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MODELLING OF ROAD TRAFFIC FOR TRAFFIC FLOW
OPTIMIZATION OF MODERN REGIONAL CENTER
AS AN EXAMPLE OF ODESSA

C.B. Muponenxo, /. I'ianic. Moae/IlOBaHHSI JOPOKHBOTO PyXy A1 ONTHMi3anii TPDAHCIOPTHUX MOTOKIB Cy4acHOT0 PerioHalb-
HOTo HeHTpa Ha mpukJagi M. Ogecn. CbOromHI rOCTPO CTOITH MPOOIEMa YIPABIIiHHS TPAHCIOPTHUMH ITOTOKaMH, OCOOJIMBO B BEIIHKHX
MicTtax. 361IbIICHHsI KiTBKOCTI TPAHCIIOPTHHX 3aCO0IB, SIK OCOOUCTHX, TaK 1 TPOMAICHKHX, MPH3BEIO A0 MEPEeBaHTAXKEHOCTI MICHKHX JOPIT,
0araToroIMHHUX NPOOOK, YCKIATHEHHS PyXy MIilIOXOJiB, 301IbIICHHS KiNBKOCTI aBapiii i T.iH. Mema: MeTO JOCHTIDKCHHS € OILiHKa
MO>KIMBOCTI 3aCTOCYBaHHS iMiTaliifHIX MoJeneil A1 po3B’si3aHHS POOJIeM aHaIIi3y 1 ONTHMIi3amii TPAaHCIIOPTHUX MOTOKIB. JIJIs MocsSTHEHHS
MOCTaBJICHOI METH B CEPEHOBHUI IMITAIIHOrO MOIETIOBAHHS PO3pOOJCHO 0a3y AaHWUX TPAHCIOPTHOI Mepexi. Mamepianu i memoou:
ITpoGiemy aHami3y i onTHMi3alii TPaHCHOPTHHUX IIOTOKIB PO3MIIHYTO Ha mpukian micta Opecn (YkpaiHa), IpoTe OTPHMaHi pe3ysibTaTH i
pexoMeHanil MOXKyTh OYTH JIETKO aJlanToBaHi SK U iHIIMX MICT YKpaiHH, TaK i A1 MicT OLIBIIOCT] KpaiH KOJIHMIIHBEOTO COLaTiCTUIHOrO
61510Ky. OCOOMMBOCTI TPAHCIIOPTHHX CHCTEM YHEMOXKIUBIIOIOTh HOOYIOBY aIeKBaTHOI aHATITHYHOT MOJIEN, sika 6 JO3BOJIHIIA JOCIIKYyBaTH
BapiaHTH YIPABIiHHS LI€I0 CHCTEMOIO i 1i XapaKTepHCTUKaMH B Pi3HHX yMOBaX. Y TOH e Jac iMiTaliifHe MOJETIOBAHHS SK METOJ JO-
CITiJPKEHHSI TIO/IIOHNX 00’€KTIB € TIepCIEKTUBHUM y PO3B’s3aHHi 1iel mpobnemu. CepenosumeM mMozemtoBanHs oopano maker OmniTRANS
SIK yHIBepCaJbHHUI IHCTPYMEHT [T MOJCTIOBAHHS IUCKPETHUX, Oe3MepepBHUX 1 ribpuaHux cucteM. Pesyirpmamu: 3a 1OTIOMOrOI0 IpoOrpam
OmniTRANS oTpuMaHO MOAENE TOPOKHBOTO pyxy M. OfiecH i iIHTEHCHBHOCTI PyXy TPaHCIIOPTHOTO MOTOKY. Y MepuIoMy HaOJIMKeHHI po3-
ITSTHYTO 1 MOOYJ0BaHO TPAHCHOPTHY MEPEeXKy LEHTPaIbHOI YaCTHHH MicTa; 6e3 KanmiOpyBaHHS i imMiTamii po3pobiieHo 0a3y HaHUX eIeMEHTIB
TPaHCIIOPTHOI MEPEXi MICTa i MOKa3aHo, SIK BOHA MOXe OyTH BHKOPHCTaHA sl PO3B’I3aHHS MPOOJIeM aHali3y i ONTUMI3alii TPaHCIOPTHHX
notokiB. IToOymoBaHa 3 elIeMEHTIB CTBOPEHOI 0a3M JaHHX MOZENIb TPAHCIIOPTHOI CHCTEMH IO3BOJSE 3MIHIOBATH CTYIHB AETAIBHOCTI
00’€KTIB 1 SIBUII, IIJ0 MOAEIIOIOTHCS, TUM CAMHUM OTPHMYIOUH MOJIEII SIK MAaKpO-, TaK i MiKpOPiBHSL.

Knrouosi cnoea: TpaHCTIOPTHI MOTOKH, MOZIEII TPAHCTIOPTHOI MEPEXKi, MPOITYCKHA 3AaTHICTh, BYIUYHO-IOPOKHS MEPEeKa, TPAHCIIOPTHI
3aco0u, opraHizaiisi JOpOKHbOTO PYyXY.

S.V. Myronenko, D. Gillis. Modelling of road traffic for traffic flow optimization of modern regional center as an example of
Odessa. At present sharply there is a problem of traffic management especially in big cities. The increase in the number of vehicles, both
personal and public, led to congestion of city roads, many hours of traffic jams, difficulty of movement of pedestrians, increase the number
of accidents, etc. Aim: The aim of the study is to evaluate the possibility of using simulation models to solve problems of analysis and
optimization of traffic flows. To achieve this goal in a simulation environment the data base of the transport network will be developed.
Materials and Methods: The problem of analysis and optimization of traffic flow is considered by the example of the city of Odessa
(Ukraine), the results and recommendations can be easily adapted for other cities of Ukraine, and for the cities of most countries of the
former socialist bloc. Features of transport systems make it impossible to build an adequate analytical model to explore options for the
management of the system and its characteristic in different conditions. At the same time simulation modelling as a method to study such
objects is a promising for the solution to this problem. As a simulation environment an OmniTRANS package as a universal tool for model-
ling of discrete, continuous and hybrid systems. Results: With OmniTRANS programs the model of traffic in Odessa was derived and the
intensity of the traffic flow. In the first approximation the transport network of the central district of the city was considered and built; with-
out calibration and simulation it was developed a database of elements of the transport network and shown how it can be used to solve
problems of analysis and optimization of traffic flows. Models constructed from elements of created database, allows you to change the level
of detail of the simulated objects and phenomena, thereby obtaining models as macro and micro level.
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Introduction. At the present time there is acute problem of traffic management, especially in big
cities. The increase in the number of vehicles, both personal and public, led to congestion of city
roads, many hours of traffic jams, difficulty of movement of pedestrians, increase the number of
accidents, etc.

The object of management in the traffic management system is a traffic flow consisting of
machinery. At the same time, car drivers on a road act and respond to different events in different
ways, not always predictable, which greatly complicates the analysis of the system.
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Thus, traffic is a techno-social system that determines its specificity as object of management.
Even considering only technical aspects of traffic management, it should be borne in mind that the
object is very peculiar and difficult in terms of management of its properties.

In the construction of an adequate analytical model of urban traffic flows should consider the
following characteristics of the object:

1. Stochastic. Prediction of the traffic flow is carried out with a certain probability. Traffic flow
moves through the transport network, which also has certain characteristics which admit more or less
rigorous description and which are non-stationary;

2. Nonstationarity. Oscillation of characteristics of traffic flows occur in at least three cycles: dai-
ly, weekly and seasonal;

3. An incomplete manageability, the essence of which lies in the fact that even with full infor-
mation about the flows and the possibility of informing drivers about the necessary actions, these
requirements are advisory in nature. Consequently, the achievement of the global extremum of any
control criterion becomes highly problematic;

4. The plurality of quality criteria, such as delay in the way, average speed, the predicted number
of accidents, the amount of harmful emissions into the atmosphere, etc. Most of characteristics are
interrelated, and to single out any one is not possible;

5. The complexity of an object management and the impossibility of measuring the basic charac-
teristics of transport flows that determine the quality of management. Thus, the estimate of traffic
volume requires either a presence sensor of traffic flows in all directions of movement, or the use of
aerial photography or carrying out the labour intensive manual inspection;

6. The absence of the possibility of large-scale natural experiments in the field of traffic
management, which should, in turn, provide:

— traffic safety;
— material and labour costs;
— changes in the complex scheme of traffic organization.

Features of transport systems make it impossible to build an adequate analytical model to explore
options for the management of the system and its characteristic in different conditions. At the same
time simulation modelling as a method to study such objects is a promising for the solution to this
problem. Simulation modelling allows you to quickly and with good accuracy to predict the charac-
teristics of complex systems of real objects and optimize the essential parameters.

The main methods of modelling transport flows are considered in the works of M. Treiber and
A. Kesting [1], N.H. Gartner and G. Improta [2], M.A. Chowdhury and Adel Wadid Sadek [3], and
Daiheng Ni [4]. From domestic research should be mentioned Yu. Zakharov and E. Karnaukh [5],
L. Abramova and N. Chernobaev [6], who proposed a solution to the problem of coordination of
traffic lights devices when leveling speed of movement of vehicles on the main streets of the city, as
well as M. Grigorov, addresses the problem of modelling and traffic control in large cities [7].

The aim of the study is to evaluate the possibility of using of simulation models to solve
problems of analysis and optimization of traffic flows. To achieve this goal, the data base of the
transport network will be developed in a simulation environment.

Hereinafter, the problem of analysis and optimization of traffic flows is considered by the
example of the city of Odessa (Ukraine), the results and recommendations can be easily adapted for
other cities of Ukraine, and for the cities of most countries of the former socialist bloc.

Materials and Methods. Today, there are many special systems for the simulation of traffic
flows (TRANSIMS, PARAMICS, EMME/2, SATURN, Vissim, etc.).

Existing approaches to modelling can be classified according to the level of detail of the simu-
lated process — the model of macro- and micro-level.

Models of the macro-level (Fig. 1) describe the traffic flow as a whole, the collection of all
vehicles. A significant parameter is the traffic density. The main area of application of models of this
type — the analysis of the transport system of a large amount, i.e., networks of highways and inter-
regional road network.

COMPUTER AND INFORMATION NETWORKS AND SYSTEMS. MANUFACTURING AUTOMATION



56 . . . . ISSN 2076-2429 (print)
Ipaui Oxecpkoro noaiTexHivuHOro yHiBepcureTy, 2016. Bum. 3(50) ISSN 2223-3814 (online)

Models of the micro-level (Fig. 2) are characterized by a description of certain vehicles and the
interactions between them. Models of this class show the behaviour of individual road users that obey
the rules of conduct and interaction between vehicles. The rules of conduct contain additional  strat-
egies to control the speed and acceleration. Currently, these models are used for traffic modelling at
individual intersections and their collections.

Fig.1 Macro-level model Fig.2 Micro-level model

Analysis of the current state of the problem under investigation has shown that most of the
existing simulation systems designed for the construction and study of micro-level models.

The main objective of this work, as mentioned above, is to develop a database of the transport
network of Odessa in a simulation system. As a simulation environment is chosen OmniTRANS
package [8] as a universal tool for modelling of discrete, continuous and hybrid systems. The univer-
sality of the package, its ability to work with both continuous and discrete models, its simplicity of use
will allow to build a database of elements of the transport network, which will be useful for a wide
range of various problems in the field of transport in Odessa.

Speaking about the creation of the transport network database, you need to decide what kind of
baseline data will be needed. Necessary input data the authors divided arbitrarily into four groups:

—the first group — the data received from the executive authorities and municipal services;
information from socio-economic statistics (the number of places in schools, children gardens, univer-
sities, the number of jobs in the factories, business centers, etc.), passports of traffic lights; database of
buildings and structures; accident data$
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With topographical maps and provided baseline data on transport network, with OmniTRANS
package of tools was created the scheme of transport highways of Odessa (Fig. 4).

For a more detailed study and modelling, taking into account the preliminary data of the transport
network congestion the town the scheme is divided into three sections (Fig. 5).

For the analysis of the traffic scheme in the city the studied simulated central district of the city is
divided into 24 zones (Fig. 6).
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Fig. 5. Test area of urban transport system Fig. 6. Zoning of central district of the city

The network topology (Fig. 7), for which the modelling is carried out, is created by entering to
the reference plan (Fig. 6) of the source data elements of the transport network of central district of the
city. This data includes the length of the road sections, the phase of traffic lights, traffic intensity, the
direction and the probability of motion for directions.
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£y
Fig. 7. The topology of network of the central district of Odessa (black marks — the survey area;
blue marks — transport number)

Such indicators are important: the number of vehicles (traffic volume, the share of passenger cars
and trucks), the period of congestion (peak periods). You cannot manage without information on the
number of nodes (turns). The simulation also takes into account data on the number of public
transport, the number of passengers and number of flights. The reference plan also included infor-
mation about the full-scale surveys of road traffic, about the depending of the traffic intensity from
time, about the survey of municipal services.

Results. After processing the initial input data of the transport network via OmniTRANS programs
it was derived a model of road traffic of Odessa (Fig. 8) and the intensity of traffic flow (Fig. 9).

Investigation and analysis of the transport network using the developed model were made by
inserting the different original data of the transport network elements in the corresponding object
model toolkit — Odessa transport network (in this case its central district).

The model parameters can be set for each element separately. Time of creation of the transport
network model and the degree of precision depends on the amount and accuracy of the source data.

It should be noted that the models that can be built from elements created database, cannot be
entirely attributed only to the micro or macro level. They combine the properties of both categories.
The constructed model of the transport system allows you to change the level of detail of the simulated
objects and phenomena, thereby obtaining a model both macro- and micro-level.
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Fig. 8. Model of road traffic of Odessa city (the central district)
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Fig. 9. The intensity of traffic flow (degree of congestion):
- free flow; - densely saturated flow; - extremely rich flow
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Constructed network model allows us to explore the different characteristics of transport systems.
Such a study may be carried out in several ways, namely:

— case studies. The real situation (accident, harvesting) is simulated, in which we analysis such
system characteristics as an average speed of movement of the vehicle, waiting time (delayed on the
way), etc;

— search for the optimal solution of traffic management tasks (switching time of traffic lights, the
number of lanes, etc.) and the definition of the objective function (optimizable value). This function
may be, for example an average speed on the analyzed portion of the transport network, the waiting
time at crossroads, etc;

— prediction of the impact of changes in transport network topology (the construction of bypass
roads, the introduction of the vehicle presence sensor at the crossroads, changing types of inter-
sections, etc.) on the important characteristics of the traffic flow;

— the fight against traffic jams. This problem is solved by decreasing the intensity of motion in a
predetermined direction, for example, redirecting of traffic flow onto adjacent road.

As part of the OmniTRANS package it is possible to perform the optimization of model, i.e.
obtaining optimum values of any parameters of the model for given optimization criteria. In the
transport system model in the optimization is possible to change parameters and/or the functionality of
the objects of the transport system.

Also, we can easily solve other problems arising in the study of the city’s transport network.

Conclusions. As a result of this work the methods of approach to modelling of traffic flows were
analyzed. It is analyzed the features and functionality of the software package OmniTRANS. In a first
approximation, it is considered and built transport network of central district of the city; without cal-
ibration and simulation developed database elements of transport network of Odessa, and it shows
how it can be used to solve problems of analysis and optimization of traffic flows. The advantages of
this approach to modelling and study of transport networks is simplicity and clarity of building a net-
work, the possibility of expanding and improving the model by the user.

Time of creation of the transport network model depends on the amount and precision of the
input data.

Using the established transport model for Odessa will contribute to the following changes.

1. Ordering of Information transport databases of the city and communication between the
different organizations. This will create a single information center at the city administration, which
will allow the city to develop its own long-term strategy of development of the transport network and
to perform a qualitative analysis of the proposed options.

2. Obtaining of objective and verified baseline data for the design of the road network at any level.

3. Attraction of investors due to the fact that the city’s development concept will become
transparent and understandable.

4. The optimal solution to the most complicated transport problems of the city. Transport model
is only tool that allows you to justified and comprehensively address the city’s problems associated
with transport.

5. The participation of the inhabitants of Odessa in the development of the concept of develop-
ment of the city. One of the moments of creation the city transport model - it is an opportunity to
demonstrate the results of its work to all citizens who wish to receive such information. In practice, it
looks like a web site, where the information related to the results of the transport model is placed.
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