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Anomauis. I pomadcvkuii mpancnopm € 8adciugor CKId0080H YACMUHOK IHppacmpykmypu 6y0b-1K020
micma. Pigenv pozeumky mpancnopmy, 30Kpemd, piéeHb pO36UMKY MAKUX eKOoAo2iuHUx 6udia
Mpancnopmy, AK mpojeudycu i mpameai, eniuede Ha eKOHOMIYHY i eKOJo2iuHy cumyayiro 8 micmi, a
MAKodIC HA 1020 MYPUCTHUYHY NPUAOAUBICMb. 3 4aACOM PO32ANYICEHICIb MAPUIPYMIE 2POMAOCLKO20
mpancnopmy i 00csa2U NACANCUPCLKUX Nepese3ets, SKI 6iH 00CIY208Y€, 3HAUHO 3pOCMAOMb. YNpasinis
Maxow iHGPaAcmpyKmypo cmae CKIaOHUM 3a80AHHAM i 8 MAKOMY 8URAOKY HEOOXIOHO 3aCmoco8ysamu
agmomMamu306ani cucmemu ynpaeninns. Ha oanuii momenm icHye 3HAUHA KilbKiCMb A8MOMAMU308aHUX
cucmem ynpasninHs 2poMa0CbKUM MPaHCnOPMOM, aie Oilbuicmb i3 HUX He MAE Y C80EMY CKAAO0I MAKoi
8aICIUBOI QYHKYIT, AK NOWLYK npulHAmMHUX napamempie mapupymy. Cbo2ooui icnye oocums Oazamo
niox00i6 Wooo BUHAYEHHS NPULIHAMHUX NAPAMEMPI8 MaApuipymy, aKi He € YHIBepCaNbHUMU, i 0I5l KOWCHOL
MPAancnopmHol cucmemu HeoOXioHo niodupamu ceiti Habip Memodis. Y daniil pobomi nposedero ananis i
3anpPoNoOHOBAHO ABMOMAMUZ08AHY CUCIEMY YNPABIIHHA 2POMAOCLKUM MPAHCROPMOM, KA O003601A€
giocmedicyeamu  NOMOYHY NO3UYIIO OOUHUYL 2POMAOCLKO20 MPAHCROPMY, ONIAYY8amu npoizo i
NpoGOOUMY  NOWLYK NPUUHAMHUX NAPAMEmpPIe  Mapuipymie epomaocbkoeo mpancnopmy. Ilowyk
NPULHAMHUX NAPAMEMmpie Mapuipymy 00CASAEMbCA 3d PAXYHOK 3aNpONnoHO8anol iMimayiiuHoi aceHmHo-
OpIEHMOBanoi MoOeni 3 MaKumMu napamempam, sIK iHmepeai pyxy OOUHUYb 2POMAOCLKO20 MPAHCHOPMY
ma KinbKicms OOUHUYL MPAHCNOPMY HA KOXCHOMY 3 mapuipymis. Ha npuxiadi o0no2o 3 mapupymis
2POMAOCHKO20 MPAHCNOPMY NPOOEMOHCMPOBAHA MOICIUBICIG  NOUWLYKY NPUUHAMHUX NApaAMempis
Mapwpymy maxkum 4uHOM, wod KiTbKiCmb RACAXCUPI6 HA 3YRUHKAX npsamyeana 00 uyas. llposedeni
eKcnepumMenmu niomeepounu e@QekmueHicmes 3anponoHO8aHOI MoOeni npu upiueHHi 3a0ay NOWYKY
NPUUHAMHUX NAPAMEmpie Mapwipymy 3a paxyHoK opeanizayii 00cniy208y8anHs MAKUM UYUHOM, W00
KLTbKIiCMb nacajcupié nHa 3ynumxax Oyna oOauzvkoio 00 uyasa. Ilepcnexmusu nodanvuiux 00cniodicets
noA2ams Y pO3UWUPEHHi po3podieHol cucmemu 3a paxyHoK 30iibuen s KLIbKOCME 6XIOHUX Napamempie
ma ii inmezpayii 3 IHUUMU KOMALEKCAMU YRPABILIHHS 2POMAOCOKUM MPAHCTOPMOM.

Kniouosi cnosa: asmomamuzosana cucmema ynpasiinus, memoo iMimayitino2o MOOen08anHs, a2eHmHO-
opieHmosanull NioXio, NPULHAMHI NAPAMEMPU MAPUPYIY.

Annomauus.  ObwecmeenHvlil.  MPAHCNOPM  SIGIAEMC  GAJCHOU — COCMAGIAIOWeE  YACMblO
ungpacmpykmypol 1106020 20poda. Yposewv pazeumus mpaHcnopmad, a UMEHHO YPOBeHb DA3GUMUsL
MAKUX IKOAOSUYHBIX 6UO0E MPAHCHOPMA, KAK MPOINEUOYChl U Mpameau, iusem HA IKOHOMUUECKYIO U
9KOJI02UYECKYI0 CUMYayuro 6 20poode, d MaKdce Ha e20 mypucmuueckyro npusiexameivrHocms. Co
BpeMeHeM PAa36emBIeHHOCHb MAPWPYMOos 0OWEeCmBeHH020 MPAHCROpMA U 00beMbl NACCANCUPCKUX
nepeso3oK,  KOmopvle OH  O00CHyJcueaem, 3HAYUMENbHO — 803PACMANOM.  Ynpasienue  maxou
UHdPACMPYKMypol CMAHOBUMCSL CLONCHBIM 3A0AHUEeM U 8 MAKOM Cydude HeoOX0OUMO UCHONb308AMb
agmomamuzuposantvle cucmemvl ynpagienus. Ha oannviii momenm cywjecmsyem 00abUIOe KOAULECHBO
ABMOMAMUZUPOBAHHBIX CUCHEM YNPABTEHUSL OOUECTNBEHHBIM MPAHCHOPIOM, HO DOLUWUHCIMEO U3 HUX He
npedocmasgisem maKou 6aNCHOU (QYHKYUU, KaK HNOUCK HNpuemieMvlx napamempos mapuwpyma. Ha
Ce200HAWMNUL OeHb CYUecmayen MHOJICECMB0O 8aPUAHMO8 NOUCKA NPUEMIEMbIX NapamMempos mapupyma,
Komopvle He ABIAIOMCS YHUBEPCATbHLIMU, U O KANCOOU MPAHCNOPMHOU CUCmembl HeobdX00UMOo
noobupams  c60U HAGOp Memooos. B Oammoiti pabome npogeden amanuz U  NPeodNOAHCceHA
ABMOMAMUZUPOBAHHASL CUCTEMA YNPABILEeHUs O0OWEeCTNBEHHbIM MPAHCNOPMOM, KOMOPAs NO380J5em
OMCALIHCUBAMD MEKYWYIO NO3UYUID eOUHUY 00UeCm8eHH020 MPAHCHOPMA, ONIAYUBAMb NpPoe30 U
npouU3800UMb HOUCK NPUEMIEMbIX RAPAMEMpPO8 Mapupymos obwecmeennozo mpaucnopma. Ilouck
npuemieMblx  napamempos — Mapuipymog — O00Cmueaemcs 3a  cuem  NpPeON0NCEHHOU  A2eHMHO-
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OPUEHMUPOBAHHOU MOOETU C MAKUMY NAPAMEempamu, KaK UHMepean 08UINCEHUs eOUHUY 00WeCmE8eHHO20
MPAHCROPMA U KOAULECMB0 eOUHUY MPAHCNOPMA HA Kadxcoom u3 mapuwpymos. Ha npumepe oonoco u3z
Mapupymos 00ujecmeeHHo20 mMpaHcnopma npooeMOHCMPUPO8ana 603MONCHOCHL NOUCKA NPUEMIEMbIX
napamempos Mapuipymos maxkum 00pa3oM, uUmooOvl KOIUYECMB0 NACCANCUPO8 HA OCHMAHOBKAX
cmpemunocs Kk Hymo. lIposedenHvle 3KCnepuMermvl NOOMBEEPOUIU IPHEKMUBHOCb NPEONONHCEHHOU
MOOenu npu peuwieHuu 3a0ayu HOUCKA NPUEMIEMbIX HAPAMEMpPO8 MApuipyma 3a Cuem OpeaHu3ayuu
00CIYIHCUBAHUSL MAKUM 00PA30OM, UMOO KOIUYECTNEO NACCANCUPO8 HA OCMAHOBKAX CIMPEMUNOCH K HYIIO.
Tepcnexmusnvl danvHetiuux uccae008aHUll BO3MOICHBL @ CHOPOHY PACUUPEHUsI PA3PAOOMAHHON CUCTHEMb]
3a cyem YGeaudeHus KOJIUYeCmeda 6XOOHbIX NApaMempos U ee UHmezpayuu ¢ Opyeumu KOMHIEeKCamu
VIPAGAEHUsL 0OUWEeCMEEHHBIM MPAHCHOPIOM.

Knwouesvie cnoea: asmomamuzupo6aHHas, — cucmema — YNpAeieHus, — Memoo — UMUMAYUOHHO2O
MOOeUPOBAHUSl, A2eHMHO-0OPUEHMUPOBAHHBLI HOOX00, OONYCHUMble NAPAMEMPbL MAPUPYMA.

Abstract. Public transport is an important part of the infrastructure of any city. The level of development
of transport, in particular the level of development of such ecological modes of transport, as trolleybuses
and trams, affects the economic and environmental situation, as well as its tourist attractiveness. Over the
time branching of public transport routes and the volume of passenger traffic which it serves increase
significantly. Management of such infrastructure is becoming difficult task and, in such case, it is neces-
sary to use automated management system. At present, there are a significant number of automated public
transport management systems, but most of them do not have such an important function as finding of
acceptable route parameters. Today, there are quite a lot of approaches to determining acceptable route
parameters that are not universal and for each transport system it is necessary to choose their own set of
methods. In current paper an analysis has been performed and automated public transport management
system, which allows tracking the current position of public transport units, pay fare and search for ac-
ceptable parameters of public transport routes, has been proposed. Finding of acceptable route parame-
ters is achieved by using of proposed simulation agent-oriented model with such parameters as the traffic
interval and the amount of public transport vehicles on the route. The possibility of finding acceptable
parameters of the route in such a way that the number of passengers at stops went to zero has been
demonstrated on an example of one of the public transport routes. Performed experiments confirmed the
effectiveness of the proposed model for solving problem of finding acceptable parameters of the route due
to the organization of maintenance in such a way that the number of passengers at the stops was close to
zero. Perspectives for further research are the extension of the developed system by increasing the number
of input parameters and integrating it with other public transport management systems.

Keywords: automated control system, simulation method, agent-oriented approach, acceptable route pa-
rameters.

DOI: 10.34121/1028-9763-2019-3-120-128
1. Introduction

With the development of cities, branching of public transport routes and the number of passen-
gers it serves is increasing significantly. The infrastructure management is a complicated task,
stimulating continuous development and improvement of automated systems.

The relevance of this study rests on the need of development of the automated public
transport management systems capable of taking into account more parameters determining their
utilization.

The object of the study is the automated public transport management system.

The subject of the study is the methods of finding acceptable public transport route pa-
rameters.

The purpose of the research is the development of the automated public transport man-
agement system able to find acceptable route parameters using the simulation agent-oriented
model. The developed system should enable its users to track the current position of the public
transport vehicles, to pay fare electronically and to find acceptable route parameters (quantity of
public transport vehicles featuring specified passenger capacity on the route and their traffic in-
tervals).
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2. Problem statement

Let the public transport network be represented by number of public transport stops
STOP={stopil, stopi2,...,stopiN}. The public transport vehicles move according to their routes
with the given traffic interval d. A range of public transport vehicles TRANSPORT={transportil,
transporti2, ...,transportik} provides passenger service using transport network, and each vehicle
can transport its maximum number of passengers capacity. Passenger capacity of public transport
is given by the vector CAPACITY=(capacityl, capacity?2,...,capacityh), where capacityh is the
passenger capacity of the vehicle, capable of transporting the largest possible number of passen-
gers. At any specific time, there is a certain number of passengers at the stops along the route. It
is represented by the number of passengers vector QUANTITY=(quantityinl, quantityin2, ...,
quantityinN). The task of finding acceptable route parameters involves finding for each route
from the range R such acceptable parameters k of the given passenger capacity capacity with such
traffic interval d using the agent model AM={STOP, I, TRANSPORT, CAPACITY, QUANTITY},
that the number of passengers at each stop along the i-route is minimal according to the accepta-
bility criterion represented by the formula:

N
min QUANTITY, = ) quantity, . (1)
n=1

Furthermore, the developed system should enable users to track the current position of the
public transport vehicles, to pay fare electronically and to find acceptable route parameters (quan-
tity of public transport vehicles featuring specified passenger capacity on the route and their traf-
fic intervals).

In order to achieve the main purpose of this work the following tasks need solving:

1. To create the agent-oriented simulation model of the public transport routes.

2. To develop the method for finding acceptable route parameters using the created agent-
oriented simulation model of public transport routes.

3. To develop the architecture of the public transport management system, this includes
the subsystem monitoring the position of each vehicle, the subsystem of fare payment and the
subsystem of finding acceptable route parameters.

4. To determine the ways of further improvement of the created automated system of the
PTMS.

3. Related works

Different works give methods of solving the problem of finding acceptable route parameters for
public transport.

The work [1] describes the ways of optimization of parameters in highly branched
transport networks and their optimal timetables development. In addition, it offers the methodol-
ogy that helps to solve the mentioned problems. The given methodology offers to represent the
branched transport network as a range of street nodes, interconnected by the range of street seg-
ments.

The work [3] deals with the task of synchronizing the timetables of several routes in order
to increase the comfort of movement of passengers. The result of the simulation is the timetable
for the public transport vehicles on the route optimized for the change using genetic algorithms.

The work [4] considers another mathematical model used to optimize the timetable for
public transport vehicles on the route, which might deviate from the timetable. The special fea-
ture of the given model is taking into account the checkpoints on the route where a driver must
arrive at a sharply defined time. To implement this model, the authors suggest using the Monte
Carlo method.

122 ISSN 1028-9763. Matematrnyni Mamuau i cuctemu, 2019, Ne 3



Consequently, most works connected with finding acceptable route parameters and time-
tables, offer mathematical models with a set of algorithms. However, the offered models solve
highly specialized tasks, lacking the possibility to add new parameters in order to increase their
adequacy or to simulate the parameters.

The works [5-8] offer to use the agent-oriented approach in modeling complex social-
oriented systems. In the works [5-8], authors use a simulation modeling method with the agent-
oriented approach to research the dependence of changing the parameters of a complex city sys-
tem. Among the investigated parameters there is quantity of police patrols in the given city dis-
trict, each patrol’s traffic interval and quantity of thefts. The feature of object-oriented models is
that each their element demonstrating certain conduct is represented as a separate object. This
allows providing each object with unique conduct that differs from other objects and positively
affects the adequacy of the model. The authors of the work [5] describe in details the agents in-
volved in modeling, in the work [6] they explain how they are created and how the rules of con-
duct are formulated, and in the work [7] the authors determine the tools used to construct the
agent models. The work [8] presents agent-oriented models for generating crime data in the given
region. This approach was chosen to determine the acceptable route parameters as the one that
suits best for complex social-oriented systems.

The above given existing automated public transport management systems lack the func-
tion of finding acceptable route parameters. The ones featuring this function use various mathe-
matical models, which do not allow adding any new parameters for increasing adequacy or con-
tinuing their modeling. Accordingly, the chosen direction of the research is still at its initial stage
and has some prospects for the further development.

4. Materials and methods

Most modern cities implemented automated systems accounting fare payment in public transport
thus having created conditions for improving the quality of passenger service on transport fol-
lowed by active development of such systems and their commissioning.

One of such systems is DozoR [9] — the system providing information about routes and
stops of public transport in Ukraine’s cities. The system allows tracking on the map the position
of the public transport vehicles a user is interested in and determining the time of arrival of the
vehicle at the certain stop. However, the system has following faults: it does not encompass all
Ukraine’s cities and lacks the fare payment subsystem as well as ability to find acceptable route
parameters.

Clipper [10] is a versatile system of contactless payment for transport services used in San
Francisco. It allows paying fares for many means of transport such as buses, trolleybuses, subway
and cell trains. Most stations in San Francisco are equipped with dynamic electronic displays
demonstrating arrival time of the next vehicle linked to its route. Public transport users can take a
map of the routes with their timetables free of charge. However, the system lacks the function of
finding acceptable route parameters.

The company «CARD-SYSTEMS» developed the automated fare payment system CS-
Trans [11]. The system provides high level of control over the fare payment process, helps to
monitor privileged passengers in order to give them compensation, eliminates the possibility of
counterfeiting means of payment and allows using single ticket. This management system offers
its users a large number of useful functions; nevertheless, it lacks the function of finding accepta-
ble route parameters.

Another system for obtaining information about public transport and navigation is a free
mobile application Moovit [12], developed in scope of Israeli startup Tranzmate. Moovit provides
real-time public transport information. Users can see all nearest stops on the map and plan trips
considering real-time data about all means of transport. The application receives data collected by
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users of the system in real time. Whenever the users travel by public transport with the back-
ground application, it transfers speed and location data.

So, one of the main functions of automated transport management system is to find ac-
ceptable route parameters such as amount of public transport vehicles on the route, their passen-
ger capacity and traffic intervals.

A simulation model t_>ased on the

agent approach was created to find acceptable

| cetroute apenty e shape flos | route parameters. The main elements of the
\ Set stop agents as shape files \ simulation model are public transport vehicle
! agents, public transport stop agents and pub-

Place route et ]f;d stop agents lic transport passenger agents. Each agent

T £ performs its own task. For public transport

Create passenger generators for each stop by vehicle agents, it is moving along the given
using statistic fare payment data route, stopping movement at the designated

I points while its passengers are getting off/on

Set traffic intervals for transport agents on the and continuing movement along the route. If
o a public transport vehicle agent does not have

vacancies and no passenger needs to get off at
the stop, the agent can continue moving with-
out stopping. Public transport stop agents
generate passengers according to the collect-
ed statistics. Fig. 1 describes the algorithm of

Set amount of transport agents on the route
'
Set passenger capacity of transport agents

)
Run the model

T the method of finding acceptable route pa-
Check if route parameters are acceptable by using the rameters using agent-oriented simulation
criterion of acceptability model

At the first stage, we need to create
shape files with routes and stops for future

Vg Are route

displaying them at the city map as stop agents
and route agents. At the second stage, we
need to use statistic data from the payment
statistics gathering module to create passen-
ger generators at the stops on the route. The

parameters
acceptable?

Show recommendation about route

parameters
generators are created to make the simulation
model as close as possible to the real system
Figure 1 — The algorithm of creating the from the point of intensity of passenger flows
agent-oriented route model at different stops on the routes. At the third

stage, we need to change such parameters of
the simulation model as amount of public transport vehicle agents on the route, their passenger
capacity and traffic interval until they are acceptable. In this case the simplest criterion of accept-
ability for each route can be for example minimal amount of passengers at all stops on the route:

N
min QUANTITY, = > quantity, )
n=1

If we consider the criterion within all routes of the simulation model, the criterion of ac-
ceptability will look as follows:

min QUANTITY, = 3 QUANTITY, . 3)

i=1

At the fourth stage, when acceptable parameters of the route are defined, the recommen-
dations related to changing route parameters need providing.
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5. The architecture of the automated public transport management system applying the
proposed model

The developed automated city transport management system combines capabilities of several
different systems. On the one hand, the

' Data layer | proposed system has the function of
T Public trausport server subsystem | - public transport fare payment by the aid
| Trcingand ||| Colleoting . ~ of RFID cards and it offers flexible
emtne) B0 D Sumiaton | siolation || Tumstabe . payment mechanisms with different
posiuon | [applicaton | satistie || Ml EEEE types of discounts. On the other hand,
- ————J—— " the proposed system allows a customer
2 o tr_ack the positior_l of_a pL_Jinc transport
. - B " < vehicle and_ determine its time of arrival.
E E é Sy | £%g 5% The most important feature of the sys-
g g - 3| 3z2| 33 tem is ability to find acceptable public
2 E & & SE& g3 transport route parameters by using the
R I R R = = 1 agent-oriented simulation model. The
Public transport unit subsystem Public transport user subsystem feature makes |t pOSS|bIe '[O Change dy_
! cresmdig  somimmg | e swie | Namically such parameters of the routes
e module L wnspor @S traffic interval and passenger capacity
b N @) e QB N | of vehicles. Furthermore, this feature

i —— I ; . Ly ers
5 e - allows researching possibility of chang-
; Q D\,\ . Publc ing the routes and combining several
| public trnsport - Fare payment | | ema raeomsP . routes in one. Fig. 2 demonstrates the

vehicle module

applisation.timenblemocule | grchjtecture of the transport manage-
""""""""""""""""""""" ment system.
management system The automated city transport
management system has distributed ar-

chitecture and contains following main subsystems.

Public transport vehicle subsystem contains GPS tracking module, GPRS communication
module and fare payment module using RFID card. GPS module identifies the current position of
a vehicle and transfers it to the server in real time using GPRS module. Fare payment data are
transferred to the server using GPRS as well; however, the frequency of data transfer is lower
than the frequency of transferring cur-

RFID ﬁn‘j &?‘ rent vehicle position.
reader ¢ N The architecture of public
Arduino| [ GPS Payment | | Transport transport vehicle subsystem rests on
UNO | |module subsytem | | momitoring Arduino platform described in Fig. 3.
S eygten MySQL database stores user
REST
REST .
reers 1| e data concerning RFID card balance,
GP:(T e T lnetwork the performed operations, personal
il — data and the data necessary for the site
I Web-server apache I .
f f to function. A user puts an RFID card
[ Internet network | on RFID reader. The RFID reader
| E ¢ | reads user’s token and unique number
Figure 3 — The architecture of the uBbrI(l)cv:v i?;ns ort and transfers the data to Arduino UNO.
g g P P Arduino UNO sends REST request via

vehicle subsystem based on Arduino platform GPRS module to APS (Automation

Payment System). The Automation
Payment System has fare amount in its configurations and makes SQL request to MySQL server
to withdraw the defined amount of money from user’s account.
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After successful payment, the Automation Payment System sends response to Arduino
UNO, which informs the user about the successful operation by means of the green indicator and
one beep and if operation was unsuccessful, — by means of the red indicator and double beep. The
user can open the site deployed on server using a browser and perform following operations: re-
fill RFID card balance, check card balance and history of operations with the card, read site news
and contact with the support office.

The public transport user subsystem contains a public transport tracking application,
RFID cards and module for displaying dynamically time of arrival of vehicles. Public transport
users can track current position of the vehicles they are interested in using the mobile application.

The components of public transport vehicle subsystem and public transport user subsys-
tem are distributed over a distance and are used primarily for collecting and displaying data. Un-
like these subsystems, the public transport server subsystem is designed to collect and process the
data received from the public transport vehicle subsystem and public transport user subsystem.

The public transport server subsystem contains following components:

— tracing and interpreting transport position module;

— billing module web application;

— collecting fare payment statistics module;

In addition, simulation module, processing simulation results module and timetable gen-
erator belong to this subsystem.

Tracing and interpreting transport position module allows recording the position of a pub-
lic transport vehicle to data source and transferring the data to the mobile application for public
transport tracking.

Functions of billing module web application include updating and checking the balance of
the RFID card, viewing the history of payment with the link to the position on the map where it
was made and blocking RFID card. Collecting fare payment statistics module is designed for col-
lecting the records of fare payment with the link to the public transport stops thus making it pos-
sible to use the records for adjusting public transport load simulation models.

Simulation module is used to model public transport load simulation. Results of the simu-
lation are transferred to processing simulation results module used for finding acceptable route
parameters.

The timetable generator uses the data from the processing simulation results module to
schedule transport vehicles on the route and sends the timetable to public transport drivers.

6. Simulation results

Simulation results are used in processing simulation results module to schedule public transport

vehicles. Fig. 4 demonstrates graphic representation of agent-oriented simulation model of public

transport load on the route. Squares represent stops and triangles represent public transport vehi-
cle agents.

Brae e —— The presented model

was tested several times to

° . find acceptable route parame-

# ters such as amount of public

o transport vehicle agents on the

- route, their passenger capacity

N and traffic intervals. Chernihiv

of trolleybus route #1 was chosen

for performing the experi-

ments. Let us set the

Figure 4 — Graphic representation of the agent-oriented ters for the first experiment.

simulation model of urban traffic on the route The quantity of vehicles is 3
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trolleybuses, their passenger capacity — 20 people, and their traffic interval — 30 minutes. Fig. 5
demonstrates the diagram of number of passenger at all stops on the route in the first experiment.
So, the first experiment demonstrates that there are many passengers waiting for the trol-
leybus at the stops. This indicates that the route parameters are not acceptable and need changing.
Let us set the route parameters for the second experiment. Let the quantity of vehicles be
4 trolleybuses, their passenger capacity — 40 people and their traffic interval — 20 minutes. Fig. 6
demonstrates the diagram of number of passengers at all stops of route in the second experiment.

g1000 E‘ g1000I
b gl Wl
* HE ‘W L

Figure 5 — The diagram of number of passengers at  Figure 6 — The diagram of number of passengers at
all stops on the route in the first experiment all stops on the route in the second experiment

. In the second experiment, the number

000 i[ of passengers waiting for the transport at the
stops reduced in comparison with the first one.

H Consequently, the route parameters for the se-

00 .b ” cond experiment are better than the route pa-

N

Passenger count__

rameters for the first one but they still can be

H‘l L‘! }m improved.
- ‘ Let us set route parameters for the third

: 10M i 5 . . .
_ =ih - SEESEimEE Son experiment. Let the quantity of vehicles be 6
Figure 7 —The dlagram_of numper of passengers  tro|leybuses, their passenger capacity — 45
at all stops on the route in the third experiment people, and their traffic interval — 35 minutes.

Fig 7 demonstrates the diagram of number of passengers at all stops on the route in the third ex-
periment.

In the third experiment, the number of passengers waiting for the transport goes to zero.
Consequently, the route parameters for the third experiment are the most acceptable among all
the experiments.

7. Conclusions

The work solves the actual task of developing the automated public transport management system
using the agent-oriented model. In addition, it offers the architecture of the automated public
transport management system and creates the agent-oriented simulation model of public transport
routes.

The scientific novelty of the work is in the development of the method of finding the ac-
ceptable route parameters, which, in contrast to existing methods, uses the agent-oriented simula-
tion model that allows reducing waiting times for passengers, costs of its use and the number of
passengers at stops.

The practical value of the results obtained is that the developed automated system of city
transport management allows saving money by optimizing the number of passengers and passen-
ger capacity of public transport vehicles, while improving the quality of passenger service.

The system can be used by any city having public transport.
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Further development of the proposed automated system and the models is possible in the
direction of applying other more informative criteria of acceptability while modeling the parame-
ters of public transport routes.
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