Byxranrepuio cragmoHa HEOOXOIUMO aBTOMATHU3UPOBATH C IMOMOIIBIO MPOTPAMMEI
«1C:byxrantepusi», CTpyKTypa W BO3MOXHOCTH KOTOPOH COOTBETCTBYIOT JMHAMHUYHOMY
3aKOHOJIATENLCTBY YkpauHbl U crienuduke JeSTeIbHOCTU OpraHU3aIUH.
CrnenumanusupoBannoe [10 «Ticket Soft» siBnsercs nydiuM 1 Haubosiee HAJICKHBIM B CBOEM
cermenTe (mpoaaxa OuneroB). C momorisio 3toro [1O aBTrOMaTu3upoBaH MPOIECC MPOIAKU
OmneToB Ha Takux craguoHax, kak DK «Jlokomotus» (Mocksa), [IBK «I[ICKA» (Mocksa),
OK «Metamuct» (XapbKoB) H JIp.

Hcxons u3 poBeIEHHBIX UCCIIETOBAHHI MOYKHO C/IIaTh CICAYIONINE BBIBOIBI:

1. OG30p nUTEpaTYpHBIX HWCTOYHHKOB TII0OKa3aj, YTO PEUHKUHUPUHT SBISAETCS
aKTyalbHBIM W BOCTPEOOBAHHBIM CpPEICTBOM YIPABJICHUS OpraHU3allMeid B
COBPEMEHHOM KOHKYPEHTHOM CpeJie.

2. UHCTpyMEeHTHl OW3HEC-aHAIUTHKU CIOCOOCTBYIOT OBICTPOMY TOJYyYCHUIO |
o0paboTke OoJbIIMX O0BEMOB TeKylled HWH(pOpMAalMK, KaK BHEIIHEH, TaKk H
BHYTPCHHEH, M OQOPMIICHHIO HMX B BHJE OTYETOB, KOTOPBIE HCIIOJIb3YOTCS
PYKOBOJICTBOM OpTaHHU3aIlUH MPU IPUHATAN PEIICHUH.

3. AHanmu3 OM3HEC-TIPOIIECCOB IMMO3BOJISIET IYTEM MOJCIUPOBAHUS  JIESTCILHOCTH
OpTaHU3aIMH OINPEIEIIUTH OCHOBHBIE MTPOOJIEMBI, «y3KHE MECTa» M ONTHUMHU3UPOBATH
UX C y4ETOM HOBBIX TPEOOBaHUI.

4. B pesynprate wuccienoBanusi OusHec-mnpoueccoB OO0 «/lonbacc Apena»
MPE/UIOKEH BapHaHT WPOBEACHUS PEUH)XMHUPHUHTA OCHOBHBIX MPOIIECCOB C
noMoinplo cnenuanbHeix [II1, BHeapeHume KOTOpBIX OyAeT CrocoOCTBOBATH
MOBBIICHUIO 3P PEKTUBHOCTHU JACATEIHHOCTH OPTraHU3aIHH.
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VIIK 004.896
THE ROAD FOR TRANSPORTATION IMPROVEMENT OF DONETSK

A. V. Ostapenko, V. N. Andrienko

Summary. In the research the situation in the transport sector of Donetsk was described within the
Concept of development urban passenger transport in Donetsk for 2007-2020. The result of the research put into
the general roadmap for development framework of transport system in Donetsk that based on introduction of
Intelligent Transport System that includes a range of innovative information technologies for urban smart
transportation environment.

Keywords: transport, transportation policy, Intelligent Transport Systems, information technologies,
roadmap for development.

Introduction
Today, road transport is the victim of its own success and faces considerable challenges.
Over the next 10 to 15 years, the transport system must support economic growth, a bigger
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population, higher expectations and more diverse lifestyles. Donetsk is car-centric society that
is beginning to be reformed from the perspective of traffic congestions and environmental
problems. Furthermore, the future maintenance of deteriorating infrastructures is starting to
become a major issue.

The topic about transport efficiency of Donetsk discussed in a number of documents
such as: the Concept of development urban passenger transport in Donetsk for 2007-2020, the
report of Donetsk mayor before the community, research works of Zaporozhchenko E.,
Yakovenko K., Englezou I. and the several articles in municipal newspapers. The analysis of
these documents has revealed the lack of information about the use of information
technologies and their effect on improvement and optimization transport system of Donetsk.

So the main goal for this research is to make up a roadmap for developing the transport
system of Donetsk that will be based on ubiquitous implementation of the advantages of
information technologies and systems.

Consequently the tasks are:

1. To identify the key challenges of transport infrastructure in Donetsk;

2. To point out the main goals of changes and improvements;

3. To offer complete solutions that will use information technologies and systems.

The main part

Daily on the routes of Donetsk 1174 motor vehicles move, including 132 large buses,
647 buses and 395 medium-capacity minibuses, 75 trolley buses (of 265) and 150 trams (of
182). They go on predefined route scheme and are coordinated by the 14 control services [1].
Since 2010 in Donetsk the transport reform has been introduced. It includes the following
steps:

1. The replacement large vans to high capacity buses for urban public routes;

2. The change duplicate routes and added new transport schemes;

3. The implementation of satellite navigation system to monitor transport on the line
(GPS) in 2010-2013, in order to control and regulate the movement of urban passenger
transport. To date, this system has been installed in 152 buses and 46 communal transports of
“Donelektroavtotrans”.

Despite the active policy in urban transportation as described above the next problems
are still relevant [2].

1) Congestion problem is caused by dense concentrations of the population and a lack
of infrastructure maintenance, and is defined as the state whereby the total number of travelers
to a certain final destination and the vehicles carrying them exceed the transportation
capabilities of a city. The research of Harvard Center for Risk Analysis and Harvard School
of Public on the topic “The public health costs of Traffic congestion” [3], that include
information about 83 cities in the USA, shows traffic congestion-related PM2.5, NOx and
SO2 emissions caused approximately 4,000 premature deaths in the year 2000, with a
monetized value of approximately $31 billion (in 2007 dollars). Also this indicators compares
to the estimated $60 billion congested-related cost of wasted time and fuel in these
communities during the same year. Moreover, the fuel and time loss is expected to continue
its annually growing over the next 20 years.

2) Vulnerable road user problem are defined as vulnerable road users (such as the
elderly, tourists, the handicapped, and others), or people who cannot travel smoothly due to
various difficulties.

3) Eco problems are defined as resource protection problems, such as the loss of land,
generation of waste, and wasteful consumption of limited energy involved in the development
of urban environments, as well as regional environmental problems, such as the air pollution,
noise, vibrations, and other problems caused by operating cars, trains, and other vehicles.
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4) Deterioration problem is defined as the problems related to infrastructure
maintenance costs incurred due to the deterioration of the infrastructures that support urban
transportation.

5) Transportation company efficiency improvement problem that is the transportation
companies must be able to provide stable transportation services to users without strained
finances, while running efficiently at the same time.

Therefore improving transportation infrastructure and services is a high priority for our
city. Under the Concept of development urban passenger transport in Donetsk for 2007-2020
[4] seven main tasks are necessary to solve for its implementation:

1. The development and improvement of the route network and the structure of the
rolling stock;

2. The insurance of the passengers’ safety;

3. The development and improvement of economic relations and the market of
passenger transport services;

4. Organization of transport complex management;

5. Organization of the passengers’ carriage of by taxis;

6. Human and Social Policy in passenger transport;

7. Improvement of the environmental situation in the city.

In conditions of limited financial resources the range of described above tasks of the
Concept need a smart transportation environment that should cover the following
requirements: reducing the mobility needs for both individuals and goods; optimising trip
planning and management, transport mode selection and allowing seamless multimodality;
increasing the vehicles passenger and goods capacity; and enabling more efficient transport
networks.

For a more practical side, targets specifically pertaining to the improvement
transportation policy, put into the checklist below (fig.1) that shows universal targets and
stages for their achieving [5].

Figure 1
Targets for improvement transportation policy
Transportation Targets Implementation Progress
Enabler How smart cities deploy and use ICT to enhance Over | Complet

their transportation networks None | Partial | oo/ e

Instrumentation and | Implement optimal instrumentation
Control Supplement: for all transportation modes

Connectivity Connect devices with citywide, multi-service
communications

Interoperability Adhere to open standards

Use open integration architectures and loosely
coupled interfaces

Prioritize use of legacy investments

Enable multi-channel access to an integrated
customer transportation account

Security and Privacy Publish privacy rules

Create a security framework

Implement cybersecurity

Data management Create a citywide data management, transparency
and sharing policy

TECHNOLOQOGY
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Analytics Achieve full situational awareness

Achieve operational optimization

Pursue predictive analytics

Supplement: integrate all transport modes for
multi-modal transportation

optimization

Achieve asset optimization

Enable dynamic, demand-based pricing

Fortunately, there are a lot of ways cities can fix transportation problems by deploying
smart ICT to improve the cities’ sustainability and efficiency. But it is necessary to highlight a
“system” approach that address the below challenges and uses information, management and
control work in synergy to optimize the use of infrastructures, vehicles and logistic platforms
for a multimodal perspective.

Intelligent Transport Systems (ITS) play such a crucial role in this strategic approach.
ITS are advanced applications which aim to provide innovative services relating to different
modes of transport and traffic management and enable various users to be better informed and
make safer, more coordinated, and “smarter” use of transport networks. Although under EU
Directive 2010/40/EU on 7 of July 2010 ITS can be defined as systems in which information
and communication technologies are applied in the field of road transport, including
infrastructure, vehicles and users, and in traffic management and mobility management, as
well as for interfaces with other modes of transport [6].

ITS include a various range of information technologies: from basic management
systems such as car navigation; traffic signal control systems; automatic number plate
recognition or speed cameras to monitor applications, such as security CCTV systems; and to
more advanced applications that integrate live data and feedback from a number of other
sources, such as parking guidance and information systems; weather information; bridge
deicing systems; and the like. Additionally, predictive techniques are being developed to
allow advanced modeling and comparison with historical baseline data. Some of these
technologies are described in the following part [6].

1. Wireless (including Bluetooth) communications

Various forms of wireless communications technologies have been proposed for
intelligent transportation systems. Radio modem communication on UHF and VHF
frequencies are widely used for short and long range communication within ITS. Particularity,
Bluetooth is a wireless standard that is used to communicate between electronic devices like
mobile/smart phones, headsets, navigation systems, computers etc. Bluetooth road sensors are
able to detect Bluetooth MAC addresses from Bluetooth devices in passing vehicles.

2. Computational technologies

Recent advances in vehicle electronics have led to more capable computer processors on
a vehicle. The current trend is costly microprocessor modules with hardware memory
management and Real-Time Operating Systems. The new embedded system platforms allow
for more sophisticated software applications to be implemented, including model-based
process control, artificial intelligence, and ubiquitous computing. Perhaps the most important
of these for ITS is artificial intelligence.

3. Floating car data/floating cellular data

“Floating car” or “probe” data collection is a set of relatively low-cost methods for
obtaining travel time and speed data for vehicles traveling along streets, highways, freeways,
and other transportation routes. There are three methods to obtain the raw data:

3.1. Triangulation Method. In developed countries a high proportion of cars contain one
or more mobile phones. The phones periodically transmit their presence information to the
mobile phone network, even when no voice connection is established. By measuring and
analyzing network data using triangulation, pattern matching or cell-sector statistics (in an
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anonymous format), the data is converted into traffic flow information. An advantage of this
method is that no infrastructure needs to be built along the road; only the mobile phone
network is leveraged. But in practice the triangulation method can be complicated, especially
in areas where the same mobile phone towers serve two or more parallel routes (such as a
freeway with a frontage road, a freeway and a commuter rail line, two or more parallel streets,
or a street that is also a bus line).

3.2. Vehicle Re-ldentification. Vehicle re-identification methods require sets of
detectors mounted along the road. In this technique, a unique serial number for a device in the
vehicle is detected at one location and then detected again (re-identified) further down the
road. Travel times and speed are calculated by comparing the time at which a specific device
is detected by pairs of sensors. This can be done using the MAC (Machine Access Control)
addresses from Bluetooth devices, or using the RFID serial numbers from Electronic Toll
Collection (ETC) transponders (also called “toll tags™).

3.3. GPS Based Methods. An increasing number of vehicles are equipped with in-
vehicle GPS (satellite navigation) systems that have two-way communication with a traffic
data provider. Position readings from these vehicles are used to compute vehicle speeds.
Modern methods may not use dedicated hardware but instead Smartphone based solutions
using so called Telematics 2.0 approaches.

Floating car data technology provides advantages over other methods of traffic
measurement:

— Less expensive than sensors or cameras;

— More coverage (potentially including all locations and streets);

— Faster to set up and less maintenance;

— Works in all weather conditions, including heavy rain;

4. Sensing technologies

Sensing systems for ITS are vehicle- and infrastructure-based networked systems, i.e.,
intelligent vehicle technologies. Infrastructure sensors are indestructible (such as in-road
reflectors) devices that are installed or embedded in the road or surrounding the road (e.g., on
buildings, posts, and signs), as required, and may be manually disseminated during preventive
road construction maintenance or by sensor injection machinery for rapid deployment.

5. Video vehicle detection

Traffic flow measurement and automatic incident detection using video cameras that are
typically mounted on poles or structures above or adjacent to the roadway. Video from black-
and-white or color cameras is fed into processors that analyze the changing characteristics of
the video image as vehicles pass. Since video detection systems such as those used in
automatic number plate recognition do not involve installing any components directly into the
road surface or roadbed, this type of system is known as a “non-intrusive” method of traffic
detection.

Thanks to its Intelligent Transport System, Singapore is one of the least congested
major cities, with an average car speed on main roads of 27 km/h (17 miles per hour),
compared to an average speed of 16 km/h in London, 11 km/h in Tokyo, and 5 km/h in
Jakarta. This is an impressive feat considering that the population has more than doubled
since 1990. The city has pioneered the introduction of a variety of technologies to the system,
including one of the world’s first Electronic Road Pricing systems (ERP — tolls that vary
according to traffic flows, and work as a congestion charge). The ERP uses a short-range
radio communication system to deduct charges from smart cards inserted in the vehicles.
Other Intelligent elements include an Expressway Monitoring and Advisory System, alerting
motorists to traffic accidents on major roads and a GPS system installed on the city taxis,
which monitors and reports on traffic conditions around the city. All information from the
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systems feed into the Intelligent Transport System’s Operations Control Centre, which
consolidates the data and provides real-time traffic information to the public [7].

The example described above shows the “Intelligence” of transport system is also a way
how the public, private stakeholders, and other government agencies are brought together and
discuss many issues that city faces in its transport policy. In that reason a number of
innovative approaches aiming to engage citizens can be used, including focused group
discussions, online feedback on the portal of the city, etc. Consequently, the Department of
Transport and Communications of the Donetsk Council should shift the focus to place the
commuter at the center of transport policy and take a holistic approach in planning the
transportation network.

Meanwhile, cities can rarely afford the complete overhaul of their transportation
systems, it is necessary to highlight some of ways they can make decisions that will be
outright efficient in the future.

Firstly, insist on open standards that will allow a wide choice and decrease costs, as
products can be mixed and matched from different vendors. For example, the broad
transportation strategy can be guided by the provisions of the “Transit-Oriented Development
(TOD) Standard”, created by the Institute for Transportation and Development Policy (ITDP)
in 2013, and the “Roadmap to a single European transport area” of Directorate-General for
Mobilty and Transport in European Commission.

Secondly, use open integration architectures and loosely coupled interfaces will make
sharing data between applications and users much easier and simpler.

Thirdly, enable multi-channel access to an integrated customer transportation account
will encourage people to use it. A couple ways smart cities can do in this area: 1) payment for
all city transportation services with a single account; 2) enable access to this account through
multiple channels — integrated fare cards, cell phones, websites, etc.

Although it is unlikely that Donetsk can integrate all information technologies in
transport infrastructure at once, but the general roadmap [8] for development framework of
transport system in Donetsk have been composed and presented on the chart below (image 1).

APPLICATION ENABLING TECHNOLOGY
Driver Integration and consolidation of sensors, actuators and functionalities
Assistance

Highly automated driving:
autonomous parking, automatic following, guided driving

Safety Adaptive and Personalized Safety: driving Workload Management incl.
Driving Monitoring and Situation-Adaptivity
Convenience Permanent information (“Always on”) wireless communication,

personalized in-car multimedia, technological convergence
Secondary and supporting functionalities, adaptive passenger compartment

| 2014 2016 2020 2025

Image 1. General roadmap for development framework of transport system in Donetsk
Conclusion

1. In the research the situation in the transport sector of Donetsk was described. The
main focus was pointed on current relevant issues in urban transport.

2. Further, the basic tasks for improving the situation in transport infrastructure of
Donetsk within the Concept of development urban passenger transport in Donetsk for 2007-
2020 were overviewed. Upwards these tasks were put into a checklist for the capability of its
practical use by members of authority in transport sector.

3. The analysis showed wide range opportunities for Donetsk in the “system” transport
management approach that provides innovative services of Intelligent Transport Systems. It
includes the list of information technologies that should encompass different technical
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requirements and as the result give an impressive effect of smart transportation environment.
To confirm such claims the example of Intelligent Transport System of Singapore that is one
of the least congested major cities was considered.

4. Moreover, the work consist the precision about necessity of community engagement
for creating the people-centered transportation policy.

5. The result of the research put into the general roadmap for development framework
of transport system in Donetsk.
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VIIK 004.415:347.942
YIOCKOHAJIEHHS THOOPMAIIMHOI CACTEMH POBOTH
31 3BBEPHEHHSIMU T'POMA JISTH.

M. B. Ceporwuenxo, M. I1. Apogina

Pesome. Y naHoMy IOCITIDKEHHI ITPOAaHaNi30BaHO iH(GOPMAIHY CHCTEMY AisTIBHOCTI 31 3BE€pHEHHSIMH
TPOMAJIH CEKTOpPY MOKyMeHTaIbHOTo 3a0e3medeHHs MY I'YMBC Vkpainu B JloHenskiii oomacti. BecranoBneHo
OCHOBHI TpOOJIEMH, TaKi SK TIOCTifiHE 3pOCTaHHS KUIBKOCTI 3BEpHEHb, HE33aJOBOJICHICTh TPOMAaJsIH
iHpOpMaiHHOIO MisUIBHICTIO perioHanbHUX opraHiB MBC. 3anpornoHOBaHO HampsMOK YIOCKOHAJICHHS
iH(OpMaIiifHOT CCTeMH — 11 aBTOMAaTH3aIlis.

Knmiouosi cnosa: inpopmariiitHa cuctema, 3Be€pHEHHS TPOMaJIsIH, KOHTPOJIb, aBTOMAaTH3AITisl.

AKTyanpHICTh TEMH TMOJSTa€ y TOMY, IO 3BEpHEHHS TPOMAASH € HEOOXiTHUM
€JIEMEHTOM TOOYIOBH JIEMOKPATUYHOTO TPOMAISHCHKOTO CYCIUIBCTBA, TOOTO TaKOTO SIKE
Opasio OM aKTUBHY yd4acTh B YIpPaBIiHHI JEPKaBHUMH CIpaBaMH, IIIIXOM 3BEpHEHb 3
nmopajiaMy, PEKOMEHJAIIsIMU 100 BJIOCKOHAJCHHS IPaBOBOi OCHOBM Ta OpTraHi3aiii
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