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CREATION OF A SIMULATION MODEL OF BUS TRAFFIC
IN URBAN ROUTES

The expediency of developing simulation models for studying the operation of buses on city
bus routes has been substantiated. The main advantages of using simulation models are
shown. An agent-based simulation is most suitable for building a bus route model. The pa-
per shows the main disadvantages of the developed simulation models on the early versions
of the Anylogic program. A methodology has been developed for constructing a simulation
model for the operation of a bus route using the Anylogic 8.5.2 software tools, which takes
into account the movement of buses on the general traffic flow. This can help bus schedule
designers to take into account traffic density. The sequence of using the program tools for
entering data on passenger traffic and bus operation along the route is given. The proposed
methodology makes it possible to monitor the movement of buses, both existing routes and
projected ones. In the work, the developed logical schemes for constructing a simulation
model of bus routes with coincident stops, as well as bus routes with the same initial stops.
To improve the quality of passenger service, it is proposed to take into account the regu-
larity of the arrival of passengers at the bus stop points. The logic diagram shows tools and
program codes for entering and changing passenger arrival parameters.

Keywords: bus route, route network, model, simulation, agent.

Hawoamipoe @.C. CmeopeHHs cumynayininoi mooeni pyxy agmooycie Ha MicbKux ma-
puwpymax. OOTpyHmMosano OoyinbHicmb po3poOKU IMimayiiHux mooenel Ons 00CHi-
0vicenHs pobomu asmobycie Ha Micokux agmooychux mapwpymax. Ilokazani ocnosHi ne-
pesazu 3acmocysants imimayitinux mooeneu. /[na no6yoosu mooeni agmobycHo2o mapui-
pymy Haubinbw nioXooums cUMyIAYis, Wo 3ACHOBAHA HA A2eHMOMY MOOen08anHti. ¥ po-
Oomi NOKA3aHi OCHOBHI HEOONIKU PO3POONIeHUX IMIMAYIIHUX MOOenell HA PAHHIX 8epCisix
npoepamu Anylogic. Po3pobneno memoouxy nobyoosu mooeni cumynayii pobomu agmo-
Oycno2o mapwipymy 3a O0ONOMO2010 [HCHMPYMEHMI8 NpPOSPAMHO20 3abe3neyeHHs
Anylogic 8.5.2, axa epaxosye pyx asmobycig y 3a2anbHOMy Mpancnopmuomy nomoyi. Lle
MOodHce OONOMO2IMU PO3POOHUKAM PO3KIAI6 pYXy asmodycié 6paxo8yeamu mpaHcnopmuy
winvHicms. Jlana nociioo8HiCmb GUKOPUCTIAHHS THCMPYMEHMIE RPOSPAMU OJis 66COCHHS.
O0aHUX NACAHCUPONOMOKY i pobomu asmoobycie 3a mapupymom. s esedenns napamem-
pié pyxy 3anponoHo8aro gukopucmarus dioniomexu Road, a 0ns e6edenns napamempig
pyxy nacasicupis — oioniomexu Pedestrian. 3 memoio cnocmepedicents pyxy asmooycie 6
3a2aNbHOMY MPAHCNOPMHOMY HOMOYI G6E0CHHS NAPAMEMPIE MPAHCNOPMHO20 NOMOKY
mMakooic nepedbauacmvcsa 3 suKopucmanuam oioniomexu Road. 3anpononosana memoou-
Ka 0ae MOMNCAUBICMb CINENCUMU 3d PYXOM A8MOOYCI8 AK ICHYIOUUX Mapuipymis, max i
mux, wo npoekmyromuca. [na agmobychux mapuwipymie 3 Cnienadaroyumu 3ynuHKamu
NPUTIHAMO OOYINbHUM OONIK NPONYCKHOI CHPOMOANCHOCHE KOJICHOI 3ynunku. Ilpu eenuxii
KIIbKOCMI MApuipymie, sKi 8UKOPUCMOBY8AU OOHAKOBY 3YNUHKY, MOJICHA PO3NOOIIUMuU
3YNUHKU GIOOMUM MEMOOOM, HA AKUU € NOCUNAHHA y cmammi. Y pobomi pospobneni nio-
2IYHI cxemu 0J1st ROOYO0BAHOT CUMYAAYIUHOL MOOei asmobyCHUX Mapwpymie 3 cnienada-
FOYUMU 3YRUHKAMU, 4 MAKONC ABMOOYCHUX MAPUWPYMIE 3 0OHAKOBUMU NOYAMKOGUMU 3)-
nunkamu. [na nioguwenns akocmi 00Cay208y8anHs RACANCUPIe 3anponoHo8ano 00K 3a-
KOHOMIpHOCmeEU npubymms NACAICUPIE Y NYHKMU 3YRUHKU aemoOycHo2o mapupymy. V
JIO2IUHIl cXeMi NOKA3aMi IHCMPYMEHMU Ma NPoepamHi Koou 0151 66e0eHHs Napamempia
npUGYmMms nACANCUPIE i ix 3minu.

Kniwouoei cnosa: asmobycruii mapwipym, Mapupymua mepedca, MOOeb, CUMYIAYIA,
azenm.

" PhD, ass. professor, Azerbaijan Technical University, Baku, Azerbaijan, dashdamirov.fuad@aztu.edu.az

205




BICHHUK ITPUA3ZOBCBKOI'O JEP’KABHOI'O TEXHIYHOI'O YHIBEPCUTETY
2020p. Cepis: Texniuni HayKn Bun. 41
p-1SSN: 2225-6733; e-ISSN: 2519-271X

Description of the problem. In large cities the public transport network is constantly changing
as urban infrastructure changes. Therefore there is a need to revise the work of the route network more
often. Changing route lines, using new modes of transport and creating passenger exchange points re-
quires the creation of effective models that quickly reflect changes in the public transport system.

The development of the urban public transport system largely depends on the correct application
of a systematic approach to this system. In modern conditions, the quality of passenger service deter-
mines the competitiveness of each transport company that offers the appropriate services. When or-
ganizing the work of city bus routes, the correct accounting of the flow of passengers is of great im-
portance in terms of saving the resource of vehicles and in terms of reducing the loss of time of pas-
sengers. To achieve the goal, one should use the capabilities of modern information technologies, in-
cluding applied programs. Therefore, the use of simulation models in the creation and management of
the public transport route network is an urgent task.

Analysis of recent research and publications. Many works have been devoted to the applica-
tion of simulation models in the creation, organization and management of various systems, including
urban public transport.

Author [1] notes that simulation when studying complex systems is practically the main availa-
ble method for obtaining information about the behavior of a system under conditions of uncertainty.
Among the characteristic features of large systems stand out: a significant number of elements, the
relationship and interaction between the elements, the hierarchy of the management structure and hu-
man participation in management, the need to make decisions under conditions of uncertainty.

Katalevsky D. [2] emphasizes that agent-based modeling can introduce irrational moments in
decision-making. In this regard, simulation is becoming a powerful decision support tool for a manag-
er. In some programs, such as Anylogic, it is possible to include network analysis in simulation model-
ing in order to more accurately assess the dynamics of interaction and customer response to a new
product or service.

According to the author [3], methods of mathematical and simulation modeling can make a huge
contribution to the development of changes in the traffic patterns of public transport in connection with
the introduction of new ones. In the field of passenger traffic modeling, PTV Vision software systems
are mainly used. In such packages, for example, it is impossible to simulate the logic of a dispatcher de-
ciding whether to leave a vehicle when there is a strong delay in schedule. Also, when modeling, the re-
searcher is forced to divide the territory of the city into microdistricts, without taking into account the
correspondence within them. Thus, it is limited by the capabilities provided by the developer.

Gizem Gunesh [4] emphasizes simulation model is a copy of a real world system on computer
and can be used to see results of different scenarios without nothing changes in the real world. But we
have to not forget that models aren’t represent to real system exactly. Because real systems are more
complex than the models. So simulation modeling typically requires some training and learning, in a
conclusion it’s harder than mathematical models. While an AB simulation is modeling, agents, agents’
behavior, environment and relationship between each other are determined generally. AnyLogic
makes modeling AB easier about creating or deleting an agent, relationship or any description.
AnyLogic based on object-oriented that means everything in system is built on objects (that means
agents in AB simulation). Two of the strongest point of the object-oriented are 10 expressing reality
(that means a real system is abstracted as you modeled) and managing change. In addition, AnyLogic
simulation software uses Java programming language. So, it helps to understand how we can model
easily.

Purpose of the article is to develop a logical diagram of a simulation model of a bus route or a
model of a bus route network to observe the influence of management decisions on changing the mode
of movement of vehicles.

Presentation of the main material. It is known that models can be different: physical, mental,
template, algorithmic, computer, etc. The main difference and advantage of computer models from
other models is that they can represent any problem in a flexible virtual format.

Almost everyone is touched by some form of transportation every day of their lives. We rely on
both public and private systems to get us to work, school, shopping, or to our favorite form of recrea-
tion. We take for granted the underlying system supporting this complex network of roadways, rail,
and public transit routes. And these systems are very complex. They consist of miles of road surface
and track with multiple control mechanisms to regulate the flow of vehicles. The systems have become
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so complex that a seemingly minor adjustment to the timing of a traffic light in one part of the city can
have a drastic effect on traffic movement miles away. Traffic engineers employ simulation to test
these adjustments for just this reason. It is far better to see the results in a simulation and watch traffic
back up there than it is to have hundreds of frustrated motorists wasting valuable time traveling at a
speed far below their expectation. Large-scale regional traffic simulations, known as Macroscopic
Traffic Simulations, are capable of showing the effects of these changes on very complex networks of
roadways covering large regional areas [5].

There are six main benefits of simulation [6]:

1. Simulation models allow you to analyze the system and find solutions when methods such as
analytical reports, linear programming, etc. are not effective or do not give any results.

2. Development of a simulation model after choosing the appropriate abstraction stage is a sim-
pler process than analytical modeling.

3. The structure of the simulation model more naturally reflects the structure of the real system.
The main reason for this is that simulation models are developed primarily using visual languages.

4. In the simulation model, you can observe any creature not lower than the level of abstraction
and measure any value. In addition, measurements and statistical analysis can be added at any time.

5. The main advantage of simulation is the ability to track the behavior of the system at any time
in the form of animation. Animation is used not only for displaying the results, but also for checking
and correcting.

6. Simulation models are more attractive and convincing than spreadsheets. Presentation of
simulation models is more effective than presentations that consist only of figures and tables.

There are 3 main types of simulation: system dynamics, discrete event simulation, and agent-
based simulation. Among these agent-based modeling is the most suitable for modeling the bus route
network [7].

Agents are intelligent objects that means they can make decision. They can change their deci-
sion as their experiment. They can control themselves, for that situation we say agents are decentral-
ised. They have parametres and variables differently and communicate each other and their environ-
ment. Agents’ reactions depend on their state. In a system, it’s not obligated that all agents have to be
same object. So, one agent can be a car and another agent can be a customer. In this case vehicles and
passengers act as agents.

Modeling the operation of the bus route network allows you to control the process by changing
indicators, road conditions with changing passenger flows and modes of bus movement. Simulation
models allow for specific process characteristics. This includes the description and analysis of proba-
bilistic processes.

A bus route simulation model can be created in Anylogic 8.5.1 or 8.5.2 in the Road library us-
ing the CarSource, CarMovieto, CarDispose, BusStop, Delay tools. One of the main advantages of
the program is that you can pre-specify the intervals between buses, the number of buses, the number
and location of stops like on a real bus route. At the same time using the statistics of existing bus
routes the program can use numbers from MS Excel files as data [1, 2, 8].

In a simulation model the nature of changes in the number of passengers arriving at a stop can
be taken into account using the Pedestrian library. The influence of this parameter is taken into ac-
count in the bus schedule by the time of stopping at stops.

It is known that the simultaneous arrival of more than 3 buses is not recommended at bus stops.
In this case it is advisable to scatter the stops along the routes. Stops on city routes can have intense
(more than 15 passengers, including pick-up and drop-off intervals), medium (5-15 passengers) and
low (up to 5 passengers) passenger traffic. Due to the high traffic volume of buses on different routes,
they interfere with each other at stops. In such cases routes are scattered by dividing routes into two or
more groups. The scattering of stops is carried out in each direction in the following sequence [9]:

1. The average (estimated) interval | of movement of all routes passing through the parking lot
is calculated.

2. The average delay time of the bus t
passengers is determined.

3. The condition t,,, < | is checked. If this condition is not met, there will be significant delays

and the scattering of stops will be important. If | is 8 times greater than t,,,, no scattering is required.

due to the embarkation and disembarkation of

land
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4. The probability p(t,) of exceeding the delay of the bus a certain value is determined (for
example, 1 minute):

pt, ~1) = Yana. (t,; ‘,1]

The expediency of scattering the scattering accordlng to the established probability is substanti-
ated. If the probability is greater than 0.2, the dispersion is considered appropriate.

An example of a scheme for creating bus routes using Anylogic software for buses departing
from the same starting stop is shown in Figure 1. In this case the SelectOutput agent is used. The bus
is entered into the road library using the CarSource tool. Bus selected as vehicle type.

BusSource?  gagh BusMoveTo delayl BusMoveTol  delay2 BusMoveTo2 delay3 BusMoveToExit carDispose2

o B ol B o B B o B - R

BusMoveTo3 delayd BusMoveTod  delays BusMoveToé delay
\m—I——l——l~
NSM oveTaol delayd BusMoveTol  delayd BusMoveTod delayll

=R o BN o BB o B

Fig 1 — Construction of an algorithm for simulating routes leaving the same initial stop

vy

If the number of routes leaving the same start stop is less than 5, the probability of the corre-
sponding exit in the Probability cell is 0.

When constructing a simulation model for routes that exit from different initial stops and have
several coincident stops, the logical diagram of which is shown in Figure 2, the capacity of these stops
must be considered.

BusSource2  BusMowveTol delay BusMoveTeo dayl BusMoveTol  day2 BushMoveToExit carDispose

oI @ B |IE mo
BusSource  BusTeBS1 delayl
o—R13
BusSources

Fig 2 — Building a simulation algorithm for routes with coincident stops

To study the work of public transport moving in a general flow, you can use software to include
traffic flows and their intensity by direction. In this case, it is possible to determine the nature of
public transport management, both in a specialized lane and in the general flow.

The proposed methodology for creating a simulation model of the bus route network in the
Anylogic 6.0 environment [3] describes the movement of vehicles on the network, but does not cover
the work in the general transport network. It is known that a bus passes through streets with different
numbers of lanes, different traffic intensities, stops at traffic lights with different operating modes
[10]. Therefore, we use elements of the road library to describe the operation of buses in the route
network. For more efficient process management, you can simplify the task and divide the city into
microdistricts.

To create a simulation model we use the tools of the program. To enter the parameters of bus
routes and traffic flow we use Road, CarSource, CarMoveTo, BusStop, Delay, Queue, Pickup and
Dropoff and to enter the parameters of movement of passengers Ped source, Restangular area, Ped
wait tools from the Pedestrian Library [11].
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In one direction on the road bus stops and areas for embarking and disembarking passengers are
created. Then a logical model is created to allow passengers to board the bus (Figure 3).

busSourcel busMoveTo stoph pickup busMoveTol dropoff stopAl pickupl busMoveTol
o I BB B T BE
a5 dWait dGoT. pedExit pedSourcel  pedWaitl pedGeTol pedExitl av‘tobusaiJ
pedSource  pedWail pedGoTo
ol
G &5

B Bl iy
pedEnter pedGoToB pedSink

1> A ey > e

Fig 3 — Logical model of passengers boarding the bus

avtobusa

Bus stop parameters are entered through the Delay (stop) tool.

To enter the parameters of waiting for passengers at stops, in the Action area, enter the
following code lines in the appropriate cells:

On enter: pedWait.freeAll ();

On exit: goToBoarding.cancellAll ();.

If All available agents are selected in the window with the Pickup tool parameters, then the bus
will pick up all passengers at the stop. All available agents in the Dropoff tool settings selected. This
serves to send passengers to the Pedestrian library to allow re-entry.

The regularity of the passengers’ approach to the stop can be taken into account in the features
of the PedSourse tool.

The bus routes on the network run along different streets. The number of lanes and the amount
of traffic on these streets vary. Traffic at intersections is organized in different ways. Since the
duration of permitting and prohibiting signals at controlled intersections is different. With the help of
software we can track the movement of buses along the route in various conditions, reflecting this
situation in the model [4, 12].

Anylogic software tools allow you to view the simulation model in 3D. To do this select the 3D
Window tool from the Presentation toolbar. The Camera tool makes it possible to track any area in
particular in the created bus route network. On the logical model created by the simulation model you
can see the statistics of changes in traffic and passenger flows (Figure 4).

busSourcel busMovS:To ST.U%A pickup DusMquTm
P ) )
01 1 1 Thadnds

[1] 0

pedsource  pedialt pedGaTo pedExit avigpusa
1] 1

Fig. 4 — Simulation model of the bus route section

Conclusions
Thus, by creating an agent-based simulation model of the bus route network, it is possible to
enter the parameters of the movement of buses and passengers along the network for vehicles moving
along different streets (network points) and passing through bus stops (peaks), to observe the nature of
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the bus operation in the route network. By identifying shortcomings at the next stage, you can select
optimization criteria. The creation of such a model makes it possible to identify real obstacles
throughout the network or in its sections, causing delays in the passage of buses on the road network
with different traffic conditions (number of lanes, traffic intensity, intersections, etc.).
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OCOBJHUBOCTI ®YHKI[IOHAJIBHUX MOKJIUBOCTEM
I TEJJEMATHUYHOI'O 3ABE3IIEYEHHS CUCTEMUA
«KOJIICHI TPAHCIIOPTHI 3ACOBU-IHO®PACTPYKTYPA»

IIpedcmasnena po3podxa PYHKYIOHATLHUX MOJNCTUBOCMEN | CUCMEMHO20 3A0e3neUeHHs.
inopmayitinoi  menemamuunoi  cucmemu  «Konicni  mpancnopmui  3acobu-
Inghpacmpyxkmypay, sk cucmemu CynymHuKo8020 MOHIMOPUH2Y | YNPAGIIHHA MPAHCROD-
mMHUMU 3acobamu 68 ymosax ingpacmpykmypu. Ilokasani ocHosHi ih@opmayiini ckiaoosi
MENeMAMUYHO20 3a0e3NeYeHHsL CUCEMU Y 83AEMOOIL 31 BCMAHOBLEHUMU MOPDOIOSTYHU-
MU CIMPYKMYPAMU.

Knrouoei cnosa: aemomobinvuuii mpancnopm, meiemMamuyia CUCmemd, KOAICHUL mpaH-
cnopmuuil 3aci6, iHgpacmpykmypa, MOHIMOPUHe.

R.V. Symonenko. Features of functional possibilities and telematic support of the sys-
tem «Wheeled vehicles-Infrastructure». The development of functional capabilities and
system support of the information telematics system «Wheeled vehicles-Infrastructure» as
a system of satellite monitoring and vehicles control in the conditions of infrastructure is
presented. Application in the conditions of practical activity of the system motor
transport is presented as specialized software and hardware complex for remote control
of the parameters of a wheeled vehicle power plant technical condition, for control of a
power plant operating conditions and transmission of a wheeled vehicle, as well as per-
forming of the given law of movement of the wheeled vehicle in the given conditions of the
infrastructural environment. It has been shown that the system «Wheeled vehicles-
Infrastructurey is designed to solve scientific and production problems of road transport
in terms of optimizing the operation of the wheeled vehicle and is a comprehensive solu-
tion for monitoring and control of the parameters of their technical condition and traffic.
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