgili degil, ayn1 zamanda 3B
gorsellestirmeyle de alakali birincil ihtiyaglar1 karsilayacak, hedeflenen mahiyetlerde
konumsal veri altyapilarinin tesis edilmesinin 6nemi ifade edilmistir. Dahasi, akill
sehirlere yonelik 3B gorsellestirme gelisiminin Oniinii agan temel kavramsal tanimlar,
3B gorsellestirme destekli akilli sehir projelerinin iiretilmesi i¢in Avrupa tlkeleri
tarafindan yiiriitiilen I-SCOPE projelerinin kapsam ve misyonu bu tez kapsaminda
aciklanmistir.

Son olarak bu tez biinyesinde; akilli sehirler vizyonu ile devam eden uygulama
caligmalar1 arasindaki tutarliligi detaylariyla ortaya koyabilmek igin, bazi mevcut
akill1 sehir projeleri mercek altina alinmistir. Diinyanin ve Tiirkiye’ nin farkli yerlerine
iliskin yapilan akilli sehircilik ¢aligmalart; akilli hareketlilik, akilli ekonomi, akilli
insan, akilli yasam, akilli ¢evre ve akilli yonetim parcalarindan olusan ve akill
sehircilik hareketinin odak noktasi olarak degerlendirilen akilli sehirciligin
karakteristik 6zellikleri 15181nda irdelenmistir. Diinya ¢apindaki ve Tiirkiye’deki akilli
sehir projelerinin bu metotla degerlendirilmesi, sozii edilen karakteristik 6zellikler
bakimindan ©6nemli eksiklikleri gozler Oniline sermistir. Bu eksiklikler sonug
boliimiinde iki ayr1 tablo halinde belirtilmistir. Ayrica yine tezin sonug¢ bdliimiinde,
yapict ¢oziimler olarak goz Oniinde bulundurulabilecek bazi oneriler ve gelecege
doniik ¢alismalardan bahsedilmistir.
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1. INTRODUCTION

The human population increases in the world year by year. This situation that is
unavoidable rises lots of negative consequences affecting on human life, especially in
terms of quality. On the other hand, technological developments that are ongoing
triggers migrations from rural to urban areas. New members of cities who come from
rural areas with hopes such as getting a new job, living more comfortably or making
more money cause the population growth in cities. More crowded cities need more
basic supportive and helping functions which must be performed to better manage their
issues becoming bigger because of the over population. Unfortunately, some adverse
circumstances might be more frequently occurred in governance and management of
city services in many countries throughout the world. It is clear that the increased
population in urban environment may not be decreased by being turned back the flow
of migrations. That’s why the only solution is to develop new solution techniques
utilizing the advantages of technology which allow creating more efficient city
services by providing the coordination between different stakeholders interested with
the city governance. These solution techniques may consist of a wide range of urban
issues that are from traffic jamming to environmental protection for sustainable city
development. The aim of inventing novel tools is to enable high quality life for
citizens. The transition from traditional cities to smart cities provides taking concrete
footsteps going to the targeted prospect. As every works being built up from nothing
intrinsically face numerous problems, the creating of smart cities to make them better
accommodable places for residents are being challenged with different problems that
need to be overcome. The most important matter and target is how these problems will

effectively be solved by latest technologic techniques.

In this thesis, it has been focused on the smart city modelling and 3D visualization of
smart cities with the aim of meeting the aforementioned requirements. In the second
chapter of the thesis, the general understanding about the term of smart city in the
literature has been presented. Moreover, the basic aspects which transform a traditional

city into the smart city have been investigated and shown.



Thereafter, the technical requirements for a smart city modelling have been
investigated in a detailed way in the third chapter. The fundamental architectures of
smart city systems have been defined by considering the exact needs of urban areas.
These architectural systems are the technical frameworks of the smart city systems
which are necessary for operating of smart services. Different layers and relations have
been described within the relevant architectures. Shedding light upon the technical
details related to the smart cities is extremely necessary for the understanding of these
architectures. A better architecture means a better performance, better services and a

better quality in the urban areas in terms of all critical points.

In the fourth chapter, the technologic components within the smart city phenomenon
have been examined. As it is known, the smart cities are technically composed of a
multifaceted structure. One of the most important faces is also the technology. The
concept of smart city can be evaluated as a synthesis or an intersection of different
technologies within the body of urban environment. The development of smart city
concept requires benefitting from technology in a wide range. In this context, the
analysis of latest technologies, which are the cornerstones for the smart city solutions,
such as Information and Communication Technology (ICT), Internet of Things (1oT),
cloud computing, open data, big data and urban data has been meticulously done to

figure out the technologic side of smart cities.

In the fifth chapter, 3D visualization process within smart cities has been studied.
Because a smart city model of high quality cannot be acceptable without a 3D city
modelling. A better visualization provides making better and constructive decisions
related to forward-looking policies and plans about the city management. The
visualization also enables diverse fundamental insights about the building up process
of smart city services by means of spatial data infrastructure. The above mentioned
matters allow creating desired smart city models. Additionally, the basic definitions
about the background of smart city visualization and ongoing I-SCOPE projects

oriented to 3D visualization in smart cities have been explained in this chapter.

In the sixth chapter of the thesis, the general evaluation of international smart city
projects developed or being developed around the world have been made to
demonstrate the current situation of the world in smart city modelling. Deficiencies of

these projects have been identified according to the smart city characteristics.



Following, the general evaluation of smart city projects in Turkey has been made to
come into prominence the current situation of the national smart city vision in the
seventh chapter. The evaluation has shown that there is no a holistic smart city

approach that covers all basic smart city characteristics at application stage in Turkey.

In the final chapter of the thesis, the recommendations and future works that can be
helpful for eliminating the deficiencies and hardships connected with the design of
expected smart city models have been expressed. Main deficiencies of existing smart
city studies around the world and in Turkey have been demonstrated in the tables by

considering the smart city characteristics.






2. WHAT IS THE SMART CITY?

The increase of expectations of people concerning with a better life has been induced
coming up the term of smart city. Particularly, this term is being repeated by experts
in last decade. Smart city was proposed as a term by Oxford University in charge of
Oxford Program for the Future of Cities at first. The people affiliated with the science
environment have been searching the true definition about what the smart city really
is. Actually, there is no an absolute definition of smart city. Experts who study on the
establishment of a smart city model have differently defined what the smart city is.
According to Roche (2014), “A smart city is a city that is able, in a multi-faceted
territory, to efficiently mobilize technological innovations so as to anticipate,
understand, openly discuss, act and serve many actors with a wide range of profiles”
(p. 708). The definition expresses general mission and goals of the smart city and is
emphasized importance of the technology on its way of being formed. Washburn et al.
(2010) stated the smart city as “a city that uses information and communication
technologies to make the critical infrastructure components and services of a city
(administration, education, healthcare, public safety, real estate, transportation and
utilities) more aware, interactive and efficient” (p. 2). Washburn et al. has been
emphasized on that services which are the backbone of city life have been the higher
quality with the help of smart city. Batty et al. (2012) defined the smart city as
“synthesis of hard infrastructure (or physical capital) with the availability and quality
of knowledge communication and social infrastructure” (p. 486). There are many
definitions about smart city like these ones. The common point between the definitions
is that internet and communication technologies are fundamental criteria for being
operated smart services in the city. Also, the frameworks and infrastructures related to

this technology should be established very well around whole urban areas.

In addition to, experts have been addressed the unignorable importance of the smart
city, because the term of smart means the facilitation of urban life through the

integration of technologic developments with real life. The smart city’s system is



formed by the conglomeration of mutually complementary sub-systems. Each of them
takes on particular tasks for the Improvement of urbanization. Cities, specially
nowadays by the more engagement of diverse technologies on people’s life, may be
resembled a complicated chain structure which has lots of different constructive
elements to carry out its base functions. The Figure 2.1 demonstrates this complicated

and interconnected system structure.
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Figure 2.1 : The smart city model based on other smart city definitions (European
Investment Bank Institute, 2015).

On the other hand, the smart city means flexible city as well because not only
stakeholders of the city play an important role in administration process, but also the
well adaptation of people to the implementation phase of smart cities is quite important
at least as far as the first one. Locals can contribute to the city management via their
feedbacks through smart applications. So, it will bring about a synthesis composed by
users who direct the course of development and stakeholders who have the mission to

improve it in the light of incoming feedbacks.



2.1 Why A City Must Be Smart?

Being crowded of the world’s cities is triggered numerous problems that have negative
impacts on human life. Not only human life, but also this circumstance has serious
impacts on natural life cycle. The crowded human population means the increase of
waste materials, the critical fluctuation of natural environment sustainability, the big
danger for ecology, more emitting of greenhouse gases from human-made structures
and accordingly the inevitable case called the climate change, melting of glaciers and
because of that, going up the sea level all around the world. Such horrific scenarios are
being shown in many science-fiction movies, however; according to scientists today,

these kinds of situations are not that far for real life as well.

Besides, the rapid population growth decreases the quality of citizen’s life in terms of
social and economic perspective. The intense and jammed life conditions make people
to live more depressively. It falls down the energy of people and productivity in return
that. Moreover, the city that has over population becomes ponderous through losing
its flexibility. Therefore, a ponderous city loses the competitive power and the
capability of adopting novel techniques and innovative methods in the light of the

technologic developments.

The city administrators can not hinder the increase of population and problems rising
because of that, but can manage them logically without harming the natural tissue of
the city. Thanks to improvements that will be done to make the city smart, the city life
will have the harmony and strong relationship between the city managers and the

citizens.

Furthermore, one of the main principles of being a smart city is to advocate the natural
environment. A city should not be disconnected from the nature. Green tissue is the
natural ventilation system which protect the city to be exposed to high-level air
pollution. It has been mentioned about the smart city as the sustainable city, the green
city, the eco-city or the low carbon city in the literature (Fu and Zhang, 2017).

With the modernization of the world and substantially shifting the population from
rural to urban regions, the cities have become the new control center of countries.
Today, modern cities constitutes the fundamental economic resource of countries in
21th century. When taking into consideration this remarkable reality, the management

of modern cities regarding to basic rules of the smart city concept and also the



transformation of these cities as far as possible into the smart form which will make
easy the life for citizens, besides remove the burden on citizens resulting from the
complicated urban environment come up as the most important priorities for the policy
makers and the other officials who are responsible for the city management. In this
regard, the internet and communication technology (ICT) is the core element
(Dobrilovig, 2018). The internet and communication technologies that connect
different apparatuses that assist to make the city smart have the great importance
toward the achievement of smart solutions. The smart solutions are going to be the

leverage in order that cities have the identification of “smart city”.

2.2 Which Aspects Make A City Smart?

According to definitions about what the smart city is in the literature, the most common
point is that it is the city which makes preparation and planning in the direction of the
future, analyzes the usable raw material associated with any service area in needs of it
and produces new solutions by using the technology for performing necessary duties

in the direction of a better urbanization.

To apply an appropriate smart model, it is needed to disclose aspects that will make
the city smart. There are different approaches about what the smart city characteristics
are. The most preferred methodology which was submitted by the European Union
(EU) is Smart Cities Wheel (SCW) that has been proposed by Cohen in 2012.

According to Cohen’s methodology, the smart city model is composed of six core

constituents, as it is seen in the Figure 2.2.

‘\I Smart Clities I

Figure 2.2 : Smart cities characteristics (Kumar and Jailia, 2018).




According to Caragliu et al. (2009), “a city iS smart when investments in human and
social capital and traditional (transport) and modern (ICT) communication
infrastructure fuel sustainable economic growth and high quality of life, with a wise
management of natural resources, through participatory governance” (p. 50). Smart
city characteristics (the six indicators) is based on the definition above. These six
indicators must be elaborated to develop the best smart city model. Each indicator must
be reciprocally scrutinized by researchers and stakeholders. The key factors of each
indicator must be determined and tested in suitable testbeds. The Table 2.1 points out

the fundamental smart city characteristics.

Smart economy consists of e-business, productivity growth by using ICT, advanced
manufacturing and providing systems, smart clustering and the laboratories serving
with business ecosystems. Smart economy is targeted to constitute the network of
organizations which contains customers, distributors, suppliers, government agencies,

competitors working in a collaborative approach.

The purpose of smart people is to create a complementary society model adopting the
creativity and innovation by being improved ICT use and production skills of people.
The smart city management agencies can carry out the city’s services better through
the feedbacks of community, playing an active role in management of the city and

sharing their experiences about different smart applications.

Table 2.1 : Smart cities characteristics (Kumar and Jailia, 2018).

Smart Economy Innovation of Spririt

Productivity

Cooperation Between Private and Public Sector
Entrepreneurship

Economic Images

Economic Trades

Smart People People with Professional Techniques
Flexibility

Qualification Level

Affection of Lifelong Learning
Intelligent Governance

Smart Living Facilities in Education

Health Condition

Social Cohesion

Medical Service




Table 2.1 (Continue) : Smart cities characteristics (Kumar and Jailia, 2018)

Smart Governance 24/7 Emergency System

Digital Infrastructure
Monitoring in Urban

Services for Public and Social
Smart Mobility Travelling Options

Resources for ICT Infrastructure
Safety in Transport
Accessibility

Smart Environment Management of Sustainable Resources
Environment Protection

Air Pollution

Consumption in Energy

In smart living, it is aimed to make the citizen’s life more comfortable and to prepare
more healthy and safe living space for them in the city by being benefitted from ICT

opportunities.

Smart governance is predicated the governance constitution which has the
transparency of the public administration, the participative decision-making
mechanism and the communication based on ICT between the stakeholders at different
scales. Moreover, the sharing of data generated by public in accordance with the open
data policies for all stakeholders without any charge and restriction is so important for
both the transparency of the public administration and providing services and products

which have high quality.

Smart mobility means transportation systems integrated with ICT in general. The most
important priority in this context is to conserve the environment and to procure
complementary transport solutions for disabled people. Furthermore, generating and
sharing of real-time traffic data with passengers, drivers and operators are another

critical matter associated with this aspect.

Smart environment is covered improvements about the renewable energy, smart
networks, micro networks, smart meters, advanced air pollution monitoring systems,
green buildings, eco-friendly city planning, smart street lights with energy
conservation, solid waste management, smart water management and drainage

systems.
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3. SMART CITY IT ARCHITECTURE MODELS

Smart city models are comprehensive systems that have a lot of different service
capabilities regarding the enhancement of city performance to offer a better life for
citizens. A smart model that has been formed by combining with different tools,
algorithms, applications and sub-systems that are in capable of the data storage, the
information retrieval, networking, communication as a homogenous synthesis must
have a definite organization and working mechanism. This case has a great importance
in handling with the problems which cities encounter due to the rapid urbanization and
the acute population growth. To conceive a consistent and functional smart model, one
of the first steps that has to be taken is the determination of system architecture. The
system architecture deployment can be stated as the set-up of ICT that contains all
devices for the execution of public services and the seamless connectivity between
them in the expected way. ICT infrastructure is enabled to improve the quality of life,
efficiency of urban services, operations and competitiveness through making sure that
the needs of present and future generations converge on a common point (Booch,
2010). The true architecture model is enabled diverse essential features such as
flexibility, operability, innovativeness, easy-understandability, consistency, business
plan and more to the smart model. There are different proposals associated with the

smart city architectures in the literature.

3.1 Service-Oriented Architecture

According to the statement of Bawary and Shamsi (2015), “a service-oriented
architecture (SOA)-based model, is used to transform data and perform analysis” (p.
247). This architecture model is adopted to meet some certain requirements of urban
areas based on the service platform offered by agencies. The origin of service-oriented
architecture is expressed as the Integrated Factory Information Network (INFINET)
that was proposed in the early 1980. The INFINET was emerged as a solution to
describe an architecture that had the ability permitting monolithic automation islands

11



which could be divided into smaller, discrete, remotely accessible functions. It
contains basically three layers called as application layer, support layer and service
layer. The service layer has an infrastructure, that has been formed by software and
hardware components, playing a key role for the city services. The Figure 3.1
represents INFINET Platform.

Note: Server software may be co-located within one 1A server
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Figure 3.1 : INFINET platform (Concept USA, 2007).

There is a high similarity between the modern INFINET and SOA. Typical approach
to SOA is that it promotes the interconnectivity between city services. In this regard,
it is thought that SOA may be an efficient solution way to eliminate problems about

the service organization and benefitting effectively from urban services.

On the other hand, service-oriented system provides a standard framework in which
city services are developed, implemented and managed in order to increase the agility
of the IT processes for rapid business change outcomes (Hashemi et al., 2013). By a
better understanding of the geographic sciences and value of the geospatial data in
urban planning to promote cities have been main contributors to which service-
oriented architecture has become more important in the science environment. The

Figure 3.2 presents the service-oriented architecture framework levels.

There are various service-oriented architecture models proposed. One of the
mentioned models has been presented by Rolim et al. in 2014 with the name of

12



UrboSenti. It is a seminal approach to ubiquitous service-oriented architecture urban
sensing that includes data collection services and assistance in sensing application
development. UrboSent may be taken into consideration as different from other urban
sensing models by the aspect what it may use diverse data detected from multi-sources

and incorporates social and traditional sensing (Elhoseny et al., 2016).

4. City Content: Best Practices & Policy Examples

Utiites ~ Transportation ~ Real Estate  City Services

3. City Components

2. City Indicators (appropriate and matching)

1. City Objectives: Social, Environmental, Economic

Figure 3.2 : Service-oriented architecture framework levels (Falconer and Mitchell,
2012).

In addition, there is another service-oriented architecture platform that has been
developed related to a visualization of 3D city model by Prandi et al. in 2014. The
model has advantageous situation in order that 3D models have high importance for
urban spatial data infrastructures. The Figure 3.3 on the following page indicates the

developed SOA conceptual schema for 3D visualization in smart city platform.

The advantages of the model are that being scalable, interoperable and provisional for
several service-oriented functionalities. Furthermore, the model can be generated
improvement outcomes. It has been accepted that the model was adaptable to possible
changes in the future. However, the limited accessibility to semantics of the city model
and the magnitude of interactive capacities of city management functions are emerged

as remarkable negative sides of the model.

The definite goals of service-oriented architecture are to upgrade IT coordinated with
business, improvement of the interaction between organizations, flexibility of IT to
respond to on-going changes in business, standardization and integration of platforms
and IT substructures, flexibility of software components and improvement the level of
reuse (Hashemi et al., 2013).
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Figure 3.3 : SOA in the smart city platform for 3D visualization (Prandi et al.,
2014).

According to the idea of Elhoseny et al (2016), “the ideal SOA framework should
support the capabilities that are needed to integrate and to effectively manage the city’s
resources and is easily modifiable in light of the changing urban landscapes along with
the rapid evolution of technology” (p. 80). The framework must have IT flexibility to
meet altering needs of the city and to overcome ongoing business challenges at the
same time. The SOA framework should be respectively consisted of five layers to
solve problems corresponding the system organization and continuous changes
because of the rapid urban growth; user-oriented services layer, application-oriented
layer, security service layer, data services layer and information infrastructure layer

for urban systems (Elhoseny et al., 2016).

By the proposed SOA framework is aimed to succeed the creation of a basis for the
management of city infrastructure components by extending the interoperability
between system units via exploiting GIS platform. Other targets expected with the
framework are the continuous monitoring of urban systems in which are utility,
irrigation, communications and sewage networks. The achievement of targets will
provide a broad city representation that covers all needs of city management agencies
to be able to make better decisions for city evaluation. The Figure 3.4 exhibits layers

of the proposed SOA framework for smart city concept.

Data layer is responsible for data storage, data management, data quality, data
movements and the allowance of building reusable data services that can contribute to

the orchestration of business processes. Stored data is distributed to certain
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communication channels that are controlled by human actors. The communication in
integration layer designed as an Enterprise Service Bus is performed via machine-to-
machine communication (M2M). Despite systems have particular assignments
associated with different areas, they are constituted a network that all units connected
with each other. Management of business processes, protocols and programming logic
are performed in application layer which acts as a business process registry. Finally,
presentation layer is assigned to host human task mediations by working as a business

service registry on condition that interactions between services are identified.
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Figure 3.4 : The proposed SOA framework for the smart city concept (Elhoseny et
al., 2016).

The implementation stage of proposed framework has been aimed the development of
a suitable size for smart city projects by using a bottom-up approach (Elhoseny et. al,
2016). The Figure 3.5 depicts the bottom-up approach for smart city framework.

Processors v ____ a Evolved
- System
:
= v
E Outevmes Simple Enabling = |aassive
Rules Leadership g
N T wor selse: e SONINN W W 5
4 =
- OULEONED Complex Emergent Self L &rglﬁéﬁg ;§
=) Behaviors Vernacular Organizing
s 1 i
=
=

Processors v ey -
L - N
&
[
{

Figure 3.5 : The bottom-up Smart city framework (Elhoseny et al., 2016).
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3.2 Named Data Networking Architecture (NDN)

Piro et al. (2014) has been expressed that “it is based on a data-centric approach: all
contents are identified by a unique name, allowing users to retrieve information
without having any awareness about the physical location of servers (e.g., IP address)”
(p. 12). One of NDN’s targets is receiver-driven communications on the ground of the
exchange of content chunks, name based routing and self-certifying packets (Piro et
al., 2014).

A named data networking system can be set up in two ways in which are adoption of
a clean-state approach or consideration of an overlay layer. The building way in the
first case is that whole system must be created again from the origin phase. It must be
given an attention on connecting the NDN architecture straightly to the lower
technologic layer. The second building way is to consider a feasible solution that
enables to quickly design, experiment and deploy the addressed architecture type on
top of the existing internet structure. The architecture has to be consisted of two layers,
that are strategy layer and security layer, in order to actualize the conditions of protocol
suite. Strategy layer is in charge of disseminating messages via the network. As for,

security layer is handled all security aspects.

The driver that is efficient upon NDN communications is consumer of data. Interests
and data are two kinds of messages that are exchanged. When a user demands a content
about an interest, the system is directed the user toward the nodes which have the

information needed. The nodes are activated to reply with data packets.

Identification of each content is determined with a unique content name. NDN
architecture is described by a hierarchical structure for names. System has a name tree
that serves in the direction of this. There are several components creating the
hierarchical name structure. Each of them has been made by a number of arbitrary
octets. This provides to be defined sub-trees in the name space by name prefixes. On
the other hand, an interest packet can reveal the entire name of content or its prefix.
Therefore, it is taken place an access to the whole collection of elements under that
prefix (Piro et al., 2014). An example of name tree structure can be seen in figure 3.6
on the next page. Routing and distributed caching mechanisms are other two new
aspects that constitute the behavior character of NDN architecture. Strategy layer is

performed routing operations only for interest packet.

16



NDN nodes must have three structures to perform effectively main functions of NDN
system (Piro et al., 2014). These are the content store, the forwarding information base
and the pending interest table. The content store is a memory cache method working
in accordance with different replacement policies such as Least Recently Used, Least
Frequently Used or Random. This is applicable where some received contents can be
stored. The forwarding information base is ensured being able to be forwarded of
interest packets to many potential required data sources. The pending interest table is
supplied to be kept track of interest packets that previously forwarded upstream to
content sources. This keeps safe the information about arrival faces. Besides, it enables
proper deliver of backward data packets to the right requesters. The Figure 3.7 on the

top of page 18 displays the NDN functionalities.
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Figure 3.6 : The example of name tree structure (Piro et al., 2014).
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Figure 3.7 : The demonstration of NDN functionalities (Piro et al., 2014).

Depending the study on the establishment of NDN architecture for smart city by Piro

et al. (2014), “the service platform proposed in this work is built on two level: the

service layer and the technology layer, both interacting through NDN interface” (p.

15). The Figure 3.8 briefly shows NDN-oriented service platform.
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Figure 3.8 : The NDN-oriented service platform (Piro et al., 2014).

A user may benefit from the given service platform in a ubiquitous manner via a device

that makes a connection with the world by using specific wireless technology. It has

been also considered the software which can be adaptable with devices produced for

users and can be properly developed on the basis of emerged new cases related to city.
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Satisfying all expected tasks for each service execution phase is known as the most
important goal of the software introduced. The user may reach to the service list by
utilizing the graphical NDN interface in order to select one according to what he/she

is interested to.

3.3 Zone-Level Architecture

Zone level architecture is offered four layers for the smart city establishment. The
fundamental layer is ICT infrastructure that assures the connectivity between various
smart devices through a high-speed wire or a wireless technology. Besides, it is
consisted of high-end data centers, sensors, actuators, physical space enrichment with
smart devices and more (Bawany and Shamsi, 2015). The second one is e-governance
layer. It is provided the enhancement of strategic connections between diverse
departments of public sector organizations. Formulating of policies, regulations and
legislations for a better governance performance and in this way, offering useful,
potential opportunities for citizens are important works which are executed within the
scope of the layer. Third layer is smart services regulated in accordance with rules
specified in e-governance layer, and utilized ICT infrastructure as a technologic base.
The top layer is composed of stakeholders that have different sensitive roles in
performing smart functions. The Figure 3.9 exhibits the summary of aforementioned

terms.
Stake
~
Citizens, Government holders
officials, Operators :> =
Wy,

Energy Management,
Health care, Water and
Waste Management

Sensors, Network,
Storage

ALl LUVINS

Figure 3.9 : The smart city layers of zone-level architecture (Bawany and Shamsi,
2015).
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Zone level architecture model is concentrated on seamless information sharing to
ensure both across departments and between data services and other interested parties

through open data model.

On the other hand, it is aimed according to the proposed architecture model to manage
city activities with the help of a system composed of different sub-systems. These
autonomous sub-systems are units of Central Data Management System (CDMS)
which has wholly a compact structure integrated and interconnected with all sub-
systems. CDMS supplying cross domain services to citizens is allowed to each sub-
system to share their data on itself. All the information sending from sub-systems are
integrated in CDMS. CDMS can be processed this information and data at its disposal
for the progression on the way of making a better decision in real-time. The Figure

3.10 shows the overview of relevant architecture.
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Figure 3.10 : Holistic view of zone-level architecture model (Bawany and Shamsi,
2015).
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Each sub-system is gathered data from different zones of the city. Each zone is
responsible for own data center cloud at site level. Sub-systems have connections with
different sites throughout the city and the data pertained to these sites is stored in local
clouds. The dividing into zones of the city is facilitated the administration cycle and
the process of making a better decision about requirements of urban areas. This may

lead to proper emergency action at zonal level, for example, in a disaster scenario.
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Each autonomous system in utility zonal sites is contained a local data center, wireless
sensor and network infrastructure, technology and facility-related components. Zonal
site is represented an environment that is capable of processing, networking, storage,
management of data within a zone. There are some connections between these zonal
sites thanks to web services for providing cross zone services to citizens. The operation

schema of zone-based architecture has been represented in the Figure 3.11.
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Figure 3.11 : The zone-based view of the proposed architecture (Bawany and
Shamsi, 2015).

3.4 Conceptual Enterprise Architecture

The architecture type has been proposed in the light of an important questionnaire that
includes different basic domains related to smart cities in 2014. The questions are
based on architectural relative questions, data sources, smart city management-
organization-funding, smart city management-critical issues-milestones, smart city
management-project mission and objectives (Kakarontzas et al., 2014). The aim of
guestionnaire conducted is to determine primary drivers of smart city systems and
general patterns of smart city architectures. Interoperability, usability, availability,
recoverability, confidentiality and authentication-authorization has been determined
as core drivers of smart systems (Kakarontzas et al., 2014). The proposed architectural
model does not comprise a detailed approach that captures all specific functions

concerning with different cases, but it presents a general approach that can be a
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guideline for forward-looking studies and applications. It has been benefitted from the
Pattern-Driven Architectural Partitioning (PDAP) put forward by Harrison and
Avgeriou in 2007. The Figure 3.12 indicates the conceptual representation of the

Pattern-Driven Architectural Partitioning.
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Figure 3.12 : The pattern-driven architectural partitioning (Harrison and Avgerious,
2007).

The proposed architecture has applications hosted in host organizations and separate
integration server to be used in the municipality infrastructure or in any main

organization that plays a key role in smart projects.

When it comes to the implementation of abovementioned main drivers of smart
systems in the proposed architecture, interoperability is supported by being provided
a Web Service interface in the business logic layer. This layer runs in the application
server. Usability is applied by being allowed for an access from available various
channels consisting of browsers and mobile devices. Besides; authentication,
authorization and confidentiality are accomplished with the aid of application’s and

web server’s mechanisms provided. Availability and recoverability are upgraded via
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the smart city integration host that benefits from the messaging technique to collect
data from different applications. As a conclusion, maintainability for a single
application is implemented by means of layered architectural style. This architectural
style has a great advantage in this aspect (Kakanrontzas et al., 2014). The conceptual

enterprise architecture framework has been depicted in the Figure 3.13.
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Figure 3.13 : The conceptual enterprise architecture framework (Kakarontzas et al.,
2014).

3.5 Hybrid Cloud Architecture Model

Hybrid cloud architecture has been designed for emergency case management in urban
sites. As considering the one of state-of-art products in IT environment, this
architecture type is aimed the best localization by using deployed connected devices
like sensors and other kinds of devices across urban areas and the quickest interference
for evacuation to decrease loss of life as much as possible. The important matter is the
rapid detection of crisis event site, because a crisis event may simultaneously take
place in several territories of the city, otherwise two or more crisis events may take
place in a particular territory. However, the interconnected structure of classical smart
systems may cause single or multiple failure(s) owing to the impact of disaster over
deployed smart systems. To cope with this critical issue, the computing infrastructure

related to designed architecture must has supportive functions for service continuity

23



during the crisis management, consisting of the store, retrieve and run-time processing
of radio maps required by the positioning framework. Moreover, it must be flexible
and elastic structure to execute emergency operations needed and also must ensure the
fast recovery against drawbacks that may occur in mobile sensing devices or
command/control nodes in crisis event site (Palmieri et al., 2016). The Figure 3.14

demonstrates the layered hybrid cloud architecture.
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Figure 3.14 : The layered hybrid cloud architecture (Palmieri et al., 2016).

The proposed architecture has been modelled on the basis of layered framework
offered by NIST and by being used standard nomenclature (Palmieri at al., 2016). It
comprises of three service layers following as laaS (Infrastructure as a Service), PaaS
(Platform as a Service) and SaaS (Software as a Service). Each of them has special

goals.

The lowest layer combines private/public computing and storage resources. It is
accountable for the harmonization of coexistence of hybrid resources in a secure and
transparent environment. This case is provided via LAN extensions compatible with
both private and public transport networks. The middle layer assures all special run-
time operations for emergency/crisis events. It is formed by a group of various
environments to manage legacy run-time frameworks. There are MEOC and CEOC

platforms in this layer. MEOC platform is the system dynamically installed over
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mobile nodes allowing adequate storage and processing resources. Additionally,
CEOC platform is the system allowing to manage databases, large storage and high-
level analytics facilities and also other segments of the system working within a
centralized manner. Besides, there is an Emergency Orchestrator that is main control
center allowing all configurations and monitoring transactions related to entire crisis
management system. Ultimately, the highest layer supplies the legacy software that is

necessary to setup MEOC and CEOC services.

3.6 Fog Supported Smart City Network Architecture (FOCAN)

As it is known, the smart city paradigm is a holistic system comprising of
heterogeneous technologic components to be enabled well-distributed service
alongside the urban environment. One of those technologic components is Fog
Computing (FC). It is targeted to substantially diminish the latency and energy
consumption of Internet of Everything (IoE) apparatuses operating different
applications. The primary matter which comes FC paradigm into prominence in the
smart city coverage is its spreading of communication and computing resources via
wired or wireless access networks to supply resource augmentation for wired or
wireless devices which have constraints in terms of resource and energy. Processing
and storage of big data originated from IoE are principal problems that can be come
across in smart city studies. Even though the cloud computing seems as a permanent
solution regarding these bottlenecks, some inherit problems such as the delay and
latency occurred because of the transferring of a massive amount of data between
smart sub-systems are resulted in serious borders against achieving high quality smart
services. In this direction, the fundamental element of FC, is called Fog Node (FN),
eases the performing of 10T applications. Fog Node can be simply considered as an
interface layer between end users/end devices and long-distance cloud data centers so
as to procure mobility support, locational awareness, geo-distribution and low latency

needs for 10T applications (Naranjo et al., 2019).

FOCAN is a multi-tier architecture type utilized the capabilities of Fog Node. It
minimizes energy consumption and delays by abstaining from transferring huge
amount of data or using data resources that are too far from the Fog Code by being
selected the closest one to the end-users. According to this architecture type, it has

been developed a Fog Code supported resource allocation including device-to-device,
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device-to-FN and FN-to-FN components. The most remarkable aspect of this
architecture framework is the utilization of resources closer to the end users. The
technique used by FOCAN to provide low-latency and high-quality computing
services is so vital since, elimination of these adverse factors is added extra quality to
urban life and besides is provided the enhancement in effectiveness of smart services.
FOCAN is formed by two tiers which are called as the I0E tier and the FN tier (Naranjo
et al., 2019). The IoE tier gives the opportunity to end users that can apply any
application anytime, anywhere out of limitations. The clustering based on device
locations is an essential need to preserve basic I0E function. The service of the IoE
applications is able to be utilized with tolerable latency and throughput provided the
IoE makes a dynamic connection between heterogeneous hardware and software
services whereby using of the IoE tier. When it comes to the objective of FN tier, each
FN is acted as a small-sized virtualized networked data center which allows the
installation of Fog services in accordance with different types of hardware with fixed
hardware resources that are able to be connected by various network technologies,
configured, combined and abstracted in the way of operating as a single logical entity.
The FN tier is structurally consisted of a local database which can store applications
not actively used in its memory. In addition, this layer benefits from several retrieval
policies for accessing the data in its coverage to reduce processing time of loT
applications. Finally, it can be also specified that the FN tier has been devised as being
capable of implementing social 10T applications. This means that FN can optimize IoE
deployment, bandwidth, reliability, security in I0E networks and improving latency.
The Figure 3.15 represents the deployment of Fog supported smart city architecture.
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Figure 3.15 : The deployment of Fog supported smart city architecture (Naranjo et
al., 2019).
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3.7 Data Driven Reference Architecture

This architecture type has been proposed by being basically taken into account the
multiple view modelling offered by Kruchten in 1995. The multiple view modelling is
a software architecture model comprised of five main views that are milestones for
this approach. These are the logical view, the process view, the physical view, the
development view and selected scenarios as the fifth view. The logical view represents
the object model of the design under the condition that the selected design method is
object-oriented design method. The process view covers concurrency and
synchronization features of the design. The physical view means the mapping of the
software upon the hardware. This view shows distributed aspect of the software. The
development view defines the static organization of the software in its development
environment. The architecture utilized for making a decision is taken shape around
abovementioned four key view. In following, the blueprint demonstrated in the light
of four views is illustrated, as the fifth view, to create a scenario or a use case. The

schema of multiple view modelling is illustrated in the Figure 3.16.
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Figure 3.16 : The 4+1 multiple view modelling schema (Kruchten, 1995).

Data driven reference architecture is formed by nine software-defined views and
modelling elements. Each element is referred an iterative initiative of smart city model
building. The software-defined views contain capability view, participation view,
place view, service view, data view, application view, infrastructure view, business
process view and finally analytics view. As a first one, capability view expresses the
abstraction that represents all capabilities assured by the modelled smart city system.
Participation view indicates the stakeholder group that has objectives in building and

recovering of smart systems. Citizens, policy makers or businesses can take part in this
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group. Place view includes place models, buildings, hospitals, municipalities and etc.
Service view is used to model specific services with details in the smart city coverage.
Data view is focused to model any type of data required for smart city applications.
Application view can be designed various beneficial apps such as individual
applications, system components, enterprise systems or any computation unit offered
effectiveness needed by smart services. Infrastructure view investigates basic physical
components that underpin the building of smart city environment. Additionally,
business process view is scrutinized the modelling of which corresponding
independent business flows need to be orchestrated as a whole, in accordance with the
create of a consistent smart city environment. Ultimately, analytics view is associated
with the analytics modelling that has influential role over decision-making phase to
make better and forward-looking plans regarding smart city phenomena. The Figure
3.17 shows multiple view structure of data driven reference architecture.
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Figure 3.17 : The multiple view structure of data driven reference architecture
(Matar and Davies, 2017).
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3.8 Distributed Blockchain Based Vehicular Network Architecture

As it is known, transportation is one of important issues of smart city concept. The
increase of vehicle number and demanding conditions resulting from extreme traffic
congestion in urban areas has been turned into the compulsory matter needed to be
solved in terms of smart services. In this regard, there are several network models and
computing techniques proposed to facilitate transport cases for drivers. One of them is
ad hoc network for vehicles. It is a core network technology to offer comfort and
security to drivers in crowded vehicle environment. Distributed blockchain based
vehicular network (Block-VN) architecture combines ad hoc network and blockchain
technology that is broadly known as really important disruptive technology has been
invented in recent years. It has great potential to enable rapid development and trigger
a new revolution in smart transportation projects engaged in smart city concept.
Blockchain is capable of building an intelligent, distributed, autonomous and secure
transport system. It is procured the effectiveness in crowdsourcing technology and also
a better exploitation from infrastructures and resources of intelligent transport systems.
The advantages of blockchain technique can be respectively specified; transparency,
no risk of fraud, low or no exchange cost, transactions almost instantaneous, network

security, financial data assurance and financial access (Sharma et al., 2017).

e All exchanges of blockchain network can be clearly seemed as total, verifiable
and without obfuscation in blockchain environment and this means
transparency.

e Any sending or deleting transaction in blockchain cannot be cancelled by the
corresponding actor. Thus, the risk of fraud is entirely terminated.

e The blockchain network organization is sponsored by the procedure of the
treasury. Because of this reason, the system can be required low or no exchange
fee. Furthermore, it is not demanded any cost for access.

e Exchanges in blockchain system is quickly registered. The processes of
affirmation and compensations based on exchanges can be performed in the
time interval up to 60 minutes.

e Blockchain network system is used specific security techniques against
cyberattacks. These are cryptographic and decentralized blockchain
conventions. They are also limited the vulnerability of the blockchain network

owing to downtime and piracy.
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e Transactions in blockchain network can be executed by abstaining from the
disclosure them to beneficiary sensitive users and restricting the representation
of financial data to restrain using of this data with the purpose of piracy.

e Blockchain network presents incentive storage and payment services for

customers who demand to get traditional financial services.

Block-VN can be evaluated as a secure and reliable architecture so as to build
intelligent transport system thanks to an operation style in distributed attitude. The

Figure 3.18 illustrates the operation schema of Block-VN architecture.

Figure 3.18 : The Block-VN architecture operation schema (Sharma et al., 2017).

In this model, the controller nodes are in connection with each other in a distributed
way to supply necessary services on large scale. The vehicle nodes that are in red
circles refers minor nodes which organize request/response requests. Other all vehicle
nodes show ordinary nodes. An ordinary node is able to deliver a service request
message both to minor nodes and controller codes. The using of minor and controller
nodes in distributed way allows to effortlessly accomplish the scalability and high
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availability of the vehicle network. In addition, it must be also considered that Block-
VN is a contributor system in improving vehicle network architecture by means of
consumer-to-machine and machine-to-machine trusted intermediary free services and
so, with the aid of distributed, secure and shared records of all services, inventories

and assets.

In the working mechanism of Block-VN model; when a new issued vehicle is
registered, the department of motor vehicles conveys all details to the revocation
authority. This unit has an authority to determine which vehicle is convenient to be
minor node out of controller nodes. The revocation authority allows to deliver all
information about minor and ordinary nodes to the distributed blockchain vehicle
network. Whole controller nodes consist of a hash, a timestamp, a nonce and a Merkle
root to withhold the entire information needed to operate the necessary services.
Controller nodes are worked at independent levels to compute and process the data
and to transmit it to other nodes in a distributed way. All communications within the
scope of Block-VN system are administrated by being used the public private key
encryption technique to enable the security of private client data (Sharma et al., 2017).
It is available to see the structure of Block-VVN model architecture in the sense of the
deployment of nodes infrastructure in the Figure 3.19.
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Figure 3.19 : The deployment of nodes infrastructure in Block-VN model (Sharma
etal., 2017).
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3.9 Blockchain Based Hybrid Network Architecture

It has been addressed about the blockchain technology in previous chapter. This novel
architecture type is utilized the merits of blockchain technique as well. As it is widely
known, smart city is the concept based on autonomous and distributed infrastructure
across huge urban areas that comprises of processing and control systems, intelligent
information driven the course of urban events, heterogeneous network infrastructures
and ubiquitous sensing mechanism consisted of scores of data sources. According to
the structure of smart city concept addressed, there are several bottlenecks resulting
from continued growth of data volume and high number of interconnected IoT devices.
Up-to-date issues come across in smart city network architectures can be expressed as
high latency, bandwidth problems, security- privacy and finally scalability. The
corresponding architecture has been developed with the purpose of designing an
efficient, scalable and secure distributed architecture by converging storage and
computational resources with endpoints (Sharma and Park, 2018). It is consolidated
by advantageous of Software Defined Networking (SDN) and blockchain technology
mainstream emerged in recent years. It is exhibited the characteristics of both
centralized and distributed network architectures. The overview of blockchain based
hybrid network architecture has been presented in the Figure 3.20.
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Figure 3.20 : The overview of blockchain based hybrid network architecture
(Sharma and Park, 2018).
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SDN can be defined as a network management technique ensuring dynamic and
programmatically effective network configuration so as to enhance network
performance and monitoring thanks to using more cloud computing technology than

traditional network management techniques (Url-1).

Blockchain based hybrid network architecture is formed by the core network and the
edge network, which benefit from blockchain technique. The core network includes
minor nodes that have high computation and storage resources. Contrary to the core
network, the edge network has the edge nodes which have limited storage and
computation power. Minor nodes in the core network are accountable for creating
blocks and proof-of-work. All of them are supported by SDN controller in order to
accomplish high security and agility, to diminish hardware management cost and to
offer an ease of installation in the smart city network infrastructure. On the other hand,
each edge node works in centralized service manner for specific public infrastructure
to assure essential services and efficient localizations. Access policies and the
credentials related to its locally entities in databases are stored in edge nodes.
Moreover, they are contributed to the achievement of low latency and reduced network
bandwidth. The distributed nature of this architecture is allowed that the system
becomes more durable and to decrease the impact of attacks even if the working
mechanism of edge node is impaired. This means that the adverse impact on network

system is restrained into a local area so as to prevent a large-scaled system crippling.

When it comes to the workflow of this architecture model, edge nodes are applied real-
time processing with low latency and network bandwidth usages. Additionally, they
preprocess the raw data supplied by end devices with the intent of filtering data to
extract meaningful information. If it is necessary, after the preprocessing, the
encrypted data is swiftly transferred to the core network of smart city by edge nodes.
The minor nodes in the core network are capable of making advanced analysis using
pre-processed data in the direction of making a decision, generating blocks, validating
and verifying PoW that is core component for blockchains and cryptocurrencies. These
two techniques offer large public distributed ledgers with their resolving abilities the
difficulty of quantifying and managing intricate mathematical computations in a
correct manner. The integrity of data in the core network is catered by being used of
digital signature and stored hashes in blockchain. The hash is a function converting an

input in the forms of letter or number into an encrypted output in fixed length (Url-2).
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It is the backbone of blockchain management in cryptocurrency. These hashes in
blockchain are stable for procuring the integrity of data. The Figure 3.21 displays the

workflow of blockchain based hybrid network architecture.
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Figure 3.21 : The workflow of blockchain based hybrid network architecture
(Sharma and Park, 2018).

3.10 Generic Multi-Tier ICT Architecture

The generic multi-tier ICT architecture model has been envisaged by being taken into
consideration the categorization of smart city components following as soft
infrastructure (knowledge, people, communities), hard infrastructure (waste, energy,
water), ICT-based innovative solutions (both hardware and software solutions), other
innovative solutions beyond the ICT (smart materials, recycling system, open spaces,
organizational innovations in government etc.) and natural environment (rivers, lakes,
ground, forests, flora, mountains etc.). Furthermore, United Nations Habitat (UN-
Habitat) key-performance indicators (KPIs) have been taken into account as other
main drivers for the architecture designation. These indicators are the information and
communication technology, environmental sustainability, productivity, quality of life,
equity-social inclusion and hard infrastructure (ITU-T Focus Group on Smart
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Sustainable Cities, 2014). The schema of corresponding indicators has been

demonstrated in the Figure 3.22.

Equity and
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Physical

Infrastructure

Figure 3.22 : Dimensions of UN-Habitat Key-Performance Indicators for Smart

Cities (ITU-T Focus Group on Smart Sustainable Cities, 2014).

Each key-performance indicator includes various important sub-dimensions which are

cornerstones for the realization of smart city phenomena. The sub-dimensions can be

categorized according to the coverage of UN-Habitat KPIs as follows (ITU-T Focus

Group on Smart Sustainable Cities, 2014):

1. Information and Communication Technology

Network and access
Service and information platforms
Information security and privacy

Electromagnetic field

2. Environmental Sustainability

Air quality
CO2 emissions

Energy
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e Indoor pollution

e Water, soil and noise
3. Productivity

e Capital investment

e Employment

e Inflation
e Trade
e Savings

e Export-import
e Household income-consumption
e Innovation
e Knowledge economy
4. Quality of Life
e Education
e Health
e Safety-security public place
e Convenience and comfort
5. Equity and Social Inclusion
e Inequity of income-consumption
e Social and gender inequity of access to services and infrastructure
e Openness and public participation
e (Governance
6. Physical Infrastructure
¢ Infrastructure/connection to services-piped water
¢ Infrastructure/connection to services-sewage
¢ Infrastructure/connection to services-electricity
¢ Infrastructure/connection to services-waste management
¢ Infrastructure/connection to services-knowledge infrastructure
e Infrastructure/connection to services-health infrastructure
e Infrastructure/connection to services-transport
e Infrastructure/connection to services-road infrastructure

e Housing-building materials
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e Housing-living space

e Building

The overview of generic multi-tier ICT architecture that has been designed in the light
of abovementioned international urban KPIs and its sub-dimensions has been

demonstrated in the Figure 3.23.
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Figure 3.23 : The overview of generic multi-tier ICT architecture (Anthopoulos,
2015).

The generic multi-tier ICT architecture consists of five layers. The first one, which is
the top level in architectural structure, is natural environment. It encompasses all the
natural features inside borders of the urban area. The second one is hard infrastructure
(non-ICT based) that includes all necessary urban features that are man-made
(buildings, bridges, roads, energy-water-waste utilities etc.). The third layer is ICT
based hard infrastructure covers smart hardware systems provided sustainable smart
city services (supercomputers, datacenters, servers, networks, sensors, 10T etc.). The
next layer is services categorized by six dimensions of smart city concept and

orchestrated in accordance with international urban KPIs. As a final, the bottom layer
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is soft infrastructure that spans over individuals and groups sharing the urban
environment together by exploiting sustainable smart city services.

3.11 The Layered Architecture For Smart Cities

The layered architecture composes of four layers from the bottom to the top following
as: sensing layer, transmission layer, data management layer and application layer. All
layers have been designed according to sensitive data protection rules by being paid
attention to the degree of their need. The Figure 3.24 displays a general composition

of the layered architecture model.
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Figure 3.24 : The composition of layered architecture for smart cities (Silva et al.,
2018).

The main objective of sensing layer is data collection from various physical devices.
This layer includes smart devices, WSN and other kind of data capturing devices. It
has been built in the way of which it is capable of gathering all data produced in
different formats by smart devices. The sensing layer is utilized from different
techniques for more efficient data capturing in different contexts. Some data
parameters which are sensible for the sensing layer are temperature, pressure, light and
humidity. In this respects, multiple sensing equipments such as ZigBee, RFID sensors
and Bluetooth, actuators, cameras and GPS terminals are used to perform sensing
transactions with high efficiency. Besides, enlarged network capacity is catered not

only improved performance for ubiquitous accessibility and smartness, but also
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extended data collecting abilities. In fact, the evolution of city intelligence is relied on
the coverage of sensing network (Kim et al., 2012). Also, the operating of sensing
layer with various data sources and infrastructures is made compulsory that there must

be numerous interconnected devices performing in smart city platform.

The second layer toward the top is transmission layer. The fact that makes this layer
Important is its interconnective function among data sources and management stations.
Transmission layer is comprised of diverse types of wired, wireless and satellite
technologies. It can split into two groups as access transmission and network
transmission by being taken into consideration its coverage aspect. Access network
technologies that procure short-range coverage to an extent are Bluetooth, ZigBee,
NFC, M2M, RFID and Z-wave. In other respects, transmission network technologies
offering broader coverage can be expressed as 3G, 4G, LTE (Long-Term Evolution),
5G and LP-WAN (Low Power Wide Area Network) (Silva et al., 2018). On the other
hand, transmission layer may be evaluated as an intersection point of various
communication networks. Hence, the myriad devices connected to a single network

fulfils the routing by means of unique addressability.

As the third main part of layered architecture, data management layer can be taken into
account as the brain of entire system. This layer has vital objectives for performing
sustainability parameters of system such as data manipulating, organizing, storing,
analyzing and decision-making duties. This layer is directly influential over the
performance of smart city operations. The fundamental objective of data management
layer is to maintain vitality of data that encompasses specific tasks of data cleaning,
evolution, association and maintenance. Likewise, data management layer can be
divided into data fusion, data analysis, data processing, data storage and event-decision
management (Silva et al., 2018). Data fusion is the combination of data obtained from
heterogeneous sources to strengthen accuracy and to improve decision-making
mechanism by being avoided to be dependent to only few of data sources.
Improvement of data analytics is significant in terms of efficiency, real-time data
analysis and processing of data in smart city platforms. Data storing is also an
ignorable function because data analysis and processing themselves are not enough for
the enhancement of city performance from the point of city intelligence. Besides,
intelligent operations are based on event-decision management. This part of data

management layer provides to generate reasonable forward-looking decisions and
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precise predictions in the light of data attained from innumerous sensing devices
scattered across the city. It is the crucial fact that performing continuous operations of
any smart city is associated with correct decisions. Out of aforementioned tasks of data
management layer, sending of produced decisions to application layer to execute them

accordingly is the last mission.

The top and final layer is application layer working as a bridge between urban citizens
and data management layer. It is the face of smart platform interacting with citizens.
That’s why it is straightforwardly affected the viewpoint and satisfaction of users about
performance of smart services. The application layer has remarkable components
which are active on multiple domains. The most important application layer services
are community development, smart transportation, grid distribution, weather
forecasting and more like these ones (Silva et al., 2018). Application layer is the basic
contributor for the increase of city performance by using processed and stored data.
Using of shared information between smart application services is the most dominant
factor for evolution of smart cities. Since isolated applications are deprived of the
support of data sources in multiple domains and the principle of interoperability.
Application layer is performed in accordance with receiving decisions from data
management layer and is accountable for implementing them.
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4. TECHNOLOGIC FUNDAMENTALS OF SMART CITIES

The concept of smart city is spanned two essential mainstream approaches as the
technology and ICT oriented-approach and the people oriented-approach. Developed
and being developed strategies over the smart city concept are being concentrated on
the advancement of hard infrastructures and technologic aspects organizing different
city services (transportation, energy use, communication, water and waste
management, etc.). And also, strategies are scrutinized soft infrastructures and social
skills of smart city model that is assured an interaction between people and city
management agencies. In addition; participation, safety, equity, utilizing of human
capital in the direction of contribution to the city intelligence and so forth are other
fundamental characteristics within the scope of the smart city’s technology trend
(Angelidou, 2014). The first approach can be examined as monitoring all critical
infrastructures of a city, using integrated data obtained from different sources so as to
reach better results about city management, optimizing city resources for sustainable
development and maximizing city services for a better urban life. Other unignorable
matters, that will be able to be addressed in the parallel of the first approach, can be
expressed as extending the effort in creating a collaborative synergy between city
agencies, supporting innovative business models covering public and private sectors,

and planning better policies regarding city administration.

In the second approach, human is the basis element for smart city phenomena. To
design a holistic structure like a smart city model including scores of constituents to
execute various duties, a versatile standpoint is required to evaluate all factors which
have an impact on the system creation. In the light of this case, the balance between
the technology and people who will use the technology is a noteworthy cornerstone.
Because the accomplishment of city managers and produced services is associated
with satisfying participation of citizens and their constructive feedbacks about service
performances. The quick detection of deficiencies in service performances and

improvement of them are going to provide an orchestrated urban environment in terms
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of basic indicators of smart city (governance, people, environment, economy, living
and mobility) (Kitchin, 2014).

4.1 ICT Infrastructure

ICT infrastructure forms the necessary application site to develop urban management
system. It is a base framework for transactions which need to be performed for the
establishment of smart city environment. Bibri and Krogstie (2017) stated about ICT
concept that;
The concept of ICT refers to set of urban infrastructures, architectures, applications, systems
and data analytics capabilities — i.e. constellation of hardware and software instruments across
several scales connected through wireless, mobile and ad hoc networks which provide
continuous data regarding the physical, spatiotemporal, infrastructural, operational, functional
and socio-economic forms of the city (Bibri and Krogstie, 2017, p. 10).
As understood from the statement of Bibri and Krogstie about ICT system, it is a
sophisticated technologic world that organizes urban operations such as sensing,
collection, storage, coordination, integration, analysis, data processing, modelling,
manipulation, management, exchange and share of data for particular urbanization

purposes.

Besides, ICT infrastructure technically comprises of hardware and software
component in itself. Hardware components are covered sensor systems (RFID, GPS,
infrared sensors, smart devices) that ensure to gather data across the city about various
areas such as traffic, air pollution, energy, waste etc.; smartphones, computers and
terminals, wireless communication networks, database systems, telecommunication
systems, internet infrastructure, cloud computing infrastructure and middleware
architectures. On the other hand, software components can be stated as all sorts of
software supporting digital functions of hardware system, big data analytics
techniques; for example, data mining, machine learning, natural language processing
and statistical analysis; modeling and simulation methods, database integration and
management methods, visualization methods, real-time operation methods, decision
support systems, communication-networking protocols and enterprise integration
methods (Bibri and Krogstie, 2017). ICT infrastructure has a major role in cases of

smart city building, especially deployment of smart apparatuses for efficient smart
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service performance, and the development of city intelligence. The Figure 4.1 shows
the components of the ICT system.

Needed to supply the data to
the ICT system
The results from processing data
@ Information People Make judgements and decisions

The output from an ICT system from the output supplied from the
system

Raw material of any ICT system
Computer programs

Components of an ICT e which provide the step-by-step
system % Software instructions to get the
job done

Processed by the system to provide Data
the information which is the output
provided by the system

Physical components that

Determine what needs to be make up the ICT system
done and when
¥ Procedures Input devices
Passing of data or information
between different peaple
Storage
© Hardware
Processor
QOutput devices

Communication devices

Figure 4.1 : The components of the ICT system (Url-3).

Hardware part is concerned with how data can be obtained in range of different formats
and devices such as keyboards, pointing devices, cards, document readers, sensors,
data logging, speech input and video input. Moreover, the being produced way of
outputs via broad range of devices and formats is another subject that comes out within
the scope of this part.

When it comes to storage devices, it is underscored the feature descriptions of internal
memories consisting of the difference between ROM and RAM, the identification of
appropriate uses in accordance with various types of internal memory, the definition
of how data can be stored in external memory with the help of both optical and
magnetic technologies and the identification of appropriate using ways for different

external memory types.

Processor components are related to the consideration of the need for primary CPU

components that are control unit, arithmetic and logic unit and memory.
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The determination of favorable sides of networking about stand-alone computers, the
identification the crucial features of LAN and WAN, common network topologies
(ring, star, bus and bus-star composites), making brainstorming to make a better
decision about suitable uses for diverse network topologies and the description of the
function of a certain set of communication resources such as modem, router, fibre optic
cable, gateway, proxy server etc. are significant examination subjects corresponding

to communication devices.

Software part is spanned over the determination of operating system’s characteristic
aspects like single user, multi-tasking, multi-user and multi-programming systems; the
determination of features associated with batch processing and real-time transaction
processing, the description of generic software’s features (word processing,
spreadsheet, database management, desktop publishing, presentation, web authoring,
communication packages and graphics), the scrutinization of more special features
(commonly used for different tasks) regarding generic software (querying, wizards,
object linking and embedding) and compare package use types as a solution for data

processing problems.

Data part is included the evaluation on the difference between data validation and data
verification, the determination of data validation and verification techniques, the

identification of data transcription errors and different forms of data representations.

People part is shaped around smart city services. Also, ICT is put forth the condition
that citizens should take part in the decision-making phase for the service
improvement. User comments can be contributed to the innovation of new smart
systems and recovery processes about deficiencies. Outputs of ICT must be conveyed
to people for which they can comfortably live as far as possible by being dramatically

diminished time consumption, energy and resource waste.

Information is a result of the raw material processing done in order to make analysis,
interpretation about different urban cases and to improve effective solutions for

problems encountered.

Procedures are mostly concentrated on the steps that need to take in the direction of

data sharing between stakeholders and people.
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4.2 Internet of Things (IoT)

The term of Internet of Things was firstly put forward by the employees of MIT Auto
ID Center in 1999 and some studies about it were carried out in labs by using RFID
(Radio Frequency ldentification) technology. However, the term of l0T was officially
announced by the report of ITU (International Telecommunication Union) in 2005.
Internet of things is the technology which provides that different devices using in
casual life can generate data and transmit it to other devices and systems. In the light
of other definitions in the literature about what 10T is, it can be described as a system
that ensure to utilize more efficiently the services of a certain place such as safety,
healthcare or transportation via using of information technologies (Belissent, 2010).
On the other hand, 10T is defined in different way like that the capability of an object
to make connection in any place at any time (ITU, 2005). As figured out from
descriptions about 10T, this technology is used in many domains such as transport,
military, agriculture, health, etc. Using areas of this system are being increased day by
day and also, there are various technologies being used for the organization of l1oT
infrastructure. Especially, the technologies being used in communication domain have
great importance for I0T. The architectural structure of 10T is differently orchestrated
according to the aspects of preferred technologies.

In addition to the devices, which are deployed in particular areas, of communication
through wire or wireless technologies, 10T can have the advanced features by being
used additional functional services. 10T is one of the most significant elements that

makes human life smarter and more controllable.

Some kind of technologies benefitting from the communication domain within the
scope of loT are Bluetooth, ZigBee, 6LOWPAN and Wi-fi. As taking into
consideration the working structures and methods of addressed technologies, it is

demonstrated that there are different aspects (S6giit and Erdem, 2017).

IoT is assured lots of innovation to facilitate the urban life. Basic example is smart
housewares. Thanks to smart air conditioning systems, the heat arrangement in the
house can be managed through a remote control as people are not at home or getting
closer to the home. Smart detectors which attain information about weather, humidity
or traffic can report to people about possible negative cases in the city. Smart products

that are able to monitor the movements of babies or elder people may be assisted
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people in some critical situations. According to the estimation about 10T by Gartner
Inc., it was specified that active smart city market would be reached up to 9.7 billion
in 2020. It is foreseen that people will be able to conserve more energy, time and
financial resources with the help of the innovations presented by loT-oriented smart

city projects and these projects are going to be indispensable for citizens (Url-4).
The 10T is split into three parts as follows:

1. RFID technology
2. Machine-to-machine communication

3. Near field communication

RFID technology has been developed to use in wars in the midst of 20. century. It is
evaluated as an important wireless communication technology. RFID is comprised of
main three components as the reader, the tag and the antenna. The reader is a tool that
acquires information of the object thanks to tags deployed on the object in numerical
code format by using radio waves. Tags are the components that store information.
When it comes to the antenna, it is provided the communication between tags and
reader and this process is called as “coupling”. RFID technology is applicable in many
areas such as supply chains, health, library, animal husbandry, security, education
(Maragh and Cibuk, 2015). The Figure 4.2 demonstrates the working mechanism of
RFID technology.

How RFID works

RF Antenna
RFID Tag

Scanner
or Reader

Figure 4.2 : The RFID working mechanism (Johansson, 2004).

Machine-to-machine (M2M) communication is a data communication type that
contains one or more entities that do not absolutely need human interaction or
intervention in the process of communication. Machine-to-machine communication is

also called as “Machine Type Communication”. It can be carried out over mobile
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networks such as GSM-GPRS, CDMA EVDO networks. Mobile networks in machine-

to-machine communication is only served as a transport network.

The application areas of machine-to-machine communication is very large. These can
be addressed as security (surveillances, alarm systems, car/driver security, access
control), tracking-tracing (fleet management, order management, asset tracking,
navigation, traffic information, road tolling, traffic optimization/steering), payment
(vending machines, point of sales, gaming machines), health (monitoring vital signs,
supporting the aged or handicapped, remote diagnostics, Web Access Telemedicine
points), remote maintenance control (sensors, lighting, pumps, valves, vehicle
diagnostics, vending machine control, elevator control), metering (power, water, gas,
heating, industrial metering),

grid control, manufacturing (production chain

monitoring and automation), facility management (home/building/campus

automation).

Architecture of M2M communication is consisted of M2M device, M2M area network,
M2M gateway, M2M communication networks and M2M applications. M2M devices
are able to response the coming request from the data within the device and to transmit
autonomously data to target according to the process demand. Communications
devices and sensors are defined as endpoints for M2M applications. In general, devices
can be directly connected to the operating system network or they can be made
interconnection via WPAN technologies such as Bluetooth or Zig Bee. M2M area
network is ensured the communication between M2M devices and M2M gateway. The
Table 4.1 is pointed different technologies about M2M area network.

Table 4.1 : Technologies of M2M area network (Chen et al., 2012).

Standard | Area Rate (Mbit/s) fnn;;i}ne d Typical applications
SRD Personal area | <0.02 No Wireless audio, RFID
UWB Personal area | 100 No Video. files sharing
Zigbee Personal area | <0.25 Yes Sensors, monitoring
Bluetooth | Personal area | 3.00 (V2.0) Yes Music sharing

PLC Local area >4.5 No Smart power grid
M-BUS Local area <(0.0096 No Consumption meters
Wi-Fi Local area 108 (802.11g+) | No Water metering
Femtocell | Local area >7.2 No Cellular phones
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M2M gateway is the instrument that provides interconnection of M2M devices to the
communication network and working of them in inter-connected state. M2M
communication network is spanned the communication between M2M gateway and
M2M applications. M2M applications have the middleware layer in which data is
transmitted via diverse application services. It is managed through the specific
business-processing engine. In the Figure 4.3, it is available to see domains of

machine-to-machine architecture.
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Figure 4.3 : Machine-to-machine architecture domains (Chen et al., 2012).

NFC (Near Communication Field) is one of the most popular communication
technologies over the world nowadays. Especially, it has begun to be more noteworthy
along with common use of mobile phones by people. To perform this technology, two
devices that are compatible with NFC are required in very short distance (less than 4
cm). NFC is operated at 13.56 MHz. Its maximum information transmittance rate is
424 Kbits per second (Rahul et al., 2015). First device in communication is called the
initiator that is an active device and starting of communication is in charge of it. As
for second device is called the target and its mission in communication is to reply the
initiator’s requests. Target device does not have to be necessarily active. The NFC
technology is worked by way of magnetic field induction and, is used an unlicensed
radio frequency band. Furthermore, it is contained embedded energy source
component. As for the target device can be RFID card, tag or NFC device that is able

to response requests of the initiator (Strommer et al., 2006). The Figure 4.4 is depicted
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NFC technology interaction between two devices complied with NFC which are in

suitable closeness to each other.

e 5
= = N
TR~

NFC Enabled Phone

Figure 4.4 : NFC technology interaction (Rahul et al., 2015).

Other the most preferred communication technologies within the scope of 10T can be
specified as Zigbee, Bluetooth, 6LoWPAN, Wi-fi and cellular.

First of all, Zigbee is a wireless communication technology that has low power
consumption aspect and is based on IEEE 802.15.4 standard. It is named by being
inspired from sophisticated ways in zigzag shape as bees draw in the air during their
flight. Zigbee devices are carried out the energy conservation in sleep mode. Zigbee
structure comprised of four layers is also complied with different structures such as

star, point-to-point and tree network structure (Kilig et al., 2013).

As the second one, Bluetooth is a wireless communication technology standardized as
802.15.1 by IEEE. It is adopted the short-range communication as the operation basis,
aimed low cost and low power consumption. There are two ways used for data
transmittance. This technology based on radio frequency is evaluated as point-to-point

transmittance interface.

The third one is 6LoOWPAN. It is IPv6 network technology worked in accordance with
IEEE 802.15.4 standard. It covers four functions which are packet sending, packet
receiving, packet encapsulating and packet compressing. It is shown as a preferable
technology owing to its features of low power consumption and the capability of

working with micro-devices.
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The another one is Wi-fi technology. It can be expressed as the most known
communication technology when compared to others. It can be almost used in all smart
devices, computers and mobile systems. Even though its coverage area is broader than
others, including or excluding of a new device to/from network is more difficult and
this case is influenced all system. It has broad infrastructure system and this is allowed
to large scale data transfer. However, it is not so preferable in 10T structure compared
to other communication technologies because of its high energy consumption (Sogiit

and Erdem, 2017).

When it comes to the last one, cellular is being exploited from GSM (Global System
for Mobile Communications) and GPRS (General Package Radio Service) to provide
long range communication in I0T. This technology is being used in remotely
monitoring, inspecting and processing automatically of many applications. It is being
particularly preferred because of being low-cost systems. Data transfer speed of this
technology is differed in 2G, 3G and 4G options. In general, SIM cards which have

long-lived, are durable and used as embedded are being preferred for these systems.

ZigBee technology is more developed than others in terms of battery life and network
size. In comparison of data-network width, Wi-Fi technology has the best degree
whereas cellular technology has the worst performance. According to coverage areas,
the biggest coverage area is pertained to cellular technology. As examining the
frequency results; ZigBee, Wi-Fi and Bluetooth technologies seem in the similarity
compared to each other. Bluetooth can be preferred because of its cost and easy-using.
Wi-Fi is drawn the attention in terms of speed and flexibility. Cellular is exhibited the
best performance in accessibility and quality. Finally, ZigBee can be chosen by being
taken into consideration cost, durability and battery life. The Table 4.2 is revealed the
comparison of ZigBee, Cellular, Wi-Fi and Bluetooth in terms of main technical

aspects.

Table 4.2 : Comparison of ZigBee, Cellular, Wi-Fi and Bluetooth (S6giit and Erdem,

2017).
Feature ZigBee Gsm/Gprs Wifi Bluetooth
Foeus A Tracking and | Broad Area Sound and | Web, E-post, |Instead of
ocus Area Control Data Image Cable
System Resource 4-32 Kb 16 Mb + 1 Mb + 250Kb +
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Table 4.2 (Continue) : Comparison of ZigBee, Cellular, Wi-Fi and Bluetooth (Sogiit
and Erdem, 2017).

Battery Life (day) |  100-1000 + 1.7 0,5-5 1-7
Network Size (number)  Unlimited 1 32 7
Data-Network Width | 041909 + 64-128 + 11000 + 720
(kb/s)
Coverage Area (meter) 1-100 + 1000 + 1-100 + 1-10+
Frequency 2.4 Ghz 900/1800/1900/2100 Mhz|  2.4-5 Ghz 2.4 Ghz
3-10 Mbps (4G), 600
o . y 4 1 1 1
Data Transfer 250 Kbps Kbps - 10 Mbps (3G) Max 60 Mbps 1 Mbps
Durability, Cost,
Success Areas Energy Accessibility, Quality | Speed, Flexibility CG;;'.E%Y
sing

Consumption

4.3 Cloud Computing

Cloud computing is another remarkable technologic constituent for the systems like
smart city models which operates by using big data. Particularly, cloud computing has
been come into prominence as a basic notion by means of the increase of the
requirement connected with high amount of data processing, much more participation
of big data in modern life to organize mutually public and service behaviors, the
innovation of technologic products working on the basis of big data and the seeking of
more practical and low-cost data storage solutions. All these reasons aforementioned
have been triggered that cloud computing was essential element in recent years.

There are various definitions pertaining to what cloud computing is technically.
According to Mell and Grance (2011), “cloud computing is a model for enabling
ubiquitous, convenient, on-demand network access to a shared pool of configurable
computing resources that can be rapidly provisioned and released with minimal
management effort and or service provider interaction” (p. 2). The specified
configurable computing resources may be explained as networks, servers, storage,
application and services. In other words, cloud computing has been defined as “a new
style of computing in which dynamically scalable and often virtualized resources are
provided as a service over the Internet” (Furht and Escalante, 2010, p. 3). Cloud

computing is evaluated as a new and significant trend of technology that is going to
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manipulate the course of IT processes and IT market. Users may have an opportunity
by using many devices such as laptops, PDAs (Personal Digital Assistant), PCs,
smartphones in order to access data storage, different application-development
platforms or programs through the Internet and special cloud computing services
allowing to the accessibility. Noteworthy advantages of this technology are cost
saving, high availability and easy scalability. Easy scalability means the capability that
be able to readily arrange the data capacity and the computing transaction volume in

order to satisfy expected demands.

The definition of cloud computing can be defined in other way like that “a large-scale
distributed computing paradigm that is driven by economies of scale, in which a pool
of abstracted, virtualized, dynamically-scalable, managed computing power, storage,
platforms and services are delivered on demand to external customers over the
Internet” (Foster et al., 2008, p. 1). Cloud computing technology promises a broad
range of opportunities for users including programming environments, computing
cycles, storage space and software applications. Furthermore, there are some other
supplementary functionalities to make easier processes depending on information

systems for customers. These are less investment, scale and manageability.

According to Mell and Grance (2011), there are five essential characteristic features
of cloud computing in which are on-demand self-service, broad network access,
resource pooling, rapid elasticity and measured service. On-demand self-service is that
users can unilaterally satisfy their needs on computing service without any human

interaction or other middle-tier.

Broad network access provisions high available accessibility for customers over the
network thanks to the using of different platforms such as mobile phones, tablets,

laptops and workstations.

When it comes to the resource pooling, cloud system is comprised of a wide range of
data resources in association with distinctive domains. Physical and virtual resources
in the cloud system are precisely organized by being used multi-tenant model so as to
rapidly respond multiple users’ requests. The implemented principle in the working
mechanism of resource pooling can be called as the sense of location independence
and this means that a customer has not an active control over the exact location of

resource provider but, the location may be determined thanks to the system for the
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customer at a higher level of abstraction such as country, state or datacenter. Example

resources are storage, processing, memory and network bandwidth.

The rapid elasticity is expressed that cloud technology capabilities are assured and
released in an elastic manner by being swiftly scaled outward and inward
commensurate with demand. The available capabilities are often presented as
unlimited to customers in order to they can utilize it in any quantity at any time (Mell
and Grance, 2011).

The measured service is controlled and optimized resource use by taking support from
the metering capability at some level of abstraction as considering the service type. By
the condition of what ensuring the transparency for both the customer and the provider,
resource usage in cloud system is monitored, controlled and reported. Computing

paradigm which composes of six phases is depicted in the Figure 4.5 below.

Phases

1. Mainframe
Computing
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Computing
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Figure 4.5 : Cloud computing phases (Voas and Zang, 2009).

In the phase one, powerful mainframes are shared between a lot of users using dummy
terminal. In the second phase, it is depicted being met the requirements depending on
the majority of users by the stand-alone PCs. The third phase is demonstrated the
connection between PCs, servers and laptops by means of local networks for supplying
and promoting the performance. The fourth phase is specified the merge of local

networks for the purpose of the creation a global network in similar to Internet so as
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to exploit remote applications and resources. The phase five is emphasized on the grid
computing that procures a shared computing power and a storage through a distributed
computing system. Finally, it may be underscored that cloud computing supplies more
shared resources in a scalable and simple manner with the help of the Internet. As
scrutinizing the aforementioned six phases of cloud computing paradigm based on
general standpoint, it seems that there is a strong similarity between the cloud
computing and the original mainframe computing model. Nonetheless, two paradigms
have several definite distinctions. Computing power of mainframe model is finite,
whereas cloud computing model has infinite computing power and capacity. Besides,
dummy terminal of mainframe computing is behaved as a user interface, whereas
powerful PCs working on cloud computing may promise the local computing power

and the cashing support (Furht and Escalante, 2010).

On the other hand, cloud computing is a collection made by different layers of which
have significant tasks. These layers are Software-as-a- Service (SaaS), Infrastructure-
as-a-Service (laaS), Platform-as-a-Service (PaaS), the data Storage-as-a-Service
(dSaaS) and virtualization process. The first layer is an enabler that allows users to
remotely operate the applications by means of the cloud. laaS is represented the
computing resources as a service. This layer has virtualized the computers that enables
processing power and bandwidths separated for storage and Internet access. PaaS
looking like laaS contains the operating systems and required services for certain
implementations. PaaS can be also expressed as a special version of laaS, with custom
software package for the applications offered. The dSaaS layer is provided the storage
area used by customers including bandwidth requirements. Virtualization is presented
the visual representation of data framework in virtual environment for users and other
agents. There is another important advantage of cloud computing, like that it can be
virtualized the resources and shared them between various implementations to provide
that users can be benefitted from the server well. In addition, the virtualization
technologies consist of virtual machine techniques such as virtual networks, VMware
and Xen or VPN. The Figure 4.6 indicates the relevant layers of cloud computing

technology.

Moreover, there are four deployment models of the cloud computing technology called
as public cloud, private cloud, hybrid cloud and community cloud. As the first one,

public cloud, in other words external cloud, has a cloud computing dynamically
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provided over the Internet through Web services or Web applications from an off-site
third-party provider (Furht and Escalante, 2010). The cloud infrastructure is supplied
in order that public can be utilized it as an open source for the particular aims.

Business, academic or government organizations may manage, operate or own it.

Application
SaasS

Platform
PaasS

INnfrastructure
laas

Wirtualization

Servers and Storage
dSaasS

Figure 4.6 : The layers of cloud computing (Furht and Escalante, 2010).

As the second one; private cloud, in other words internal cloud, is simply referred a
cloud computing type on private networks. It has been innovated for special usage of
one customer with high protective restrictions against outer interactions, full control
mechanism over the data and well-quality of service. Private clouds can be established

and administrated by an IT organization of a company or by a cloud provider.

As the third one, the hybrid cloud is highlighted the combination process as it is
understood out of the term “hybrid”. It is combined public and private cloud models.
According to Furht’s view (2010), “hybrid clouds introduce the complexity of
determining how to distribute applications across both a public and private clouds” (p.
7).

The last deployment model of cloud computing is the community cloud. It is delivered
for special use by exclusive community of customers from institutions that have
common interests such as security requirements, policy, mission or compliance

considerations. The community cloud may be administrated, operated or owned by
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one or more of institutions in the community. The schematic representation of public,
private and hybrid cloud computing types is available to see in the Figure 4.7.
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Figure 4.7 : Types of cloud computing (Furht, 2010).

There are some key attributes need to be known about cloud computing for a better
understanding of cloud computing phenomena. These are the infrastructure systems,
the application software, the application development and deployment software, the
system and application management software and finally IP networks. Firstly,
infrastructure systems are covered servers, storage and networks built in the form of
scalable structure towards user’s demand. Secondly, the application software is
pertaining to Web-based user interface, Web services APIs and a bountiful diversity
of configurations. Then, the application development and deployment software have
the duty to supports the development and integration of cloud application software. As
the third one, the system and application management software is supported rapid self-
service provisioning and configuration and also usage monitoring. To conclude, IP
networks are established a connection among the end-users and the cloud-

infrastructure components.

4.4 Big-Open-Urban Data

Data is the basic element for the information systems. All processes and studies about
information systems are carried out by means of different kinds of data. This situation
is caused the increasing value of data in many domains associated with cities. The
development of cities is regarded the correct processing of data attained from various
sources such as traffic sensors, GPS devices, pollution detectors etc. Management of

this big data is a crucial work in making reasonable interpretations about possible
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issues of the city or in making better decisions about futuristic city planning. In other
words, big data management is the fundamental factor to succeed desired intelligent

city projects.

In general, the characterization analysis of big data is composed of three main factors
which are volume, variety and velocity (Laney, 2001). Data volume is specified the
considerable amount of data supply. Data variety reveals sophisticated data structure
resulting from multiple data sources. Data velocity means the speed of new data is
acquired (Helfert and Ge, 2016).

“Data lies at the heart of smart city concept. This is because city governments and
businesses require data and information to be able to provide appropriate and timely
services and products to their citizens and customers” (Sexton et al., 2017, p. 12). To
better understand the importance of data for city development, the Figure 4.8 is offered

the summary which indicates the insights about supportive data requirement for cities.

Transport
and mobility

12%

Technology
13%

Infrastructure Social[
13% community
18%

Figure 4.8 : Required data in the support of urban projects (Sexton et al., 2017).

When it comes to what the big data is in technical perspective, it is referred to “the
data that can no longer be captured, stored, managed and analyzed using conventional
methods” (Sexton et al., 2017, p. 13). Big data has been classified under “Eight Great
Technologies” paradigm by UK Government (Sexton et al., 2017). This is also proofed
how important the big data is for current technologic systems and models.

In addition, UK Government has defined the big data as “both large volumes of data
with high level of complexity and the analytical methods aimed applied to them which
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required more advanced techniques and technologies in order to derive meaningful
information and insights in real-time (Sexton et al., 2017, p. 13)” The definition
indicates the growing potential of big data and big data analytics in terms of emerging
new meanings, insights and values by being combined different datasets. Big data
analytics is emphasized the data using for decision purposes. Any organization can
apply a convenient big data analytics method such as data mining to determine the
possible opportunities for high performance. Big data analytics as a concept is
definitely significant for the invention of successful smart city models. Another
definition of it is that “big data is a term that describes large volumes of high velocity,
complex and variable data that required advanced techniques and technologies to
enable the capture, storage, distribution, management and analysis of the information”
(TechAmerica Foundation’s Federal Big Data Commission, 2012). In the light of this
definition, the Figure 4.9 is indicated the extracting insights related to big data process.

Big data Processes

Data Management Analytics

Extraction, Integration,
Cleaning and | Aggregation and
Annotation Representation

Modeling and
Analysis

Acquisition and

Recording Interpretation

Figure 4.9 : Big data process (Gandomi and Haider, 2015).

In other respects, big data can be characterized in a different way by means of five
features (Gandomi & Haider, 2015). These are followed,;

Large volume or magnitude of data.

Wide variety or structural heterogeneity of datasets.
High velocity and rate at which data are generated.
Very variable and variation in the data flow rates.

a ~ w DN e

High degree of veracity or reliability inherent in data sources.

Value and complexity can add to these characteristic features. Value can be expressed
as relatively low information value related to data volume. Complexity is the
consequence of obtaining data in various formats via different sources.
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Likewise, big data analytics have several characteristic features such as advanced data
storage requirements, data management, analysis and visualization technologies.
These features are not provided by using traditional business methods (Janssen et al.,
2015). The subject of big data analytics is not simple as it is supposed. Because, aim
of this process is to make the complicated high amount of data more understandable,
to disclose hidden correlations between local data units within the big data, to
determine unseen patterns, market trends and useful business information so as to
increase organization performance and service utility. In a nutshell, big data analytics
is done to turn big datasets that can be structured, semi-structured or unstructured into
a considerable data form that allows to make better decisions about business course
and to make qualified interpretations on possible negative or positive cases associated
with the business environment thanks to several certain big data visualization
techniques that visually highlight the unknown sides of big data such as visualization
algorithms, tables, charts etc (Marjani et al., 2017). Even though it seems that there are
some beneficial big data analytics tools and methods, they are insufficient to totally
meet the requirements of the business community (data miners, big data and metadata
analyzers and scientists). The majority of them use the complicated trial-and-error
method to handle the big data problems and the big data heterogeneity. One of the
existing big data analytics systems is the Exploratory Data Analysis Environment. It
is knowns as a big data visual analytic system that is used for the analysis of complex
earth system simulations that have a massive amount of data (Marjani et al., 2017).
Moreover, there are other big data analytics systems such as real-time analytics, off-

line analytics, memory-level analytics, Bl analytics and massive analytics.

In the real-time analytics, the important matter is the constant data change in a short
period. It is focused on the data group collected from different sensors across the urban
areas. It needs the rapid analyze techniques to filter high amount of data obtained from
sensors for the extracting of useful data. For a better understanding the working
mechanism of real-time analytics, there are two architecture types offered and these
are respectively parallel processing clusters using traditional relational databases and

memory-based computing platforms (Pfaffl, 2001).

The Off-line analytics works in the opposite way of real-time analytics working
phenomena. Quick response is not necessary for this type (Chen and Zhang, 2014). It

can be showed as an example of the advantages about off-line analytics that, numerous
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Internet enterprises is being chosen the off-line analytics architecture to diminish the
cost of data format transformations. Also, it is enabled an efficient data acquisition.

This feature can be accepted as another advantage of it.

The memory level analytics is operated if the amount of data is less than the memory
of a cluster (Chen and Zhang, 2014). As being considered the current technology in
storage domain, the memory of clusters has been achieved terabyte level. Because of
this fact, several internal database technologies are required for improved analytical
efficiency. The memory level analytics is evaluated as a convenient form for the real-

time analytics.

The Bl analytics is discussed when the size of data is larger than the memory stage.
However, the data must be imported to the Bl analysis environment. The Bl analytics
is adopted the terabyte-level data in recent years. In other respects, the Bl analytics
discovers the strategic business opportunities within sophisticated and enormous
datasets and allows to make readily interpretations regarding data volumes. The
improvement of these features for the acquisition of more efficient analytics ways will
be ensured a more guaranteed place for enterprises in competitive market and long-

term stability.

As the last one, the massive analytics is performed when the amount of data is bigger
than the whole capacity of Bl analytics product and traditional databases. This
analytics type is benefitted from the Hadoop distributed file system with the purpose
of data storage and reduce for data analysis. It is yielded the acquisition of meaningful
value out of big data for the increase of competitiveness in the market and to create
the business foundation. Furthermore, it is enabled productive services and improved
making-decision ability about any business domain to remove possible risks by
offering accurate data (Marjani et al., 2017). The Table 4.3 reveals the comparison of

different types of big data analytics.

Table 4.3 : The comparison of big data analytics (Marjani et al., 2017).

Existing

Analytic Types/Level Specified Use Architectures/Tools Advantages/Category
+Parallel processing
clusters usin,
Real time[33] To analyze the large amounts of data  +Greenplum traditional €
generated by the sensors +HANA databases memory
based

computing platforms
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Table 4.3 (Continue) : The comparison of big data analytics (Marjani et al., 2017).

+Efficient Data
Ts uise for fhie +Scribe acquisition .
- . . . + Katka +Reduce the cost of
Offline [36] Applications where there is no high N —— daiti
requirements on response time +Chukwa foemiat conversint
To use where the total
Memory level [41] data volume is smaller than the +MongoDB [ Realtime
maximum
Memory of the cluster
Business intelligence level To use when the data ks, soalsticsilany +Both offline and
[43] scale surpasses the & a Online
memory level
To use when data scale is
Massive level [44] totall)_' surpasse.d ge +Mostly belong to
capacity of business +MapReduce Offline
intelligence products and traditional
databases

On the other hand, it needs to be addressed about the close relationship between big
data analytics and 10T. Because using of 10T to connect with different systems to each
other is resulted in the massive data conglomeration required to be analyzed for
reaching a meaningful conclusion related to the city intelligence. In this regard, it may
be said that the deployment of 10T associated with many urban domains has been
pioneered in that big data analytics attract the attention of the smart business
environment. And this is also shown that both of them are dependent with each other
from the point of the development. The determination of big data context according to
the degree of their meaningfulness and extracting the suitable data in accordance with
the making-decision process about likely business initiatives toward the future is
obliged the consideration of big data analytics and 10T as a whole. It is possible to see
the depicted relationship among big data analytics and 10T in the Figure 4.10 on the

following page.

In addition, there are four big data analytics methods on the basis of data miming. But
firstly, data mining can be described as one of the most important and preferred big
data analytics method to extract required data that helps finding hidden information,
making reasonable decisions, identifying recent trends and making realistic and
consistent predictions related to the futuristic business cases. Data mining has a crucial
role for analyzing, besides, the majority of developed analysis techniques has been
created by being utilized data mining algorithms. Data mining has also a big

importance in sorting the 10T datasets produced by myriad devices.
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Figure 4.10 : The relationship between big data analytics and loT (Marjani et al.,
2017).

The aforementioned big data analytics methods based on data mining are
classification, clustering, association rule mining and prediction. All methods have
data mining functions. Classification can be explained as a supervised learning
approach which uses prior knowledge as training data to categorize data objects into
different groups (Estivill and Castro, 2002). A predefined group is associated to an
object, and hence the task of predicting of a group for an object is accomplished.
Additionally, introducing the necessary information within big datasets is another
remarkable duty of it. As an example, Bayesian networks that are effective in
analyzing complex-structured datasets compared to other traditional methods can be
showed for classification methods. Additionally, the SVM (Support Vector Machine)
is further example evaluated in classification methods. The strong sides of it are
analyzing data patterns and creating groups in an effective manner. The SVM is
exploited the statistical learning theory in order to analyze data patterns and create
groups. In general, applications of the SVM classification method are consisted of
pattern matching, text classification, health diagnostics and commerce. In similar way,
the KNN (k-nearest neighbor) is an efficient classification method in unraveling
hidden patterns from big datasets and detecting of anomalies. Briefly, classification is

a widespread data mining technique used for big data analytics.

Clustering is further important data mining technique. It is operated according to the
unsupervised learning approach and is generated the object groups through

considering their distinctive meaningful features. Being large number of objects in
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groups is facilitated the data manipulation. There are two common methods used as
hierarchical and partitioning clustering. The first one is combined the small data object
clusters to produce a hierarchical tree and the agglomerative clusters. Contrary to the
first one, the second one uses the approach dividing the main cluster in which all data

objects are into smaller appropriate clusters (Berkhin, 2006).

Furthermore, the association rule mining is another significant data mining technique
in terms of identifying the interesting relationships between different objects, events
or other kind of entities to make an analysis of consumer buying behavior, market
trends and product demand estimations. This technique is given close attention to
specifying and creating rules depending on the frequency of occurrences for numeric
and non-numeric data. In this respect, there are two valid data processing types
performing within the scope of association rule mining called as the sequential data
processing that uses priori-based algorithms and the temporal sequence analysis that
uses custom algorithms for event patterns analysis in continuous data (Marjani et al.,
2017).

Lastly, the predictive analysis technique performs with historical data so as to specify
the results about data with regards to trends or behaviors. The SVM and the fuzzy logic
algorithms are delivered the service to determine correlations among dependent and
independent variables and also to attain regression curves for predictions, for instance
the natural disasters. Besides, the predictive analysis is utilized in the direction of
implementing social media trends analysis and customer buying predictions analysis.
The Figure 4.11 enables the representation associated with the overview of big data

analytics methods.
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Figure 4.11 : The overview of big data analytics methods (Marjani et al., 2017).
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Open data is another significant matter. Open data is able to a gateway between
government agencies, different organizations in public or private sector and
contributors which are academicians, researchers or special experts so as to develop
new ideas, analysis patterns and trends, to make a decision and to solve the problems
related to the concept of smart city. Open data can be defined as “data that anyone
access, use or share” (Open Data Institute, 2016). According to the explanations of UK
Government, a data type should have the addressed properties below to be able to be
evaluated as the open data:

It must be accessible (normally through Internet).
It must be without limitations associated with user identity or intent.
It has no cost that is more than the cost of reproduction.

It must be digital and machine-readable format.

o~ w N oE

It must be free of restriction on use or redistribution (Sexton et al., 2017).

Also, the advantages of open data for service improvement are a better planning and
predictive analysis, improved citizen engagement, more efficient construction and a
better asset management in a city and as a final, the disclosing of hidden and important
correlations between data (OECD, 2016). The Figure 4.12 underscores noteworthy
overlapping domains of big and open data.

Open

. government

Large public government
l_ datasets [e.g. weather, GPS, 2

. SEC, health
Non-public data for Rt e Citizen engagement

marketing business programs based on
analysis, national 3 . LI 5 data [e.g. petition

security websites)
Large datasets Public data

from scientific from state,
research, local, federal
social media or government
other non- [e.g. budget
government data)
sources

=

Business reporting [eg ESG data); other
business data [e.g. consumer complaints

Open data

Figure 4.12 : Overlapping domains of big and open data (Gurin, 2015).
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Open data can be often used as urban data to develop the city intelligence and the smart
city services. For this purpose, many cities are being created their own open data hubs
or urban data platforms. Urban data platform means that a logical architecture or
design that contains data flows across the city systems in a holistic structure and
benefits from the modern technologies such as sensors, mobile devices, cloud services,
social media or analytics (EIP SCC, 2015). The Table 4.4 indicates the overview of

applied urban data platform types across the world cities.

Table 4.4 : The overview of urban data platform types in the world (Barns, 2018).

Data Repositories Data Showcase CityScores Data Marketplaces

Open Data Portals City Dashboards Score Cards Datastores

+ Provide access to «  Promote access to data « Integrate a range of dataset +  Provide access to data in ma-
government data often in visualisations aligned to to support peformance chine readable formats
machine readable formats urban policy priorities monitoring against set +  Data access and reuse by ex-

+ Datanot usually listed +  Underlying data not always targets ternal parties promoted and

according to policy or
performance target
+ Created by city governments

Objective
+ Data services innovation

available or machine-
readable

» Created by city governments
or through partnerships with
educational institutions

Obective
- Data visibility

«  Underlying data not usually
available
- Created by city governments

Obective
«  Performance Monitoring

encouraged (incl sales)

+  Performance monitoring one

among a number of data uses

+  Created by city governments

or private sector

Obective
+ Data services innovation

+ Transparency « Transparency

Examples
Examples Examples Examples + London Datastore
+ New York Citizen Dashboard +  Dublin Dashboard +  Boston CityScare +  City Data Exchange
- Socrata Dashboards - London Dashboard +  G5CDashboard (Copenhagen)
+ CKAN Dashboards -+ Sydney Dashboard

Additionally, Dublin dashboard can be given as an example for applicable urban data

platforms in real life in the Figure 4.13.
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Figure 4.13 : Dublin Dashboard as an active urban data platform (Url-5).
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The increase in using open data for the smart city models has been provided the
forming of new business models. In this regard, it can be addressed four types of open
data re-users. These are enablers, enrichers, developers and aggregators. Enablers refer
the organizations, particularly in public sector, which provide open data. Enrichers
mean bigger organizations that use open data to enrich existing products and services.
In addition, developers describe the organizations responsible for designing, creating
and selling the smart applications. Ultimately, aggregators refer to the organizations

that gather and aggregate open data.

Urban data is other important matter for smart cities. It may be in open data format
and generally, it has high amount of data volume due to many data sources are used to
collect urban data. Urban data is big data at the same time. It is a cornerstone for the
detection of main city problems and preparing of solution plans once. Urban data is
also contributed to be enhanced city ecosystem which comprises of three environments
called as the first-dimensional space, the second-dimensional space and the third-
dimensional space. The first-dimensional space refers to the physical space composed
of merely physical environment with all its resources in natural state. The second-
dimensional space means human society space taken shape by cultural norms and
social contact between urban residents. Lately, the third-dimensional space specifies a
cyber space that contains computers, internet access and data flowing via addressed

systems to digital domains (Pan et al., 2016).

In other respects, technical definition of urban data;

Urban data is that which is held by any organization — government, public sector, private sector
or not for profit — which is providing a service or utility, or is occupying part of the city in a
way that can be said to have a bearing on local populations and functioning of that place. It
can be static, near-real-time or in the future, real-time, descriptive or operational (EIP-SCC

Urban Platform Management Network, 2016, p. 6).

In general meaning, urban data can be investigated under three primary categories;

1. Flows of resources, people, information and products beyond the cities,
measured by using sensor or other advanced technologic devices.

2. States of urban spaces and environments which is measurable such as density
of population or detectable environmental factors by means of sensors, satellite

images or incessant observation.
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3. Activities of people, devices and machines, transaction measurement,
communication patterns measurement and also consumption measurement
(OECD, 2016).

On the other hand, urban data can be mapped according to “5 Pools of Urban Data”.
Respectively, the corresponding pools are firewalled, open data, social, sensor/loT and
commercial (EIP-SCC Urban Platform Management Network, 2016). The largest

proportion of urban data is in firewalled pool.

Open data is an important trend owing to offering publicity associated with any city

domain but, it has not the adequate growth speed relevant to urban data.

Social pool refers to produced social media data via different ways. It is scrutinized
the instantaneous circumstances of cities with personal or collective shares about the
life. The negative side is to be unstructured but still, it is an important pace from the

point of feeling cities pulse in social perspective.

According to the estimation about using sensors and 10T, 50 billion devices will be
connected with each other in urban areas by 2050. These networks play a key role in

effective operating the city services and other systems.

When it comes to commercial pool, “with the trend to externalize City services,
commissioned city service providers, utilities and the broader business community
now hold a major portion of commercial data that can play an increasingly important
role in delivering policy outcomes” (EIP-SCC Urban Platform Management Network,

2016, p. 12). The Figure 4.14 depicts the aforementioned five pools about urban data.
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Figure 4.14 : 5 pools of urban data (EIP-SCC Urban Platform Management
Network, 2016).
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4.4.1 Challenges for open, big and urban data in smart cities

Even though data is a fundamental element for the generation of smart cities, there are

several complicated challenges standing against the expectations.

4.4.1.1 Interoperability and common standards

Smart city models are contained different systems at different scales. Each system has
unique data format and to needs different standards for effective operation. However,
a smart city model should be evaluated as a whole and accordingly, diversity in data
formats and standards must be eliminated so as to produce a holistic structure in which
all units can be suitably work together. Some data standards generated for the smart
city projects seems vital due to this problem. These standards also aim to dispose
unintended data duplications that are the important reasons of complication in smart

city environment.

The main international bodies working to solve this problem are ISO (International
Organization for Standards), CEN/CENELEC/ETSI (the European Committee for
Standardization/the European Committee for Electrotechnical Standardization/the
European Telecommunication Standardization Institution), ITU (International
Telecommunication Union) and IEC (International Electrotechnical Commission)
(Url-6).

According to the study of BSI on acquiring standardization to the smart cities for
finding the rapid solutions of possible problems, it has been proposed four key
questions that will shed light on this subject as follows:

1. How will city authorities set their objectives for smart cities and measure progress?

2. How can cities create the shared understanding to deliver the vision?

3. How will the information be captured and shared between infrastructure and services?

4.  What risks are there in moving to smart city services and how can these be managed (BSI-

The Role of Standards in Smart Cities, 2014, p. 6)?

By the effect of these problematic questions about standardization in smart cities, the
studies have been accelerated to create a common standardization platform that would
set a bridge between different smart solutions and would provide the interoperability.
In the light of the studies, the advisory group has been concentrated on two

fundamental standards-based activities which are significant:

1. “Those that will accelerate the uptake of smart city products and services.
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2. Those that will ensure that the smart city developments are built on a solid
foundation” (BSI-The Role of Standardization in Smart Cities, 2014, p. 6).

In other respects, BSI is separated the standardization process into three different
levels called as the strategic, the process and the technical specifications. The strategic
level is offered to shape overall strategic standardization perception that will assure a
guideline for the city leaderships and other bodies in the direction of the forming
smarter cities. The priorities associated with how will the roadmap be determined and
how will the progress of this roadmap be efficiently monitored are participated within
the scope of this level. The second level focuses on the development of best practices
and implementations in the direction of the guideline to manage smart city activities.
The last level includes lots of technical specification that have great importance for the
innovation of smart products and services reflecting overall objectives (BSI Standards
Publication-PD 8100, 2015). The Figure 4.15 reveals the aforementioned smart city

standardization levels.

Box of smart
city standards

— Level 1 - Strategic Increasing
— Level 2 - Process technicality

— Level 3 - Technical specifications

Figure 4.15 : The levels of smart city standards (BSI Standards Publication-PD
8100, 2015).

4.4.1.2 Open access to data

The transaction costs, legal and contractual issues resulting from data collection
policies are constituted an ignorable barrier to access data in the sense of many
organizations and users. Besides, the privacy and the confidentiality of accessed data
are other problematic cases even if the organizations or a user may access to data.
Commercial interests and regulations are prohibited the use of public data by private

sector agencies for their own interests. On the other hands, the same legal units may
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be impeded that organizations in private sector use their proprietary data with the

purpose of public benefit.

4.4.1.3 Security and privacy

The intensively use of technologic devices in casual life brings up some hazards
threating privacy and security. The technologic gaps in connections between ICT
systems, established networks or other linkages between smart services stored many
personal data of users based on coding phenomena are caused to arise the cybersecurity
threads and the violation of privacy. Moreover, because of the sensitive structure of
technologic components used in smart cities, the natural disasters may lead to wholly
or partially collapse urban infrastructures or vital systems organizing the urban life and

thus, the majority of people in disaster site may suffer from.

4.4.1.4 Scarcity and fragmented structure of urban data

This problem is resulted from different survey techniques carried out by government,
business and academia units and as a consequence of this case; forming of non-

continuance datasets had different formats (Sexton et al., 2017).

4.4.1.5 Ongoing data regulations and data protection studies

It concerns with the illegal interference to private data. In other words, it expresses
that there is no a completed deterrent legal framework for data privacy protection. This

situation poses heavy risks on data ownership and privacy.
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5. 3D MODELLING AND VISUALIZATION IN SMART CITIES

The concept of smart city is a multi-faceted structure combining a variety of
technologies and methods to achieve the goal of sustainable urban development, the
competition in difficult economic, environmental and social conditions, improving
quality of urban life, alleviating the main challenges people face in urban life and also
offering permanent and forward-looking solution ways to stakeholders in the direction
of the reshaping of urbanization. In this context, the important information platforms
such as GIS and BIM play a key role in creation of more understandable and more
efficient smart city projects. According to some researchers, the possibilities arising
from the integration of GIS and BIM are facilitated the process of decision-making in
all stages of sustainable smart city projects. This integration has a big importance to
be obtained an accurate spatial data that will be greatly affected all areas about the
environmental management and the sustainable development in urban places (El-
Hallaq et al., 2019). Moreover, the integration of such platforms that are influential
over smart city phenomena enables to be efficiently controlled the full-cycle
construction by handling graphical and non-graphical documents with the purpose of
gathering information related to construction project, to be accelerated the work flow
in ongoing planning thanks to data accuracy and integration ensured. Last but not least,
it provides the possibility to be able to make spatial analysis about real scenarios in the
real world. Data integration within this scope is allowed more green and efficient
construction management, producing efficient solutions corresponding to usability
problems and effective asset management with the aid of third dimension (El-Hallaq
etal., 2019).

It is cleared that the majority of cities put in effort for a high-level transition and
continuous development so as to adopt the salient changes in rapid economic,
demographic, environmental and social domains along the world. The topic of 3D
visualization has been brought up as an innovative and uttermost necessary tool

whereby the needs of cities’ regarding the adoption this ongoing rapid change that
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covers all world. The 3D city modelling presents salient and constructive techniques
for the improvement of traditional building understanding and interpretation manners
and relatively other environmental features. As well as, these models are consisted of
GIS functions with high data representation and analysis capabilities. Besides, they are
provided a better decision-making mechanism, the citizen participation. When
considered the all abovementioned properties, 3D models seem as an indispensable
part for the transformation of cities from a traditional form to an intelligent form via
information and communication technologies. In other respects, 3D city model can be
described as “a digital representation of the earth’s surface and related objects such as
constructions, trees, vegetation and some man-made characteristics in urban areas”
(El-Hallag et al., 2019, p. 323). 3D modelling and visualization techniques are being
used for numerous applications nowadays in order to not only present the current
representation of a region, but also to exhibit the simulations corresponding to likely
future scenarios. In addition, the clear presentation of new urban development projects
and futuristic scenarios and besides, the leading up of the participation for urban
administration may be expressed as some merits of web-based applications associated

with the smart city concept.

On the other hand, the most important targets and benefits of the 3D city modelling

can be specified as follows:

e Its vital role in continuity, quality control, management and service delivery.

e It allows to create innovative and sustainable 3D scenarios in the basis of
current data and plans.

e It helps to depict the environmental effects and also mobility energy data
through merging standard model outputs with the 3D GIS database.

e It makes easier to establish an interactive 3D portal corresponding to GIS in
order to assure the citizen participation and a decision support panel
commissioned for the city government. This gives way that the planners and
other managers responsible for the city management use it as a key tool for
analysis, interpretation and presentation regarding current state and future

scenarios of the city (Schaller et al., 2015).
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5.1 The Pillars of 3D Visualization in Smart Cities

The 3D visualization and the 3D city modelling are helping factors for enabling to
figure out the insights about city needs, requirements of citizens and briefly the basic
things to make the urban environment more livable. Therefore, the 3D modelling
provides that the stakeholders commissioned for the city administration take more
accurate and constructive decisions about any domains of city. To accomplish this, it
must be produced some definite preliminary models helping in the creation of high-
detailed 3D urban models. These will also assure the fundamental frameworks

corresponding to the 3D smart city visualization.

5.1.1 Digital terrain model (DTM) — Digital surface model (DSM)

The concept of digital terrain model has been proposed by Miller and Laflamme in the
late of 1950s. They have been used these models to monitor basic changes in Earth’s
surface. Afterward, this concept has become the most important research subject for
the International Society for Photogrammetry and Remote Sensing since 1960s. The
main research topic was the surface modelling and contouring via the digital elevation
models from 1960s to early 1970s. In this time interval, different interpolation models
have been also proposed such as HIFI (height interpolation by finite element),
projective interpolation and Krigging method. All experimental studies and theoretical
analysis have been become a guideline so as to generate more accurate digital terrain
models (Li et al., 2005). The Figure 5.1 identifies the processing of digital terrain
modelling.
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Before the terminological description of digital terrain model, the concept of model
should be defined. The model can be defined as the representation of a particular matter
by means of an object or a concept (Meyer, 1985). It is the form of reality scaled down
and transformed into which can be comprehend by people. The most common
purposes of model production are prediction and control for which the experts are able
to reach necessary scientific findings corresponding to the study target. The models
may be represented both the current and forward-looking situations. The concept of

model is generally categorized into three groups:

1. Conceptual Model
2. Physical Model
3. Mathematical Model (Li et al., 2005).

As the first one, the conceptual model can be described as “the model borne in a
person’s mind about a situation or an object on his knowledge or experience” (Li et
al., 2005, p. 5). Generally, this model is the first step of modelling process and it
procures a guideline for physical and mathematical models. The modelling study may
remain in conceptual phase by the condition of that the case is quite difficult for the

representation.

The physical model is illustrated by terrain models made of plastic, rubber or clay.
These sorts of models are mostly analogue. One of the most popular examples of these
ones is the stereo models of terrain depending on optical or mechanical projection
principles, which is extensively preferred as a fundamental study material in
photogrammetry. Moreover, the physical model is commonly smaller than real object

in the studies of geosciences domain.

Finally, the mathematical model can be stated as the representation of a situation, an
object or a phenomenon by using mathematical terms (Li et al., 2005). The components
of it are depending on mathematical concepts such as variables, constants, equations,
functions etc. Also, the concept of mathematical model has been divided into two
subtitles which are consecutively the quantitative models and qualitative models,
according to Saaty and Alexander (1981). The first one is based on numerical systems,
whereas the second is about set theory and like more this, not confinable with numbers.
Furthermore; the sort of problem, which may be either deterministic or probabilistic,

is determinant about the mathematical model type. In this regard, the mathematical
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models are allocated as functional and stochastic models (Li et al., 2005). Functional
models are fitted for solution of deterministic problems, whereas stochastic models are

associated with probabilistic problem solutions.

When it comes to what the digital terrain model is from the point of technical
perspective. It is described as “a statistical representation of the continuous surface of
the ground by a large number of selected points with known X, Y, Z coordinates in an
arbitrary coordinate field” (Li et al., 2005, p. 7). In the light of DTM’s definition, it

has particular properties compared to the traditional analogue representations:

1. A variety of representation forms: Diverse forms of representations can be

readily generated such as vertical and cross sections or topographic maps by
being benefited from the digital format.

2. No accuracy loss of data over time: Conversely the paper maps, DTM lasts for

a long time without deformed in terms of the accuracy with the aid of using
digital medium.

3. Greater feasibility of automation and real-time processing: Using digital format

presents more flexible data integration and updating in spite of the analogue
forms.

4. Easier multi-scale representation: DTM is configurable for different

resolutions depending on the scale of representation (Li et al., 2005).

Additionally, the Figure 5.2 demonstrates the digital terrain modelling’s relations with
other disciplines.
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Figure 5.2 : The relations between digital terrain modelling and other disciplines (Li
et al., 2005).
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Digital surface model (DSM) is a kind of digital elevation model. In general meaning,
whereas a digital terrain model is usually focused on bare ground of the terrain, a
digital surface model additionally includes heights of vegetations (trees etc.) and of
man-made features (buildings etc.). The most salient difference between the two model
types is if there are any vegetations or man-made features on the terrain (Elste, 2018).
The Figure 5.3 shows two aerial photographs taken in Germany for a better
understanding of the difference between DTM and DSM.

Figure 5.3 : The difference between DTM (left) and DSM (right) (Elste, 2018).

After Miller and Laflamme have been offered the term “DTM” in 1958, several
alternative terms have been brought up depending on it. These alternative terms can
be identified as digital elevation models (DEMs), digital height models (DHMs),
digital ground models (DGMs) and also digital terrain elevation models (DTEMS). The
invention of these different terms is originated from the different approaches of
countries to this point. DEM is a commonly used in America whereas DHM is popular
in German scientific community. DGM is also opted by United Kingdom for using in
this domain. Finally, DTEM is broadly used by United States Geological Survey
(USGS) and Defense Mapping Agency (DMA) (Petrie and Kennie, 1987). Though all
terms are accepted to have the same meaning in practice, nonetheless, there are slight
differences between them. The ground is technically defined as the solid surface of the
earth, a solid base or the foundation or the bottom of the sea. In other respects, the
height is expressed as a term that measurement from base to top, elevation above the
ground or recognized level. Subsequently, the elevation can be described as the height

above the horizon or the height above a given level, particularly that is sea. Ultimately,
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the terrain is identified as an extent of ground, region, territory or tract of a country
considered regarding its natural features (Li et al., 2005).

5.1.2 Urban (City) information model (UIM — CIM)

One of the main tasks of building up smart cities is to offer permanent solutions
depending on the primary urban domains, such as transport, pollution, construction or
crime etc. This is possible via some systems which play an interconnected role between
different urban data sources corresponding to main urban domains. The desired model
should be formed a common platform enabling the data sharing and reinforcing the
relationships between the stakeholders which are influential over the city management
and planning based on the interoperability. In this context, urban information models
have been emerged as the expected savior for urban design. According to the study of
Gil and Duarte in 2008, there are several definite requirements and challenges related

to this approach proposed about urban design follows as:

e The integration of numerous stakeholder’s activities.

e The integration of analysis and evaluation in the performance depending on
urban design.

e The management of a variety of outputs pertaining to different stages of urban
design.

e The providing of easy access to information withheld in multi-sources and in
different formats.

e The effective management of vast amount of information with good

visualization for various users.

Urban information model can be considered as a system which supports to be
extensively used Geographic Information System (GIS) as a fundamental tool enabling
a better making-decision by means of computer technologies in urban designation
(Maguire, 2003). Furthermore, one of the basic duties of urban information modelling
is to build up an integrated system for e-Governance. This corresponding system
composes of multi-dimensional database which is accountable for intelligent
information management, spatial data for buildings and in addition to these; land,
social, economic and environmental data. The system including e-GIF (Governmental
Interoperability Framework) and other standards must support interoperability,

integration and implementation of different datasets which are pillars of urban
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designing and planning. 3D spatial data is engaged into the system for 3D
representation of urban places as well. For a better comprehension of the data context
about UIMs, the Figure 5.4 points out the environmental data context within urban

information models.
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Figure 5.4 : The environmental data in urban information models (Gil et al., 2011).

Urban information models adopt an integrated and comprehensive vision enabling a
guideline to be solved the urban problems and for searching the ways of triggering
improvements depending on economic, social, environmental and physical aspects of
urban places. In other respects, the urban information modelling is a cornerstone in
coming into forefront and solving the problems which arise from being in sophisticated
and multi-dimensional structure of building design and urban planning concepts.
Moreover, they are targeted to make easier the integration of time, accessibility, cost,
sustainability, maintainability, crime, acoustics and thermal needs with 3D building
model presentations. In terms of this point, these models may be evaluated as an
extended version of building information modelling by the combination of whole
information required at each phases of building design phenomena as well (Kagioglou,
2003).

The 3D modelling of urban environment comprises the backbone of the visualization
process which promotes the communication and the collaboration between lots of

participants. The advanced visualization techniques supported by state-of-art hardware

78



and software tools helps the creation and management of city services in an intelligent
manner. Taking effective decisions in the direction of the achievement of sustainable
urban goals and urban planning is strictly associated with the quality of graphical
representation of urban environment. Additionally, urban information has temporal
dimension. Urban planning is based on urban information. The conditions of planning
can alter according to the needs of citizens or the urban vision in the course of time.
At the same time, urban information which manipulate the creation of ideas about
urban visions and the planning of urban design should be dealt with the information
which provide the fundamentals of past and future models regarding urban design.
These properties define the temporal dimension of urban information. This case is
totally valid for urban information models as well, owing to the nature of urban

information.

On the other hand, urban information models can be identified as nD urban information
models since the factors related to time, social, environmental and economic aspects
form different dimensions of an urban information model together with 3D urban

model plus temporal dimension. The representation of nD urban information model is
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Figure 5.5 : The representation of nD urban information model (Hamilton et al.,
2005).

available in the Figure 5.5.

The nD urban information models are briefly capable of which providing broad
information support to a variety of urban planning application systems, implementing
the interoperations among different datasets, integrating scattered data sources by
using integration methodologies, meeting fundamental information requirements for
urban planning, facilitating the primary transactions like data collection, access,
exchange, documentation or transfer at urban scale and supplying the essential

infrastructure for data integration and interoperability (Hamilton et al., 2005). The
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corresponding infrastructure uses various data management technologies such as

databases, middleware or XML.

The final important subject about urban information models is datasets. The main
dataset categories used within UIMs are topographic and thematic-spatial datasets
(Hamilton et al., 2005). Topographic data primarily defines the urban environment in
the sense of physical structure. Topological and geometrical information, Digital
Terrain Model (DTM) or building models in CAD format are taken part in this
category. In this regards, geospatial information forms the core element for urban
information model, especially by the promotion of 3D detailed city models. As to what
thematic data is, different themes may constitute the coverage of thematic data such as
crime, population or housing etc. This kind of data can be well-structured, semi-
structured or non-structured. The well-structured ones can be organized in relational

databases, whereas semi-structured and non-structured ones cannot.

5.1.3 Spatial reference model (SRM)

Spatial reference model may be taken into account as the fundamental of spatial
reference framework (SRF). It offers the conceptual model and the methodologies
assuring the definitions, transformations or conversions, geometric properties
associated with spatial reference frameworks (Url-7). In addition, spatial reference
model promotes the definite specifications of the positions, distances, directions and
also time corresponding to the spatial information. Afterwards, the description of
algorithms to obtain precise transformation of positions, directions and distances
between various spatial reference frameworks is within the scope of SRM. The
conceptual coverage of SRM incorporates an integrated framework and accurate
terminology for specifying spatial concepts and operations about spatial information
related to positions, distances and directions. The Figure 5.6 depicts the relational
structure of SRM’s conceptual elements which lead to form a spatial reference

framework.
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Figure 5.6 : The display of spatial reference framework (Url-7).
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5.1.4 Environmental data coding specification (EDCS)

Environmental data coding specification is a mechanism depending on ISO/IEC

18025:2014 which aims to explicitly identify the objects used in the modelling of

environment. In this context, there are nine collections of EDCS dictionaries based on

environmental concepts to be able to create the expected environmental modelling.

The Table 5.1 shows the collections of EDCS dictionaries based on environmental

concepts.

Table 5.1 : The EDCS dictionary collections (Url-8).

1. Classification

Specification of the type of
environmental objects.

2. Attributes

Specification of the state of
environmental objects.

3. Attribute Value Characteristics

Specification of the information
regarding the values of attributes.

4. Attribute Enumerates

Specification of the allowable values for
the state of enumerated attribute.

5. Units Specification of quantitative measures
with respect to the state of some
environmental objects.

6. Unit Scales Allowance a broad range of numerical
values to be expressed.

7. Unit Equivalence Classes Specification of the sets of units which

are reciprocally comparable.

oo

. Organizational Schemas

Providing better locating for
classifications and attributes sharing a
common context.

9. Groups

Collection of the concepts sharing a
common context.

Moreover, ISO/IEC 18025:2014 has been identified some labels and codes in the

dictionaries, for denoting and coding the concept needs as a standard method for

concept specification. The environmental phenomena have been allocated into

different categories according to the ISO/IEC 18025:2014 specifications. These

categories, which are not limited to, has been displayed in the Table 5.2.

Table 5.2 : The categorization of environmental phenomena based on ISO/IEC
18025:2014 specifications (Url-8).

1. Abstract Concepts

Geodetic azimuth, absolute latitude accuracy
etc.

2. Airborne Particulates and
Aerosols

Cloud, dust, fog, snow etc.
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Table 5.2 (Continue) : The categorization of environmental phenomena based on
ISO/IEC 18025:2014 specifications (Url-8).

3. Animals Whale pod, human, fish, civilian etc.
4.Atmosphere and Atmospheric | Air temperature, rain rate, humidity, sensible
Conditions and latent heat etc.

5. Bathymetric Physiography Continental shelf, guyot, reef etc.

6. Electromagnetic and Acoustic | Frequency, acoustic noise, sound speed profile,
Phenomena polarization etc.

7. Equipment Aircraft, spacecraft, tent, train etc.

8. Extraterrestrial Phenomena Comet, planet, asteroid etc.

9. Hydrology Lake, river, swamp etc.

10. Ice Ice field, iceberg, ice shelf, glacier etc.

11. Man-made Structures and Bridge, building, hallway, tower, road, room
Their Interiors etc.

12. Ocean and Littoral Surface Beach profile, current, surf, wave, tide etc.
Phenomena

13. Ocean Floor Rock, sand, coral etc.
14. Oceanographic Conditions Specific gravity, salinity, luminescence etc.
15. Physiography Island, cliff, gorge, mountain, reef etc.
16. Space Charged particle species, magnetic field,
particle density etc.
17. Surface Materials Concrete, metal, paint, soil etc.
18. Vegetation Forest, grass land, crop land, trees etc.
5.1.5 SC24 standards

These standards that are corresponding to some buzzing terms like augmented reality
or environmental data representation are being developed to allow better 3D
visualization and modelling in the smart city projects. The studies are being conducted
within the body of International Standardization Organization (ISO) and created
working groups which are called as International Electrotechnical Commission (IEC)
and Joint Technical Committee (JTC). The Joint Technical Committees are being
worked in charge of International Electrotechnical Commission. There are different
working groups carrying out the corresponding studies in the direction of various

specific purposes.

In general meaning, the scope of SC24 can be defined as “standardization of interfaces
for information technology based on applications related to: computer graphics, image
processing, environmental data representation, mixed and augmented reality, and
interaction with, and visual representation of information” (Ryan and Lee, 2019, p. 3).
The novel SC24 standards regarding 3D visualization in smart cities can be specified
as X3D, SEDRIS and MAR (Ryan and Lee, 2019).
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1. X3D (Extensible 3D) graphics consist of a coordinated set of steadily evolving
ISO standards. The fundamental actor which is responsible for improvement
and evolution of these standards is 3D Web Consortium. At the same time, it
provides the maintenance for long-term archival stability. The developing,
updating, maintaining and testing processes are executed by the members of
3D Web Consortium. The main objective of X3D standards is 3D web
visualization.

2. SEDRIS is the abbreviation of Synthetic Environment Data Representation and
Interchange Specification. This standard is used to create the concepts,
semantics and syntax for the representation and interchange of environmental
data. The specifications of SEDRIS are included topological, rule-based and
other constraints enabling available information for the applications based on
automatically generated behaviors during the interaction with environmental
data. The scope of SEDRIS incorporates the properties follows as (Url-9):

e Data representation model to produce environmental data

e Specifications of data classes and data types that comprise the data
representation model

e Application program interface which promotes the storage and retrieval

of environmental data utilizing data representation model

3. MAR (Mixed and Augmented Reality) is able to offer computer-generated
information about real world, the development of extensions that are compatible
with X3D visualization and interactivity allowing an emerging 1SO reference
model (Url-10).

5.2 The Importance of SDI in Modelling and Visualization of Smart Cities

There are a variety of parameters which are effective in smart city modelling and
visualization processes. The smart systems composed of the combination of many
tools such as sensors, computers and so forth making up the physical part of smart
systems and invisible technical frameworks and also conceptual schemas underlying
the proper operation of these physical devices which deliver the smart services for
users are needed some certain fundamentals for meeting the organizational and
individual requirements. Spatial data infrastructure is one of the most important

parameters in terms of the smart city concept since SDI has a vital role in urban

83



development. To this end, SDIs are offered a platform making easy the exchanging
and sharing of spatial information between stakeholders which have an influence
directly or partially on the city management. The efficient use of spatial data resources
is only to be available through the promotion of spatial data infrastructures. The spatial
data has a great importance owing to its crucial role in smart city modelling with
desired 3D visualization. The building up of SDIs allowing to facilitate the access,
reuse of spatial data, management, availability and conservation of spatial resources
will eliminate the hampers standing against the achievement of sustainable and reliable

smart city projects (Kumar and Jailia, 2018).

As to the technical description of SDI, it can be explained as “the technology, policies,
standards and human resources necessary to acquire, process, store, distribute and
improve utilization of geospatial data, services and other digital resources” (Hu and
Li, 2017, p. 1). As of 1990s, the studies has been started to construct a spatial data
infrastructure by governments of countries around the world in the direction of solving
the problems including diverse challenges about the access to digital resources, being
a large number of spatial data in dispersed manner, existing a lot of data redundancies,
wasting the human and money resources in determination and maintenance of
duplicated data. In this context, a national spatial data infrastructure (NSDI) introduced
in U.S. has been assured a standardized access to the geographic information
resources. There have been three principal missions within the body of NSDI program.
These are respectively a set of data standards for formalizing data and metadata, a
clearinghouse network allowing data storage and online access and finally a set of

frameworks for entire country (Maguire and Longley, 2005).

The success of SDI is heavily depending on sharing data by multiple government
agencies. Therefore, the bottlenecks regarding resource discovery and data redundancy
can be readily handled and this enables the decrease in wasting efforts for gathering
duplicated geospatial data and data redundancy. SDI allows the use of collected data
at multiple times in a variety of applications toward needs. This can be demonstrated
as an important advantage of SDI from the viewpoint of cost/benefit domain.
Furthermore, SDI is taken into consideration as a remarkable contributor enabling the
increase of transparency in government activities and enhancement of public

participation. In this respect, SDI can be also defined as a mechanism playing the role
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as a fundamental component of open government movement and e-government

system.

On the other hand, an SDI comprises of many constituents such as hardware, software,
people, standards, organizations, digital geospatial resources, policies and so forth.
The proper working of SDI is associated with effective communication between
communities and agreements signed among organizations for better collaborative

business movement.

Another important matter is SDI assessment. According to Kumar and Jalia (2018),
“assessment is very crucial part of an activity to analyze the current status and
performance of an activity before taking any decision” (p. 4). The assessment has been

allocated into three sections following as (Kumar and Jailia, 2018):

1. Accountability Assessment (Recapitalization)
2. Development Assessment (Re-engineering)
3. Knowledge Assessment (Capacity Building)

The first assessment section is the focus of policy makers and managers for the
performance indicators, performance measures and evaluation. The second one
concentrates on carrying the measures out to the next level and additionally
recommendations for any changes or modifications about SDI development. The final
section is used to introduce new theories and implementations for the functionality

improvement. The Figure 5.7 represents the flow assessment of SDI.
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Figure 5.7 : The flow assessment of SDI (Kumar and Jailia, 2018).

At different geographic scales, there are a variety of spatial data infrastructures built
up around the world. Global Earth Observation Systems of Systems can be given as
an example for global scale. It consists of shared environmental data by more than 70

countries. Infrastructure for Spatial Information in Europe (INSPIRE) is an example

85



of SDI at continental scale. It composes of the shared geospatial information between
public organizations throughout Europe. Moreover, many countries such as U.S.,
China, Australia, Malaysia, Japan and more have their own national SDIs. Tennessee
GIS portal is also an example of state level SDI. In addition, New York Open City
Data portal can be shown as an example for city level SDI. Apart from aforementioned
SDI types, some of them may be devoted for more specific domains such as public

health, disaster response or climate change (Hu and Li, 2017).

5.3 I-SCOPE Projects

These projects target to design more understandable and effective smart city models
including a pervasive service capacity and realistic representation of urban
environment by being benefitted from the merits of urban information models (Amicis
et al., 2012). These projects are being carried out within the body of European Union
by the support of devoted investments as an economic resource. Using of urban
information models within I-SCOPE projects has several important reasons follows

as.

e To provide better decision-making ability on issues about city management,
urban planning, energy consumption and environmental protection on the basis
of urban morphology and pattern.

e To consolidate the participation of various groups across the society via
services informing about the hampers at city level.

e To incorporate more citizens into the process of geo-referenced information

collection around the city depending on location-based services.

According to the phenomena of I-SCOPE, it is planned to integrate the real and virtual
form of city which composes of ubiquitous and pervasive services for enhanced
inclusion, mobility and energy efficiency. Such a that co-existed structure comprised
of real and virtual forms of city procures the fundamentals of a new articulated
ecosystem in which urban life is strongly connected with urban level IT services. This
means the birth of hybrid city. I-SCOPE is interested in the creation of humane cities
where a user-driven approach as an open-innovation comes into forefront in tackling
issues related to city from the view of the social and environmental domain. The basic
factor triggering a true user-driven innovation is simply the rapid development of
technology. To this end, I-SCOPE puts in effort to dramatically enlarge the user-driven
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innovation by paying much attention to the involvement of whom are citizens, public
officers, decision-makers, administrators, high-tech entrepreneurs since the beginning
of projects. The projects progressing in this way is carried out within three main

research areas (Amicis et al. 2012):

1. Inclusive routing for the facilitation corresponding to personal mobility of
differently-abled citizens.

2. Solar impact analysis for the promotion about energy conservation planning
policies.

3. Crowdsourced environmental monitoring for being able to use citizens and IT

devices as distributed active sensors providing environmental information.

Besides, I-SCOPE aims to deliver an open source toolkit based on 3D urban
information models, built up according to the basics of service-oriented architecture
model and based on utilize of open standards within the scope of Open Geospatial
Consortium (OGC). The toolkit is capable of the 3D urban information model creation
in the light of the OGC standard City GML by using raw data such as surface or terrain
models. The open source toolkit enables several important services for the city
management scenarios with the help of 3D urban information model. Noise mapping
and simulation, energy dispersion and solar energy potential assessment, improved

inclusion and personal mobility of elderly people are examples of them.

Furthermore, to give examples with the intention of introducing the enriched
innovative features of I-SCOPE, some smart routing service elements can be clarified
follows as:

e Automatic map-descriptions in words.

e Information corresponding to the surrounding.

e Maps including larger fonts and mouse over acoustic descriptions.

¢ Navigation functionalities based on landmark descriptions.

e Offering a simple button to invoke the “where I am?” function consisting of
additional descriptions about targeted places surrounding to people with

reduced orientation skills.
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6. EVALUATION OF INTERNATIONAL SMART CITY PROJECTS

With the advancement of technology and rapid growth in population, the movement
from traditional cities to smart cities has been drastically speed up. Lots of
governments are dwelt upon how fast they will be able to complete the digital and
innovative transformation of their cities. Despite the smart city concept is a synthesis
of different characteristic aspects (smart mobility, smart economy, smart people, smart
environment, smart living and smart governance), many ongoing smart projects are
just focused on some particular aspects of this broad concept. In this context, there are
manifold sample studies that pay attention to smart phenomena at small scale in
different regions of the world.

In Oss (Netherlands), the lines of N329 highway has been drawn by a new technology
which enables the storage of solar energy during day time and then, using it for the
illumination of highway at night till ten hours without extra energy need. The shiny
color of highway lines provides an additional alert support for drivers against traffic
accidents. Hence, this technology contributes reducing the energy waste and assuring
a more secure transport. The addressed smart project is come into prominence with the

aspects of smart environment, smart mobility and relatively smart economy.

In San Francisco (United States), the using way of smart networks is attracted the
attention as a desired model in the world. It is already known that United States is one
of the best countries applying the smart network technology in the world. The
employment in energy area has increased up to 130 percent in United States thanks to
the technologies of smart network throughout the last ten years. In this regard, the
reason of what San Francisco is indicated as a model in applying of smart network
technology is the efficiently using of controllable smart street lights in terms of the
time and amount of illumination. Meanwhile, the amount of electricity that San
Francisco needs can be provided by renewable energy sources and this rate is almost
the half of general need, is 41 percent. When this smart project is scrutinized from the

point of smart city characteristics, the aspect of smart environment is highly drawn the
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attention owing to the contribution to energy conservation. The aspect of smart
economy may be relatively considered within the scope of advantages of this smart

project because of its energy productivity.

Smart Santander (Spain) project is resembled a giant lab consisting of myriad cameras,
devices and sensors deployed at different points of the city, that captures data in
various domains corresponding to the urban life cycle. These data domains can be
expressed in wide range from traffic congestion to vehicle movements, from the rate
of humidity and heat in the air to the amount of air pollution and nitric acid and so
forth. All data collected are conveyed to a robotic data center and then, it is processed
for analysis. All people residing in Santander are able to access whole urban
information being provided by this smart system to be aware of current circumstances
about the city by using a smartphone application which is freely downloadable. The
essential idea on that is to allow ubiquitous access opportunities to all citizens for better
service. In the light of attained data about urban environment, the city managers and
other stakeholders which have important positions in the city management at different
scales are able to immediately take precautions associated with the different urban
situations seeming necessary and urgent (Url-11). It can be said that the coverage of
Smart Santander is more comprehensive compared to the majority of other smart
models. It is primarily in the relationship with smart environment, smart mobility and

smart governance and partially with others in terms of smart city characteristics.

Another smart project is a smart water technology in Columbia district of United
States. This technology has been enabled 7 percent profit in incomes after the
involvement of smart meters into the coverage of smart services. Besides, this
technology has been offered a significant reduction in costs as far as from 4.15 dollars
to less than 1 dollar per meter. Whereby the automatic meter readings; the complaint
calls that companies expose to, have been diminished 50 percent and also the calls
made to calling centers have been fallen to 36 percent. This is the most remarkable
indicator of how much people have satisfied because of smart technology. Besides,
106 liters fuel conservation per year has been accomplished thanks to falling in the
number of vehicles carrying the staff commissioned for meter readings. The relevant

smart project is more oriented to smart environment and smart economy.

In Hong Kong (China), one of the most stringent conditions is belonged to the

transportation. Being transported of over 12 million passengers through one of the
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most sophisticated transportation networks, which has 2086 km distance, around the
world in Hong Kong per day result into that transportation phenomena is the most
emergent problem needs to be solved in the city. To this end; the smart routing service,
the road traffic information service and the smart road network can be taken into
account as the developed solutions for transportation problem (Url-11). According to
the analysis of corresponding smart city projects in Hong Kong based on smart city

characteristics, it is apparent that they have been built up for smart mobility.

According to the results of smart city studies in Groningen (Netherlands), the
Groningen Municipality has been announced to make savings as 92 000 euros thanks
to sending message of rubbish bins when they were entirely full. The garbage trucks
are merely departed from their stations in the direction of coming messages from
rubbish bins around the city. This is substantially enabled savings about the labor and

fuel costs. The main focuses of this project are smart economy and smart environment.

In Barcelona (Spain), an innovative bus transportation system allowing the energy and
time savings has been designed with the purpose of smart mobility. The bus lines have
been reorganized and the arrival information boards informing passengers about
locations of buses have been placed at bus stations. The traffic lights are turned into
green when the buses get closer. The times of shuttles have been abridged.

In Leeds (United Kingdom), the studies are being conducted for performing the
restoration and maintenance operations of street lights by using remote controllable
drones with robotic arms. Apart from this, a special robot is also being devised in order
to repair underground pipelines and cables of the city. These smart city techniques lead
to minimize the time waste and energy consumption and to procure labor savings.

Therefore, the project is mainly contributed to smart economy.

In Santa Cruz (United States), a smart system analyzing the police records has been
developed so as to enable an instant inspection for the identification of security need
depending on the city. Hence, the specified places including security gaps are able to
be reinforced by additional security forces in necessary times. The situations when are
needed to gear up or vehicle support can be efficiently managed. At the same time,
this advantageous smart system has allowed to reduce the security costs. It may be
stated in the light of given information that smart governance and partially smart

economy are supported by this smart city project.
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An eco-city which has been built up in a suburb of Tokio is emitted zero carbon
dioxide. In across the city, highly productive devices are used for diminishing the
electricity consumption. Additionally, 100 percent LED bulbs are used for building
and street illumination. The getting warm or cold of buildings, as well as the operation
of laundry machines, are able to be automatically arranged toward weather conditions.
This example directly supports smart environment.

Within the operation scope of Songdo City Management System in South Korea; there
are an energy transfer from regions with low consumption to the regions with high
consumption, keeping away the public transport vehicles from the routes with traffic
congestion; if there is excessive trash piled up in a certain region, the garbage trucks
are directed to that region not depending on their routine program. The
abovementioned services are principally focused on smart environment, smart

economy, smart mobility and smart governance.

In Los Angeles (United States); the stoppage times of 35 percent, the latencies at
junctions of 20 percent, the transportation time of 13 percent, the consumed fuel
amount of 12,5 percent and the emission of 10 percent has been decreased by using
the automated traffic control and surveillance system. The investment that has 9,8/1
benefit cost ratio has been made up its own total cost in one year (Aksogan and Duman,
2019). The smart city project is mainly effective on smart economy, smart environment

and smart mobility.

Another example is the use of Oyster Cards that are able to be matched with credit
cards allowing contactless interaction at public transport stations in London. In this
way, the Oyster Card users can effortlessly make their transactions without waiting in

a line. This example is more oriented to smart living, smart people and smart mobility.

In a hospital operating in Boston (United States), the special surveillance devices that
is able to be used at home has been delivered to 3000 patients suffering from heart
failure. The information of patients related to tension, weight and others has been
properly sent to the hospital at particular time intervals. The software developed for
these special surveillance devices is able to be warned corresponding medical
authorities in the case of immediate treatment for patient. Therefore, just only 3 nurses
have been enough for taking care of 250 patients, the applications for treatment at the

hospital depending on relevant patients have been reduced 44 percent and more than
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10 million dollars has been saved. Boston example is more about smart living, smart

governance and relatively smart economy.

According to the pilot study conducted at four schools in North Portugal, it has been
tried to be taught the curriculum to a group of students who were 12-13 ages by a
simulation method. The results have been showed that the relevant group of students
has become more successful than others by 20 percent (Sarabando et al., 2014). The

aforementioned study is straightforwardly concerned with smart living.

In Amsterdam (Netherlands), the translation service has been presented for tourists by
means of beacons which are a kind of interaction technology using Bluetooth based on
location. By this means, the crowd can be intelligently manipulated across the city
(Walravens, 2015). This smart city project may directly be an example of smart

governance.

According to the general evaluation of international smart city projects across the
world, it seems that there are several insufficient sides of the projects not satisfying
the smart city characteristics. On the other hand, 3D modelling and visualization is
simply shown as the most remarkable deficiency about the projects. The smart city
modelling which meets the requirements in an expected manner is directly depending
on the elimination of these problems. The future studies should be mostly conducted

in this direction.
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7. EVALUATION OF SMART CITY PROJECTS IN TURKEY

Although the smart city projects have been newly begun to be operated across Turkey,
the transition to the application stage has been quite fast because of the increased
needs. Researches in Turkey have shown that smart city applications allowed some
important benefits such as contributing to the gross domestic product as 25-30
quadrillion Turkish liras per year, providing energy savings by 20 percent and
compensating of millions of hours wasted in roads due to traffic jamming (Aksogan
and Duman, 2019). Unfortunately; despite there is no a comprehensive project which
covers all smart city characteristics in Turkey, there are manifold examples operated
or about to be operated in different cities.

Istanbul IT and Smart City Technologies established by Istanbul Metropolitan
Municipality with the intent of planning of the operation of application services by
traffic-system engineering in 1986 has been initiated the first signalization system of
Turkey, as well as more many novel services making easier the urban life. There are
three the electricity generation center from the landfill gas in Hasdal, Kemerburgaz-
Odayeri and Sile-Komirctioda. The landfill gas formed resulting from the rotting of
household wastes are stored in dug wells at household waste collection centers. Then,
this gas is transferred to the gas collectors via a special vacuum. The collected gas is
exposed to particular processes for the refinement. Firstly, the refined gas is converted
into the mechanic energy by being burnt in internal combustion engines, afterwards
converted into the electricity energy. By this means, the electricity need of 300.000
homes are annually provided. When taking into consideration the basic smart city
characteristics, the abovementioned projects support smart mobility, smart

environment and smart economy.

The automatic traffic control, management and synchronization system has been
implemented at 23 different points on the part, which is 6,5 km, of Bursa City Square-
Heykel-T1 tramline in order to enable the right of way to the tramway. When the

tramway comes to the relevant tramline part, the system automatically send red-light
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signals to all traffic lights placed at roads coinciding with the tramline. This project
can be shown as an example to smart mobility in Turkey.

The contactless card filling and ticket sale machines are provided the time savings for
passengers in Bursa. So, the citizens can more swiftly reach to their destinations in the
city without much time loss. This smart city application has been brought the flexibility

to dynamic urban structure in terms of smart mobility.

At the mud burning and power plant facility with fluidized bed in Bursa, the mud is
burnt in the way of being minimized as much as possible the negative effects on the
nature and being abided by all environmental restrictions so as to obtain the energy.
The overall 96 tones solid materials are able to be burnt as couple of sessions per day
at the facility. The ashes risen from the operations of burning are used as raw material
for asphalt production and at concrete facilities. The mud is entirely exterminated
thanks to the transfer of ashes to these facilities. The part as 1 MW of generated
electricity is used to provide the electricity need of this facility, the rest of it is used
for the needs of waste water treatment facility incorporating the facility where the mud

is burnt. This project promotes smart environment and smart economy.

Eskisehir Tepebasi Municipality has been found a solution for the water problem by
utilizing solar energy panels. The solar energy generated by means of deployed panels
at suitable points is preserved in batteries. Then, this energy is used to operate the
water pomp and the water engine. On the other hand, the placing of free charge stations
at different sites of Tepebasi District is another remarkable service in the course of the
transition to smart city applications. The charge stations which supply its own energy
requirement from the solar energy are delivered the service for citizens during the day.
In this context, the happiest group is the students because of this service. They are
mostly benefitted from these stations for charging their tablets and mobile phones
without any fee. These addressed projects are interested with smart environment and

smart economy.

Konya Metropolitan Municipality is used the traffic control center to manipulate the
traffic flow, especially, at critic points such as crowded junctions. Thanks to using this
system, the stoppage times at junctions has been reduced by 18 percent. Therefore, 1
million liters’ fuel can be saved in a year. This project is an important example to smart

mobility and partially smart economy.
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Some smart applications have been started to be operated in charge of VVodafone in
Yalova. These ones are the smart illumination which allows being remotely controlled
of park lights according to the need, the smart watering which enables remote control
and resource savings in watering operations and the smart garbage which provides the
remote tracking of dustbins. The aforementioned smart applications are covered smart

environment, smart economy and smart governance.

In order that the citizens can more readily report their requests to the management
units, The Mukhtar Information System has been made operative in the overall of
Turkey. The solving of problems in the direction of citizen’s demands had taken lots
of time before the establishment of an interactive platform like The Mukhtar
Information System making connection among municipalities and mukhtars. The time
interval being necessary to take constructive steps for the solution has been quite
abridged whereby this governance system that allows more efficient interaction
between the relevant units. Thus, it has been assured that the reporting and tracking of
complaints and requests getting from citizens by mukhtars in mobile platform as
online, being given an information about the results via e-mail or text messages, being
able to be automatically done the conveyance processes to the municipalities and,
being made definition and documentation of the solution processes by municipalities.
With this system, it has been created a platform that the requests and complaints can
be electronically recorded by mukhtars and can be tracking by one center (Url-11).

The system is a good example for smart governance.

Battalgazi Municipality Building in Malatya has been designed as a green building
producing own electricity and hot water. Additionally, the building can be stored rain
and snow waters for using in the watering operations. The solar panels deployed on
building’s roof is generated 327.000 KW electricity and by this means, 840 tones
carbon dioxide gas emission is eliminated. In the city, electricity can be also generated
through the landfill gas. According to the statistics, 3 MW electricity is annually
generated in the landfill gas power plant constructed in 2014. In this way, the
municipality earns 3 million Turkish liras. In 2015, the “Trambiis Project” that
promotes the less fuel consumption than the vehicles using fossil fuel and, zero carbon
monoxide emission has been made operative. In this way, the more comfortable
transportation has been provided by being transported more 3 times of passengers than

that the standard buses were able to be transported. Besides, the solar panels built up
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on the roof of Trambis Maintenance Station are used in the electricity generation and
in this way, the needs of facility are met. The rest of energy is transferred to the
Trambdis line. Ultimately, Malatya Metropolitan Municipality has been established 6
different bicycle stations in where the citizens can be rented the bicycles, at different
sites of the city with the intent of inducing the bicycle riding in urban life. The main
purpose is to highlight the importance of riding a bicycle in terms of having a cleaner
environment and being healthier. The abovementioned smart city projects that are
being operated in Malatya generally focus on smart environment, smart economy,

smart mobility and smart living (Aksogan and Duman, 2019).

According to the evaluation of smart city projects in Turkey, whole projects have been
confined at small scale compared to the smart city characteristics. The coverage of
these projects must be extended in a way that includes all smart city characteristics for
urban activities. Moreover, another major problem is that none of them include 3D
urban modelling within the scope of smart city concept. As in international projects,

the studies in Turkey should also be carried out to solve these problems.
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8. CONCLUSIONS AND RECOMMENDATIONS

The concept of smart city is one of the most common trends drawing the attention in
the information age when we live. There are numerous causes making smart cities
remarkable. Examples of these causes are the difficulties experienced in the
management of metropolitan cities, which are composed of many important
components, the increasing complexity of urban life, the increase in people's
expectations and needs, and the serious problems caused by environmental pollution.
When taking into account urban needs and expectations related to the modern age we
live, some important recommendations and future works that will enable a better

understanding of smart city vision and smart city concept can be listed follows as:

Despite the concept of smart city is a general term, its application way in different
cities will be different since each city has own dynamics and characteristic properties.
Before starting the application processes related to smart city projects, these dynamics
and characteristic properties should be distinctively specified. Therefore, the planning
of smart city projects will be done in the harmony with urban fabric. Each city
management council should take a step in the light of a determined guideline by being

considered relevant aspects connected with the urban area.

The core of the smart city concept is human, in other words citizens who reside in the
urban area. This point should never be ignored and all steps that need to be taken
should be supportive for citizen participation. The needs and complaints of them
should be meticulously examined. In this context, the officials of city management
units can take a poll over the websites of municipalities or other relevant organizations.
The main idea must be to reach as much as possible more citizens through different

studies so as to discover their demands.

Another core matter about smart city projects is to assure the maximum peoples’
utilization from smart services. These services which are made operative should not
just be oriented to a particular group in urban population. The service coverage must

have a broad structure in the way of which all citizens including ones who have
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different cultural norms and assets, elderly people, disabled people, children, young
and adult people have equal opportunity in benefitting from the smart services.
Because the rate of utilization of a service indicates the degree of that service’s quality.
In this regard, various representations or applications transformed into more funny and
attractive forms via some gamification techniques can be helpful for a faster and easier
adaptation of people.

The establishment of a spatial data infrastructure in the way of meeting the
requirements is quite important. As it is known, spatial data is fundamental for smart
city systems. The solving of inconsistencies regarding spatial data and providing data
integrity is possible by spatial data infrastructures. In this regard, the main issues of
spatial data infrastructures must be urgently solved. Because one of the basic missions
of spatial data infrastructures is to ensure the spatial data standardization and
integration with the intent of providing a proper framework for futuristic projects that
are at organizational, regional, national and global scales. According to the researches
about these issues, it highlights that most of them emerge during the data integration
process. At the same time, this is nontrivial task and geomatics engineers have
significant responsibilities related to this subject. The relevant issues have been
displayed in two groups as technical and non-technical issues in the Table 8.1.

Table 8.1 : Data integration issues (Williamson et al., 2010).

TECHNICAL ISSUES NONTECHNICAL ISSUES
INSTITUTIONAL ISSUES POLICY ISSUES LEGAL ISSUES SOCIAL ISSUES
Computational heterogeneity (standards and Existence of sup- Definition of rights, Cultural issues
interoperability) porting legislation restrictions, and Weakness of
Maintenance of vertical topology Consistency in responsibilities capacity-building
Semantic heterogeneity policy drivers and Consistency in activities

: priorities (sustain- copyright and intel- Different back:
Reference system and scale consistency able development) lectual property grounds of
Data quality consistency Pricing rights approaches stakeholders
Existence and quality of metadata Different data

access and privacy

Format consistency policies

Consistency in data models

Attribution heterogeneity

Utilization of consistent collaboration models
Funding model differences

Awareness of data integration

An open platform covering all domains about smart city phenomena and allowing a

guideline for countries putting in effort to build up their own smart cities should be

created. All standards, basic tools, methods, techniques, data formats, software
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systems, the results of researches, especially the newest ones, and so forth can store
within the body of this platform which will be common. Also, this kind of a platform
will present the opportunity to have a broad data bank embodying a variety of
information associated with smart city phenomena on a global scale. Countries can
carry out their own smart city studies in faster and more efficient way by utilizing the
eases provided by this platform. A working environment based on collaboration,
participation and transparency should be formed. These kinds of developments will
allow for the faster progression of countries that are similar to each other thanks to the

following of international studies.

Before the planning of smart city services, 3D spatial city models that covers both
underground and above-ground features should be prepared in an easily
understandable and detailed manner. These models will provide to be properly familiar
to the topography of cities and to be accurately made spatial analyses about the urban
areas. The regions which have high energy consumption can be determined via these
models to produce more effective solution ways. On the other hand, the urban areas
which have an intense environment pollution can be marked by being made spatial
analyses over the models in digital form. The more important point about these models
in this context is that they can allow for more accurate detection of deployment places
of devices and other tools which will enable to be operated the smart city services as a
result of spatial analysis, queries and environmental impact assessments. Moreover;
the maintenance operations associated with a city infrastructure or the existing
situation assessment of pipelines, cables and channels can be done by being benefitted
from the models and so, some possible accidents can be blocked whilst the application

of new projects.

The impact of smart city services on people in terms of the satisfaction should be
investigated in particular times via questionnaires on various official websites. The
results should be diligently analyzed to see if citizens have satisfied. Also, citizen’s
propositions are quite important. The city managers should pay attention to these
propositions and complaints about smart services in order to plan more useful,

practical and efficient smart city systems.

The election of city managers is another important matter. The managers should be
elected among people who have an international proficiency. So, they can more

actively take part in the international meetings about the city management and smart
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cities. They must have the conscious of that the people who do not follow the current
developments and innovations will never perform the requirements of the smart city
vision. The vision of cities should be planned according to the current parameters of
the modern age and the values of the future by being considered the results reached in

the light of international or national meetings associated with the smart cities.

In the transition process to smart cities, it should be paid attention to that the
corresponding officials related to all stakeholders playing a role in the establishment
of smart cities are in the planning and application crews. The concept of smart city is
an extensive subject embodied a variety of urban application domains. Being able to
carry out a study which is suitable for smart city vision is depending on the transfer of
this extensive context to the application site with a high attention. Geomatics
engineers, civil engineers, architects, urban and regional planners, academicians,
researchers, computer engineers, software engineers and so forth play an active role at
this point. The participation of all stakeholders should be provided to be able to make

healthy common decisions.

The studies about smart cities across the world should be scrutinized with their pros
and cons to understand which approaches have been adopted by different city
management units in the world. This kind of an investigation will play a key role as a

guideline for new projects which will be commenced.

The electing of city managers should be done by taking into account the degree of their
capabilities corresponding to the effective planning and raw material process. To
measure this, some extraordinary and funny methods can be applied. For example,
some games like Sim City and Cities Skylines that are based on city planning and
management approach can be used to inspect the decisions of manager candidates in
terms of consistency, effectiveness, designing, planning, creativity and problem
solving (Url-12). In this way, some suggestive results about the manager candidates,
even if they are not entirely definite, can be attained.

The city communities consist of various groups who have different skills from each
other. To this end, the novel approaches should be developed for enabling a high
utilization from smart services by being taken into consideration the relationships of
these groups with technology. Different preparations can be made in order that

different groups of people are able to consciously benefit from smart services in any
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case. The relevant groups can be expressed as children, young people, adults, elderly
people, disabled people or people with various education levels. In this context; the
special broadcasts in similar to cartoons for children, short and informative videos,

attractive pamphlets or educative representations may be offered.

One of the most important topics is also the cybersecurity. As it is known, the smart
cities contain numerous hardware and software systems. There are many databases
that stored the sensitive and important information corresponding to users in these
systems. Users naturally want to take a guarantee regarding the protection of their
privacy. Therefore, the privacy and information security should be strictly guaranteed
for all users. On the other hand, stringent precautions should be taken against the
attackers. The vulnerability of a smart city system is equal to the sum of vulnerabilities
of devices and tools within that smart city system. Especially, the smartphones are the
most serious contact point in this regard, since lots of smart city application are used
via mobile platforms. A malicious software uploaded on an unsuspected smartphone
by the attacker may result in the crippling of whole system. This case may cause
serious drawbacks over the life-cycle of cities. Attackers who aim to gain access to the
main server may lead to take place perilous consequences having huge impacts on all
smart city systems. On the other hand, the attackers may simultaneously commence
multiple attacks called Botnet on the smart network by infecting the malicious software
to multiple smartphones. The situation like this can also trigger the collapse of the
smart city systems. Apart from this, the sensitive information about users may be
stolen by being used of spywares. These kinds of information stolen by attackers may
turn into very hazardous weapons descending upon people’s life like a nightmare. The
most critical smartphone vulnerabilities are malicious smartphone applications,
botnets, location and GPS, spywares, threats from social media, unsecured Wi-Fi and
Bluetooth connections and finally the Internet. Particularly, citizens should be
informed about possible threats and processes that need to be avoided.

Principally in Turkey, the mentality of municipalism needs changing. An approach
which is far from the politic conflicts and discriminations should be adopted. Thus, the
high productivity and continuity will ensure for the upcoming studies and projects.
Meanwhile, this situation will lead to a national and holistic progression.

The evaluation of international smart city projects around the world has been shown

in the Table 8.2 and the evaluation of smart city projects in Turkey has been shown in
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the Table 8.3. According to tables, it can be said that there are important problems
about application stage of smart city models. The models generated around the world
and in Turkey can not wholly satisfy the smart city characteristics. It seems that the
projects are mostly focused on economy, mobility and environment. Besides, the
subject of 3D modelling and visualization has been ignored. In the direction of solving
these problems, geomatics engineers have to take on more responsibilities. Sharing
and updating of spatial data, developing common standards for data integration,
making analysis of existing projects to determine the major bottlenecks of 3D
modelling and visualization in smart cities and developing new methods that provide
producing the high quality smart city models with 3D modelling and visualization
should be the mission of geomatics engineers oriented to the future development of
smart city modelling. To this end, it can be said that 3D GIS, BIM and CityGML are
primary drivers about 3D modelling and visualization. BIM presents an enriched
context for building modelling and it can be used within the scope of smart building
management thanks to this feature. Even if 3D GIS offers different visualization
opportunities for urban modelling, GIS can be mostly evaluated as an important tool
for making spatial analysis and queries to solve various urbanization problems. On the
other hand, CityGML seems as a more effective and preferable software in the urban
modelling area. It has different levels of detail to be represented an urban fabric in
more realistic manner. Apart from this, it can be said that there is an extension in the
vertical dimension in big cities because urban lands cannot response to the rapid
growth of the urban population. This situation results in the overlapping of different
rights and using purposes, associated with different building parts. Therefore, it arises
some challenges in cadastral meaning, at the same time, affecting the operational
performance of smart cities in terms of smart governance and smart economy. Not to
allow this, it should also be given weight to the development of 3D cadaster within the
studies carrying out to visualize the urban places. At least, 3D cadaster will accurately
ensure the determination of building parts which have different using purposes in
complicated areas such as commercial complex, shopping center, bazaar and so forth.
Moreover, it will offer a better registration system that meets 3D space requirements.
Because traditional cadaster is inadequate in the definition of multilayered structure of
modern constructions in big cities. A 3D cadaster system working in an efficient
manner will have crucial importance in smart management of real estate, smart land

valuation and so forming of a real estate market that reflects the realities.
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As it is seen in the Figure 4.8, the concept of smart cities needs multiple data resources
to be able to serve for urban requirements in an expected way. This means that meeting
the needs of single or some city service areas without focusing on all of them would
definitely be insufficient for the building of a smart city model that is suitable for the
smart cities' vision. The situation that appears in the Table 8.2 and 8.3 results from this
issue. To this end, geomatics engineers should collaboratively work with other

responsible disciplines.

Smart city systems include different service groups. One of the important service
groups which must consider in this context is spatial services. According to the Figure
4.8; transport and mobility, infrastructure, built environment, geo-spatial, natural
environment and water reveal the spatial services which contribute to the urban
development and the sum of these services corresponds to 37 percent in the general
service pool. Moreover, Table 5.2 indicates environmental phenomena with spatial
dimension. When these data sources take into account, the importance of spatial
services comprehends better within the scope of the smart city concept. Therefore, the
more efficient integration of corresponding service groups into smart city applications
and the development of them in the direction of sustainable development vision are
necessary.

In the light of the Table 8.2, it seems that smart economy comes into prominence at
international scale when compared to other smart city characteristics. There are diverse
reasons of this situation. The most important reasons are the economic interests of
governments and their efforts to acquire a better place in competitive international
market. Also, rapid urbanization means lots of expenditures and over resource
consumption. This situation, seeming as unpreventable nowadays, makes anxious
many governments around the world. Therefore, the concept of smart cities is also
interpreted as the better controllable and manageable city models without over
resource waste. Other the most applied smart city characteristics are smart
environment and smart mobility. The irregular increase in the urbanization rate is
being triggered the destruction of natural lands and natural balance. The rapid
concretion breaks the relationship between human and nature. The studies regarding

the smart environment have serious importance in terms of this.
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Table 8.2 : The evaluation of international smart city projects.

International Smart City

SMART CITY CHARACTERISTICS

Prjects Smart Smart Smart Smart Smart Smart 3D Visualization
Economy People Living Governance Mobility Environment
Tokio (Japan) NO NO NO NO NO YES NO
Barcelona (Spain) NO NO NO NO YES NO NO
Hong Kong (China) NO NO NO NO YES NO NO
Amsterdam (Netherlands) NO NO NO YES NO NO NO
North Portugal NO NO YES NO NO NO NO
Leeds (U.K.) YES NO NO NO NO NO NO
Columbia (U.S) YES NO NO NO NO YES NO
Groningen (Netherlands) YES NO NO NO NO YES NO
San Francisco (U.S.) YES NO NO NO NO YES NO
Santa Cruz (U.S.) YES NO NO YES NO NO NO
Los Angeles (U.S.) YES NO NO NO YES YES NO
Oss (Netherlands) YES NO NO NO YES YES NO
London (U.K)) NO YES YES NO YES NO NO
Boston (U.S.) YES NO YES YES NO NO NO
Songdo City (South Korea) YES NO NO YES YES YES NO
Smart Santander (Spain) YES YES YES YES YES YES NO
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Table 8.3 : The evaluation of smart city projects in Turkey.

SMART CITY CHARACTERISTICS

Smart City Projects In Turkey | Smart Smart Smart Smart Smart Smart 3D Visualization
Economy People Living Governance Mobility Environment
The Mukhtar Information Sys. NO NO NO YES NO NO NO
Eskigehir YES NO NO NO NO YES NO
Konya YES NO NO NO YES NO NO
Istanbul YES NO NO NO YES YES NO
Bursa YES NO NO NO YES YES NO
Yalova YES NO NO YES NO YES NO
Malatya YES NO YES NO YES YES NO
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According to the evaluation of smart city projects around the world, it has also been
seemed that the subject of smart mobility has substantially been included into smart
city applications. The increased population density results in arising numerous
negative factors affecting the quality of urban life. In this context, one of the most
affected factors is transportation. Smart projects are being developed by governments
in order to be able to overcome the problems associated with transportation. The
studies carrying out have enabled that transportation came into prominence. On the
other hand, other smart city characteristics need to be developed more. 3D urban
models that produced according to the needs must be integrated into these

aforementioned studies.

According to the Table 8.3, the existing situation in Turkey is more or less same.
Whereas smart economy is the most supported feature, smart environment and smart
mobility follow it. Like within the international smart city projects, the matter of 3D
modelling and visualization attracts attention as the most explicit absence. Smart city
studies must be pursued to complete corresponding deficiencies in the direction of

smart cities’ vision.

When the smart city studies around the world examine, it has seen that economical
expectations were primary, the concept of human was not come into prominence, more
handling of the studies providing flexible mobility in an urban environment, the studies
regarding the smart cities were solely associated with environmental protection and
the matter of 3D modelling — visualization was not included the scope of studies. This
case is same for Turkey as well. The smart city model which has been shown in Figure
8.1 has been developed within the scope of this thesis by being considered the afore-

mentioned deficiencies.

According to the developed smart city model; the emerged activities in the domains of
smart economy, smart people, smart living, smart environment and smart governance
called as smart city characteristics should be considered as a whole and should be
incorporated into the body of smart city systems with this approach. Like in the studies
which conduct across the world, the studies which generally focus on a single aim are
not suitable for the general definition of smart city concept. These studies may evaluate
as concrete and forward-looking steps that benefit from the advanced technology in

the direction of smart cities’ creation.
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PROPOSED SMART CITY MODEL
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Figure 8.1 : Proposed smart city model (It has been developed based on the schema of European Investment Bank Institute).
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The results of these steps must be turned into service groups that have a holistic and
systematic working mechanism by blending with other activities. The matter of 3D
modelling — visualization in smart cities must handle in a similar way. All activities
which are indicated in the Figure 8.1 must visualize in an understandable manner for
smart city users (including different age categories, people with different proficiency
levels, decision makers etc.). The aim at this point should not be the singular spatial
visualization of activities among themselves but should be the spatial visualization of
the holistic system composed of the integration of these activities. Spatial
(cartographic) visualization that is handled within the context of scientific
visualization is inadequate in visualizing whole indicated activities. That’s why the

theoretical structure of smart city — 3D visualization relationship should be improved.

According to the author in light of the research and the examinations that have made,
a smart city model that will be planned should not be considered independently of 3D
modelling and visualization. However, the remarkable point is merely not that being
presented the construction state in urban areas or the urbanization in a visual form via
modelling. Phenomenons associated with the human that have a centred role for smart
cities and different acts scrutinizing under smart city characteristics needs to be
included in spatial models in an suitable way according to cartographic methods. In
this context, spatial visualization, as well as it includes underground and above-ground
structures, must be able to visualize the phenomena associated with human or acts,
based on the location by using cartographic methods. Factors like the number of
children or disabled people in a family, the number of unemployed people in a
building, the number of people who have a criminal record in a building, the ethnic
distribution of a region or the distribution of elderly people population can be
evaluated within the scope of spatial visualization. The matter of time should not be
ignored during these processes. The values should be updated in particular time
intervals and the changes should be examined. Smart city models that will be created
by being integrated the technological components with a 3D modelling and
visualization form that defined in this way will offer more effective city management

and more efficient service distribution in every sense
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