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ANALYSIS OF FRAMEWORK FOR BUILDING A SMART CITY
THROUGH THE IMPLEMENTATION
OF A SMART BUS STOP PROJECT

This article discusses the concept of a "smart city" as a general vector for further socioeco-
nomic development of cities that can lead to a qualitatively new level of life of population along with
the improvement of approaches to urban management on Kazakhstan example. The authors discuss
the "smart city" concept construction through the implementation of "intelligent transport” and
"smart bus stop " projects. The issues of economic efficiency, social significance, the importance of
algorithms development for electronic self-service machines ("smart bus stop" element) are dis-
cussed. The application of the developed model in electronic self-service machines while imple-
menting the "smart bus stop"” project has also been considered.
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Anim H. Xawmiros, 3aripa 1. Ickakosa, I'ana JI. Xamitoa
AHAJII3 KOHUEMNLII IIOBYI0BU «<PO3YMHOI'O MICTA»
YEPE3 PEAJIIBAILIIO ITPOEKTY «PO3YMHA 3YIIMHKA»

Y cmammi poseasnymo nonsamms «po3ymue mMicno» 5K 2eHepaibHull 6eKnop nooaibulo2o
COUiAAbHO-CKOHOMIMHO020 PO3GUMKY MICM, 30aMHUll CHPUSMU CIMEOPEHHIO AKICHO H06020 DiGH:
HCUMMSL HACEACHHS 3a 6I0N06I0H020 600CKOHANCHHA NIOX00i8 00 MICbK020 YNPAGAIHHA HA NpU-
kaa0i Kazaxcmarny. O62060peno numanns no6yooeu Konuenuii «<po3ymnoz20 micma» 4epes peaai-
3auiro npoexmie «po3yMHUI MPAHcnopm» i «po3yMHi 3ynunkuw». Po3easnymo numanns 3acmocy-
GAHHA MOO0eAl 6 eAeKMPOHHUX AGMOMAMAX CAMO0OCAY208Y6AHHA NPU peasizauii npoexmy
«PO3YMHA 3YNUHK@>.

Karouosi croea: «pozymue micmo»; «po3ymMHa 3yRUHKA»; YAPAGAIHHS MICIOM; AAOPUMM MAapUi-
pymusayii; eneKmpoHHe camoodcay208y8anHsI,; 102iCMUKA.
Puc. 3. Taba. 1. Jlim. 12.

Amm H. Xamuros, 3arupa JI. Mckakosa, Ians JI. XamuroBa
AHAJIN3 KOHLEIIINA IIOCTPOEHUS «YMHOI'O TOPOJA»
YEPE3 PEAJIN3AIIUIO ITPOEKTA «YMHAS OCTAHOBKA»

B cmamve paccmompeno nonsmue «yMHbLi 20p00» KK 2eHEPAAbHbLIL 6eKMOp 0aabHelue20
COUUAAbHO-IKOHOMUMECKO020 PA36UMUsL 20p0008, CHOCOOHDLIE CO0elicMeEosantv CO30aHUI0 Kave-
CIMBEHHO HOB020 YPOGHSL HCUSHU HACEACHUS HPU COOMEENICMEYIOUEM COBEPULCHCIMEO8ANHUN NOOX0-
008 K 20po0ckomy ynpaeaenuio Ha npumepe Kazaxcmana. Q6cyncoen eonpoc nocmpoenus Kon-
yenuuu «<yMHoO20 20po0a» 4epe3 peaiusauuio NPOeKnos «YMHbulil MPAHCHOPH U <YMHbLEe OCHIA-
HoeKw». Paccmompeno npumenenue mooeau 6 3.1eKMPOHHBIX AGMOMAMAX CAMOOGCAYHCUGAHUSA
npu peaiuzauuu npoeKma «yMHAsL OCMAHOBKA».

Karouesvle ca06a: «ymiblii 20p00»; <YMHASL OCMAHOBKA»; YAPABGACHUE 20PO0OM; AN0PUMM MAPUL-
DPYMU3auUiL; 31eKmpoHHOe CAMO0OCAYICUBAHUE; N0UCIUKA.

Introduction. At present the concept of creating a "smart city" in Kazakhstan is
very crucial, especially in anticipation of EXPO-2017 and while developing tourism
and urban infrastructure in general. In order to build "smart cities", the government
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has taken the basic model of European "smart cities" development based on the inter-
action of 6 characteristics where smart mobility and smart environment are on focus.
These characteristics include technologies such as high-tech city and intelligent
(smart) machines for residents.

Beside the basic functions of different systems which might be installed while
implementing the "smart city" concept, there are global problems which can be
solved:

1. Ensuring high quality of life through the use of new technologies, cost-effec-
tive, and environmentally friendly urban livelihood systems to provide a platform for
innovations and urban development in Kazakhstan.

2. Implementation of smart bus stop and smart transport projects as the main
direction of tourism development and improvement of lives of all segments of popu-
lation with the use of most advanced information and communication technologies
and innovations.

3. Implementation of innovative solutions based on "smart technologies".

4. Automatic data collection and storage as for socioecconomic development of a
particular city.

Kazakhstan takes measures on new technologies implementation and actualiz-
ing industrial and innovative projects in the region within the frame work of the
National Program of Forced Industrial and Innovative Development (1.08.2014,
#874). In general, it can be stated that today's innovative direction is implemented
through the Smart City concept in accordance with the approved plan on technolo-
gical filling, design of technological solutions in 6 directions, demands formation,
financial feasibility study of accepted technological solutions, and project integration
into the construction of "EXPO-2017" under the "smart city" principle.

Latest research and publications analysis. Smart city, its components and models
of its development were investigated by N. Komninos (2002), N. Odendaal (2003),
L. Torres et al. (2005), R.G. Hollands (2008), R. Giffinger et al. (2008), A. Caragliu
et al. (2009), K. Paskaleva (2009), A. Asin (2013). Different countries have tried to
apply various forms of intelligent systems in the fields of transport, medicine, envi-
ronment engineering, architecture, energy, infrastructure, I'T, education, security in
order to build smart cities. As the consequence, there is still no methodology or
unique list of principles of effective development and realization of this concept.
Moreover, many new tasks appear as diverse intelligent systems are proposed. This
article discusses the smart city concept construction through the implementation of
the "intelligent transport” and "smart bus stop" projects. The key task is finding the
solution to the problem of public transport routing and the development of transport
schemes for electronic self-service terminals.

The object of the research is the construction of smart cities based on the exam-
ple of intelligent systems application in transport.

The goal of the article is to develop an economically effective algorithm for pub-
lic transport routing, transport scheme, useful and appropriate demonstration of ana-
lyzed data on electronic self-service machines on bus stops.

Key research findings. One of the main directions in the development of intelli-
gent systems concept is the implementation of smart bus stop project through the
changing the current bus stops to the "smart" ones. The authors propose the model of
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a new intelligent bus stop with integration of an electronic system. The novelty of the
article and of the developed system is the ability to use smart bus stop technology and
scale it to any city of Kazakhstan as for a large number of objects and organizations
as possible. In general, the current situation at the IT services market in Kazakhstan
is very similar to the Western model. The need for services among the population is
high enough and still not sufficiently covered. Assessing the market of IT services in
Kazakhstan, except Almaty and Astana cities, it can be noted that it is in its infancy
and has a great potential for further development.

Table 1. Services in the field of information technologies
in the Republic of Kazakhstan, min KZN

Name 2011 2012 2013
Services for applications 1691 4289 5483
Repair services of computers and peripheral equipment 6691 10462 8936

Source: Statistics Agency of RK, 2014.

The additional focus of this article is on the importance of algorithms develop-
ment for electronic self-service machines in terms of vehicle routing, GPS-tracking,
analysis of transport data, and demonstration it to the user. The overall development
of this system ideally fits into the I'T grow thin Kazakhstan.
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Figure 1. Dynamics of the information services volume in Almaty
and Kazakhstan, m/n KZN (Statistics Agency of RK, 2014)

Therefore, the tasks of vehicle routing arise in the carriage of goods by commer-
cial or public transport. The aim is to determine the vehicle routing problem and
transportation schedules to meet customer orders and minimize operating costs.
Typically, the goal is to minimize the duration of a route, its length, cost or the num-
ber of vehicles used. Additional requirements must be satisfied for many limitations
such as: spaciousness of a vehicle, driving time etc.

In the past, vehicles route compilers and controllers operated independently of
each other and did not exchange information or did it only partially (Komninos,
2002). Vehicle position on the route line was not known and it was not always possi-
ble to establish a connection with a particular driver (Odendaal, 2003). Recent
advances in information and communication technologies have significantly
improved the quality of communication between drivers and the control center. Now
the information on the receipt of new orders or changes in routes can be easily trans-
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mitted to drivers which helps to improve the level of service and reduce costs.
Moreover, modern navigation systems are capable of providing real-time information
about the situation on the road and weather conditions while avoiding traffic jams.

The main purpose of this article follows from the task of developing a intelligent
system for public transport in megacities using software and electronic self-service
machines. Their main functions are:

- System shows all route numbers of different types of public transport to get
information on how to get from a departure point to a destination point.

- System shows different ways of change from one vehicle to another which will
be more comfortable to citizens.

- System provides a search function on Almaty tourist attractions and different
ways on how to get there using the shortest route.

- System has voice instructions in 3 languages (Kazakh, Russian and English)
which makes the system more convenient for all types of citizens.

- System tracks the current location of transport (GPS-tracking).

- System demonstrates the nearest places of clients' interest.

Figure 2. Developed electronic intelligent self-service machine

According to the results of the survey, it was found out that this service is need-
ed by a huge number of people (foreigners, tourists, and people who do not know the
city). Currently there is no such intelligent system in Kazakhstan (without taking into
consideration the use of mobile devices). With the help of the developed intelligent
system which represents a macrolevel modelling, it is possible to solve the main tasks
such as:
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- planning of transport infrastructure and public transport in cities;

- graphical processing of the network to facilitate the solution of transport prob-
lems and problems with traffic;

- transport networks analysis and evaluation with further optimization;

- forecast of planned activities with the use of public transport and urban road
communications;

- provide a smart platform for transport and information systems.

In case of transition to the microlevel and during traffic planning on separate
crossroads or group of crossroads and while demonstrating the obtained changes, the
designed mathematical model must be used. To simulate transport flows and solve
necessary tasks, the formation of data bank was considered including the following
parameters:

- adetailed diagram of city streets;

- actual traffic volume and structure of traffic flows;

- vehicle speed (in the free state and with fully loaded street traffic);

- geometric parameters and streets/roads capacity;

- organization of traffic in the streets;

- public transport scheme and timetables;

- public transport bus stops and the time required to stop;

- transport blocks — areas with homogeneous density of population, level of
development of industry and trade enterprises, attractive places for recreation etc.

- population, working-age population, the number of jobs and the number of
people employed in the service sector (for each unit).
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Figure 3. Public transport routes of Almaty city (Kazakhstan)
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While implementing the intelligent system of electronic terminal, all data of the
transport network was stored as the database based on SQL. The first step in creating
a transport scheme is the insertion of city maps in accordance with the project
description (Torres et al., 2005). It will serve as the background image applied to the
transport network of the city. After that, it should be assigned to the transport system
with a name, maximum and minimum speed. To simplify the sketch, streets are
appointed to different types of segments classified by their functions and other
parameters. The name is assigned to each type and specifies the following character-
istics: maximum vehicle speed, lane allowed for movement, the total number of lanes
etc. All these parameters can be set separately for each direction.

Creation of a transport scheme begins with the application of nodal points that
characterize changes in geometric parameters of the street, speed, capacity, and the
availability of stopping areas (Hollands, 2008). Grouped nodes are connected by seg-
ments of the appropriate type. Each segment is assigned by the name and made by
detailed adjustments of its parameters (speed, lane, transport systems etc.)

The next step is the placement of stopping areas, the appointment of public
transport routes and scheduling of motion. When calculating the schedules program,
it is necessary to focus on the duration of the bus stop, start and end time of a route
etc. (Giffinger et al., 2008).

One of the most important stages which effects the accuracy of the subsequent
results is the division of area into transport blocks. For each block we appoint the cen-
ter of gravity and communication — virtual segments which conduct entry and exit of
private vehicles in the streets of the center of gravity in order to set communications
parameters such as the resolution of the transport system and the share of private
vehicles moving in this direction. Also the required links show the movement of pas-
sengers from the stopping areas to the center of gravity.

On the next step the system considers organization of vehicles’ movement. Here
we need to take into account several things: the limitation of individual modes of
transport, a complete ban of turns at intersections of streets/roads, the organization
of traffic flows at intersections at one or more levels, one-way traffic etc.

Bank of the road network parameters is designed to calculate the intelligent sys-
tem's investment matrices on time of trips for population. Costs can also be expressed
in terms of money or by using arbitrary parameters. Using these received matrices of
costs and statistics on the population of the city, the matrix of correspondences of
individual and public transport is constituted (Caragliu et al., 2009). For this purpose,
a program module is used even if the number of blocks does not exceed 30, the cal-
culation can be performed using the simple software.

The main statistical data necessary to create received matrices of correspon-
dence are:

- population of each selected block;
working-age population;
the number of jobs;

- the number of people employed in the service sector.

The received matrix of correspondences of individual and public transport is
substituted into the software of the intelligent system to produce the distribution of
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population movements and individual transport. The result of this distribution is rep-
resented as diagrams.

To obtain more stable calculation results matrices of time are needed (until the
system does not come to equilibrium). The final step in providing the accuracy of
traffic distribution, the adjustments of model parameters as well as manual adjust-
ment of traffic values according to field observations are needed. The program for the
visualization of this transport scheme makes it possible to make segments on a vari-
ety of information such as traffic, speed etc. There is also a possibility to classify seg-
ments by different characteristics, components, stops and other attributes, thereby
separating them from the total sample.

The main advantage of this smart system is the ability to forecast the organiza-
tion of vehicles’ movement (Paskaleva, 2009; Asin, 2013). It allows simulating the
development of transport network with reconstruction or construction of new streets,
intersections at different levels, changes in traffic organization, construction of new
districts, planning consequences of emergency situations etc.

Conclusions. While responding to challenges of rapid urbanization and growing
traffic, the development of smart transport systems has attracted much attention
recently. Many promising initiatives have emerged over the last years. Despite these
initiatives, there is still a lack of understanding about an appropriate definition of
smart transport system. Therefore, the authors tried to propose the developed model
of a "smart bus stop" project through the implementation of electronic self-service
machines which would provide unique services and functions.

Based on the analytical study, this project would have a positive socioeconomic
impact providing socially significant services. Information service provided will
improve access to transport services, reduce service time for customers and save their
time. This proves the attractiveness and usefulness of the model and the proposed
smart bus stop system.
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