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Anomauia. Cmamms npucesiueHa akmyaibHii npooaemi po3eumKy 8eaUKUx Micm — niOSUUEHHIO AKOCHI
00C1Y208Y8AHHS HACENEHHS eNeKMPUYHUM MYHIYUNATbHUM MPAHCNOPMOM MA SUpiuleHHI0 Yyiei npobiemu
wiisxom iHgopmamuszayii cucmemu ynpasainua. B oanuii wac ons niompumku pobomu OuCnemuyepCbKux
CYAHCO WUPOKO BUKOPUCTHOBYIOMbCA PI3HI IH(oOpMmayitini cucmemu. Y cmammi HAOAHO 0271510 MAKUX CU-
cmem. Ilokasano, wo oucnemuepam y pexcumi pedibHO20 Yacy HA0aromvbcsa Oani NPo MexXHIYHULl CIMaH i
CMaH MPaHCNopmuux OOuUHuYb Ha mapwpymi. Taxum 4uHoM, OCHOBHUM 3ACODOM 3a6e3neueHHs: AKICHOT
PoOOMU MICOKO20 MPAHCHROPIY OUCHEMYEePCOKUMU CAYICOAMU € CKIAOAHHS 2papIKie pyXy HA OCHOSI Oe-
AKUX CIMAMUCTIUYHUX OQHUX | e8PUCTNUK, MOHIMOPUHE BUKOHAHHS Yb020 2pagika i nputiHamms pileHb Ha
ocHosi yux oanux. Ilpu ybomy 0ani npo nomouHe 3HAYEHHs NACAICUPONOMOKY He 8i00Mi i He 8paxos8y-
tomuves. Tlacasxcuponomix — eenuyuna CKAAOHOT Npupoou, NOMOYHE 3HAYEHHS AKOI Modce ICmOmHO
8i0pisHamucs 6i0 nepeobaueno2o epaghikom pyxy. Y cmammi Hagedeni 0aHi MOOeIbHUX OOCHIONCEHb Hd
peanvhux oanux (018 m. Xapkosa). Ilokasano, wo 6 8eauKux Micmax iMoipHicmMb 6I0MO8U NACANCUPOSI 8
nepege3eHHi Moxce Oymu KpUmMuyHoO GeIUKOI0 HAGIMb NPU HEGeIUKUX BIOXUICHHAX 3aN08HEHHs i iHmep-
6anie 6i0 3HaueHb, nepedbaueHux epaghikom pyxy mpaucnopmy. 3anponoHo8aHo KOHyenyino iHgop-
MAyitiHoi cucmemu, KA 8 PeNCUMI peaibHO20 4acy GI3Yani3ye HA eKpaHi oucnemuepa He milbKu NOJO-
JHCEHHs, ane i CMYNiHb 3a8aAHMANCEHH MPAHCHOPMHUX 00UHUYb Ha mapwpymi. IIpononyembca usnaua-
My 3aN08HIOBAHICINb MPAHCNOPMHO20 3AC00Y W00 NOMYHCHOCI, CNONCUBAHOT e1eKMPOOBUSYHAMU NiO
yac pyxy. Ha npocmiii moOeni nOKa3aHo NPUHYUNOBY MONCIUBICIb MAKo20o nioxody. Takodic 3a3HayeHo,
AKUM YUHOM Y51 MOOeTb Modice Oymu 800CKOHaneHd. Ilcmomuum Ons npakmuunoi peanizayii cucmemu € i
me, Wo Cy4acHi mpameai OCHaujeHi 6cima HeoOXIOHUMU NPUCMPOSAMU: CHIOOMEMPOM, HAXULOMEMPOM,
sammmempom i GPS-0amuuxamu. Hasooamvca ocnoeui npunyunu nody0osu apximexmypu makoi iH-
dopmayitinoi cucmemu. Ilomouni oani npunadie 3yUmMyrHomsCsa i 8iONpasIAOMsCs Ha cepsep 015 0OPOOKU.
Obpobneni dani nodinsiomuvcst Ha 08a nomoku. QOun NOMIK NPusHa4eHull 015 eizyanizayii cumyayii Ha
MApUPymax y pexcumi OHIauH Ha MOHIMOpi oucnemyepd. [Hwui nomix s61ie cobow Oati, sKi nepeda-
FOMbCs 8 peno3umopiil 0 30epicanus i no0AIbLUIOT 00POOKU.

Knrouoei crosa: ingpopmayivini cucmemu, inghopmamuzayis ynpasiinHsi MiCbKUM e1eKmpompancnopmo,
XMAapHi MexHoN02ii, pyxomutl CKAao, Oucnem4epu3ayis.

Annomayus. Cmamvs nocéaujena axkmyaibHol npooaeme passumus KPYNHbIX 20po008 — NOGLIULEHUIO
Kawecmea 0O0CIyHCUBAHUS HACENeHUS INeKMPUYECKUM MYHUYUNATIbHBIM MPAHCHOPMOM U PEUeHUuI0 2motl
npobremvl nymem uHpopmamuzayuy cucmemsl ynpasienus. B nacmoswee apems 0ns nodoeposcku pabo-
Ml OUCNEMYEPCKUX CYIHCO WUPOKO UCTONbIVIOMCA PA3TIULHbIE UHGOPMAYUOHHbIE cucmembl. B cmamobe
oan 0030p maxux cucmem. Ilokazano, umo oucnemuepam 6 pedxcume peaibHo20 6peMeHU nPpedoCmasis-
10mcsi OaHHble 0 MEXHUYECKOM COCMOAHUU U NOJONCEHUU MPAHCNOPMHBIX eOunuy Ha mapuipyme. Taxum
00pa30M, OCHOBHBIM CPEOCTNBOM 0OecneyeHus KaueCmeeHHOU pabomvl 20pOOCKO20 MpaHcnopma Ouc-
NemyepcKuMU CIyHcoOamu A6sAemcs COCmasneHue spapuros 08UMXCeHUs HA OCHO8e HEKOMOPbIX CIAmu-
CMUYeCKUX OAHHBbIX U IBPUCMUK, MOHUMOPUHS 6bINOIHEHUs. d9MO020 2papuKa u npuHsmue peuwenui Ha
ocHose amux 0aunviX. [Ipu smom Oanuvlie 0 mexyujem 3HA4eHUU NACCANCUPONOMOKA He U3BECHHbI U He
yuumuigaromes. Ilaccasrcuponomox — 8eIutuna C1oiCHOU NPUPoObl, meKyuee 3HaieHue KOmopou Molcem
CywecmeeHHo OMaAULamsCs Om npedyCMOmpeHHO20 papurkom ogudxceHus. B cmamve npugedenvl Oannvle
MOOENbHBIX UCCTeO008AHUTI HA PeanbHbIX 0anublx (014 2. Xapvkoea). Ilokazano, umo 6 KpynHuIx 20pooax
6EPOSIMHOCMb OMKA3A NACCANCUPY 8 NEPedo3Ke Modcem Dblmb Kpumuyecku 60avuioll oasice npu neboo-
WUX OMKIOHEHUAX 3aNOIHeHUs U UHMEPBANO8 OM 3HAYEeHUU, NpedyCMOMPEHHbIX 2PAPUKOM OBUNHCEHU
mpancnopma. Ilpeonodicena Konyenyus unGOPMAYUOHHOU CUCTEMbI, KOMOPAs 8 Pedcume peanrbHO20
BPeMEHU BU3YANUUPYem HA IKPAHe OUCHemyepa He MOIbKO NOLOJCEHUe, HO U CIEeNeHb 3a2py3Ku MpaHc-
nopmuwlx eOuHuy Ha mapwpyme. Ilpeonraeaemcs onpedeisimos 3anoaHAEMOCMb MPAHCHOPMHO20 CPeO-
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cmea no MOWHOCMU, NOMPEOAAEMOU INEKMPOOGUeAmMensiMU 60 epems ogudicenus. Ha npocmoii modenu
NOKA3aHA NPUHYURUATLHASL 803MONCHOCHb MAK020 nooxoda. Taxoce ykazano, Kakum o6pazom sma mo-
denv mooicem 6vimb ycosepuiencmgogana. CyujecmeennviM 05t NPAKMUYECKOl peanu3ayuy CUcmembl
AGNAEMCS U O, YMO COBPEMEHHble MPAMBAU OCHAWEHbL 6CeMU HEODXOOUMBIMU YCIMPOUCMBEAMU. CRUOO-
mempom, Haxnonomempom, sammmempom u GPS-oamuuxamu. Ilpusoosmcsi 0CHOBHbIe NPUHYUNBL HO-
CmpoenUst apxXumekmypbl maxkou ungopmayuonnou cucmemvl. Texyuue Oanuvlie npubOPO8 CUUMbBIEAIOM-
cs U OmnpasAOmes Ha cepgep 01 oopabomxu. Obpabomanrvie Oanuvie densames Ha 08a nomoka. OOun
NOMOK NpeoHasHaveH OJisd GU3YANU3AYUY CUMYAYUU HA MAPWPYMAx 8 pexicume OHAANUH Ha MOHUmMope ouc-
nemuepa. /[pyeoii nomok npedcmagnsem cobol 0anuble, KOMopble nepedaiomcst ¢ peno3umopuil 0Jist Xpa-
HeHUsl U OanbHeluell 0opabomxu.

Knwouesvie cnoea: ungopmayuonuvie cucmemvli, UHOOPMAMU3AYUL YAPAGTIEHUS 20POOCKUM INEKMPO-
MPAHCROPMOM, 0DNAUHbIe MEXHOA02UU, NOOGUIICHOU COCMAB, OUCNEeMYEePU3AYUSL.

Abstract. The paper deals with the topical problem of the large cities development — to improve the quality
of service for the population by electric municipal transport and to solve this problem by informatization
of the management system. Currently, various information systems are widely used to support the work of
dispatch services. The paper provides an overview of such systems. It is shown that dispatchers are pro-
vided with real-time data on the technical condition and position of transport units on the route. Thus, the
main means of ensuring the high-quality work of urban transport by dispatch services is the drawing up of
traffic schedules based on some statistical data and heuristics, monitoring the implementation of this
schedule and making decisions based on these data. At the same time, data on the current value of pas-
senger traffic are not known and are not taken into account. Passenger traffic is a value of a complex
nature, the current value of which may differ significantly from the provided traffic schedule. The paper
provides data of model studies on real data (for Kharkiv city). It is shown that in large cities the probabil-
ity of denied boarding can be critically high even with small deviations in occupying and intervals from
the provided values by the traffic schedule. The concept of an information system is proposed, which in
real time visualizes on the dispatcher’s screen not only the position, but also the degree of loading of
transport units on the route. It is proposed to determine the occupancy rate of the vehicle by the power
consumed by the electric motors while driving. The fundamental possibility of such approach is shown on
the example of simple model. It is indicated how this model can be improved as well. It is essential for the
practical implementation of the system that modern trams are equipped with all the necessary devices: a
speedometer, an inclinometer, a wattmeter and GPS sensors. The basic principles of building the architec-
ture of such an information system are given. The current data of the devices is read and sent to the server
for processing. The processed data is divided into two streams. One stream is intended for online visuali-
zation of the situation on the routes on the dispatcher’s monitor. Another stream is data that is transferred
to the repository for storage and further processing.

Keywords: information systems, informatization of urban electric transport management, cloud technolo-
gies, rolling stock, dispatching.
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1. Introduction

The percentage of the urban populationin

Urbanization and the rapid pace of urban growth — a
natural consequence of the development of post-

industrial society in the context of globalization. Fig.
/ 1 shows the data of the United Nations about increase
the share of Europe's urban population in the past

decade, and the forecast for the next 30 years [1].
According to the same UN department,
Ukraine is a typical representative with 69% in 2018
W e and with a forecast the growth to 78% by 2050, de-
Figure 1 — The dynamics of urban spite a slight decrease in population. Thus, all the
population growth in Europe problems associated with these processes are fully
characteristic of Ukraine.

Europe
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«The city is a tool of labor» — so figuratively Le Corbusier defines the city in his mono-
graph «Urban planning» [2]. Also, in this book, he formulates the basic principles that underlie
modern ideas about the creation and development of cities. In particular, according to the instruc-
tions of Le Corbusier, for the effective operation of the city as a living environment and human
activity, the pace of development of transport should be ahead of the pace of development of the
city.

Kharkiv city electric transport [3] is developed much better than the subway [4]
(Figs. 2, 3).
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Figure 3 — Subway scheme in the city of Kharkiv
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Moreover, the fare in electric vehicles is significantly less than in the subway (in 2019,
30% less).

Despite this, in the last decade there has been an increasingly noticeable negative trend in
the volume of transportation by ground electric vehicles. According to the State Statistics Service
for 2018, for example, trolleybuses were transported 131,8 million and trams 108,1 million pas-
sengers. During the same time, 223 million passengers used subway. Thus, the total volume of
ground electric transportations decreased by 2,2% compared to 2017.

The main conclusion is that the main reason is the lower quality of passenger service by
urban electric transport and the development of this type of transport is an urgent task for the de-
velopment of a metropolis.

2. Information systems in urban transport management

Informatization of all processes in the management of modern urban transport is one of the most
effective ways to improve the quality of work of this structure.

Today, all megacities use transport management information systems (TMIS), which in-
clude various geolocation services (GPS, etc.) to control the operation of transport in real time.

TMIS can be divided into two types: universal and specialized, designed specifically for
urban transport.

Universal TMIS are designed based on the ability to dispatch different types of transport
(public and private, freight and passenger, buses, taxis, etc.). The universality of these systems is
determined mainly by the following:

« Software solutions are created for all popular OSs.

* Support for a large number of protocols and services.

+ Unlimited number of transport units on the route.

« The ability to integrate into this service a large number of systems of a specific user or
vehicle.

Sufficiently complete information about such systems can be found on the sites [5] and
[6]. As a typical example of such systems, one can consider the service «BaseRide» [7].

Fig. 4 shows a screen of this system with information about vehicles and their routes, in-
cluding data from vehicle systems integrated into the service.

[ = J =reen oo Ok | L

15:04:45 2013-04-06 561

15:57:19 2015-06-10 5GT

GBC 8593 M -

=S
Figure 4 — A screen of the system «BaseRide»

Universal systems provide opportunities for receiving data on congestion and passenger
transport. These features require the installation of special optical sensors on the vehicle to direct-
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ly count the number of incoming and outgoing passengers. This method of assessing the conges-
tion of municipal transport seems unrealistic in the conditions of passenger traffic in megacities.
All existing information systems for urban transport can also be divided into two types:
for passengers and for dispatchers.
An example of passenger-oriented systems is [8, 9]. The Smart Area system [9], which is
being developed as part of the «Zupinkax» project and has already been launched in test mode in
the city of Kharkiv (Fig. 5).

SMART AREA 9 xapev

CxeMu MapwpyTis

~ ®

Figure 5 — Information system Smart Area in Kharkiv

This system allows residents of the metropolis using a smartphone to track the movement
of trams and trolleybuses along routes. It is also possible to receive information about the arrival
time of the transport to the stop and about the number of transport units on the route.

In the new version of the system, it is supposed to display information about changes in
public transport routes, as well as to add the function of creating an individual route with the de-
termination of transfer points and cost. The use of such systems as means of traffic control is not
intended by developers.

An example of TMIS for dispatchers can be considered a system that is implemented by
the Lviv Transport Administration [10]. The vehicles are equipped with GPS devices, and the
computers of the LME «Lvivelectrotrans» dispatchers with special software. Also installed feed-
back tools with drivers. This makes it possible in real time to control the timetable, the number of
trams and trolleybuses on the routes. Obtaining information on the congestion of a transport unit
is not provided.

3. The quality of passenger service by urban electric vehicles

The quality of urban transport is determined by the quality of the economic organization of
transport (the number and ramification of routes, the condition of park services, tracks and rolling
stock, etc.) and the quality of the dispatch service [11].

The main task of the dispatch service is to ensure consistency between the passenger flow
and the intervals of traffic between stops on the route. Currently, such compliance is established
mainly using traffic schedules.

The table 1 shows the real data [12] for a largely typical for Kharkiv trolleybus route
number 2.
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Table 1 — Passenger traffic and trolleybus intervals for route #2 in Kharkiv city

Passenger flow Interval Passenger flow Interval
Timeline (pass/min) (min) (pass/min) (min)
(Weekdays) | (Weekdays) | (Weekends) | (Weekends)
Morning 15 8 10 10
Day 10 8 17 10
After 8 p.m. 7 9 19 10

The total number of seats in the vehicle of this route is 150 passengers.

To assess the quality of the work of the dispatching service, we use the quality indicator
proposed in [11] — probability P of the refuse a passenger a ride at a stop due to overloading of
vehicle.

Fig. 6 and 7 show these dependencies for data in the table. In these figures, curves 1 cor-
responds to morning hours, curves 2 to daytime and curves 3 to evening time.

“
1
0.8 3
) 2 0.8
0.6 1 2
0.6
1
04 3 04
02
0.2
\ — ‘
b 8 10 12 14 16 18 20 = 3 m rey u r P %
Interval, min Interval, min

Figure 6 — Dependence of the probability of  Figure 7 — Dependence of the probability of
the refuse a passenger a ride on the interval ~ the refuse a passenger a ride on the interval
of traffic on a weekday of traffic on a weekend

In the daytime of the working day (curve 2 in Fig. 6), the probability of refusing a ride be-
comes critical (P >0,87) only if you are late for a time longer than the interval of movement
(1>8min).

On weekdays in the morning, the interval of movement is 8 minutes (table) and the prob-
ability of failure if the schedule is observed is small P(8)=0,003. But P(10)=0,77 and

P(@1)=0,87. That is, at peak hours (curve 1), the probability of the refuse a ride becomes critical

already with a two-minute lag of the trolleybus from the schedule.

On weekends in the morning (Fig. 7, curve 1), traffic is free and traffic irregularities are
allowed over a wide range. In the daytime (curve 2), and even more so in the evening (curve 3),
the probability of a denial of transportation is very high, even if the traffic schedule is observed,
and is P(10) =0,93P and P(10) =0,99, respectively.

The above examples show how much the quality of the dispatch service depends on the
correct choice of the interval of movement, i.e. the number of transport units on the route. At the
same time, the determining factor for the dispatcher is the ability to estimate passenger flow val-
ues in real time.
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Currently, the distribution of passenger traffic over time is determined based on heuristics
or statistical studies. However, this multifactorial quantity has a hyper-random [13] and even
chaotic nature [14], which is poorly modeled by existing engineering methods.

Based on the foregoing, it can be concluded that currently the dispatch services of urban
transport in metropolises have sufficient means to monitor the movement of vehicles and control
the actions of drivers in real time.

However, the current TMIS does not have the means for monitoring passenger flow and
vehicle occupancy in real time. The accumulation of data on passenger flows is practically non-
existent, which would allow the use of modern Data Mining methods to obtain data on the regu-
larities of changes of this characteristic of a complex nature. In general, the combination of all
factors, in our view, is the reason for the decline in the quality of work and, as a result, the de-
crease in the volume of passenger transport by land electric transport.

Thus, the development of an automated information system that would make it possible to
obtain, collect and store real-time data on passenger flows and occupancy rate of urban traffic is
an urgent task. Visualization of the data on the dispatcher’s screen, as well as the knowledge of
the regularities of their changes, will contribute to the improvement of operational decisions on
the municipal ground electric transport traffic management. The work proposes a concept for
such a system.

4. Determination of the congestion on electric vehicles according to the power consumed by
engines

This approach seems to be the simplest in terms of technical implementation. All necessary
measuring instruments and GPS sensors are standard equipment for modern rolling stock.

To describe the concept of the proposed IS in this work it is sufficient to consider straight
sections of the transport route. Also to simplify matters, it is assumed that the power consumed is
measured on the track where the tram is moving at a steady speed. In this case, the force of the
tram is equal to the force of the rolling friction. A more complex model, which accounts the une-
venness and other factors of traffic on the route, if necessary, can be based on, for example, using
the model proposed in [15].

Under the assumptions made, the work of A moving the transport unit by force F along
the route from some starting point Mg to point M (Fig. 1) at a constant speed v in time t is equal
to

A=Fvt 1)
and the power consumed

N =Fv. (2
Fig. 8 shows the rolling stock M. which moves evenly up at an angle of a. In this figure, F
is the force that ensures the smooth movement of the rolling stock, F, - rolling force, F, -
friction force, P — weight of rolling stock, P, — normal pressure force.
At the same time, the force values are related by the ratio

F=F,+F,, (3)
where F; =Psina, F; =Pk, k —rolling friction coefficient, B, =Pcosa, P=R, +P,q, P

— unladen rolling stock weight, P,

pass

— total passengers inside rolling stock.
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Figure 8 — Steady Hoisting of the vehicle

Setting the values to all these ratios in (3), we get
F=(P,.+P.)Kkcosa+sina), (4)

urs pass
Setting the values from (4) to (2), we get the ratio.

Ppass = ﬁ - I:)urs ) (5)
vp

where g =kcosa+sina, k= f *R*n, R —wheel radius, n —amount of wheels.
The value f can be estimated as follows: [16]: f =0,05cm™ for tram and

f =0,0524cm™ for trolley.
For a route containing horizontal sections, lifts and lowers (Fig. 9), the ratio (5) does not

change. Only the value of the parameter 3 changes, as follows:
k horizontal

p=skcosa+sina uphill . (6)
kcosa—sina  downhill

Mg M M
3

Figure 9 — Changing the relief on the route of rolling stock

The value of the power consumed by the engines is determined by the instruments of the
vehicle. Using the ratios (5) and (6), it is possible to estimate the useful occupancy rate of a given
section of the route. If a linguistic variable is defined for this data stream [17] with values, for
example, {empty, unladen, crowded, overcrowded} and each value matches the color of the
transport unit mark on the monitor, then the dispatcher receives additional important information
for making better transport management decisions in the conditions of passenger flows changing.

5. TMIS Concept

The overall concept of TMIS is as follows:

« The rolling stock (trams, trolleybuses) is equipped with a set of devices (GPS sensor,
wattmeter, inclinometer, speedometer), as well as equipment for digitizing and transmitting data
to the server for processing.
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«After the ADC (Analog to Digital Converter), the data will be transmitted to the server
through the use of a mobile network (the choice is based on the high speed of the Internet as well
as the full coverage within the city).

« Data processing on the server is carried out using cloud technologies, namely:

— data transfer to «cloudy;

— storage of data for further processing by Data Mining methods;

— preparation and dispatching of the data to dispatcher’s monitor for traffic visualization.

* The dispatcher screen displays the routes on which each rolling stock is shown as a label
whose position and color changes in real time.

» When the cursor is placed on the mark, data about compliance with the movement
schedule appears nearby.

« If the rolling stock is critically off-schedule, an additional mark (such as an exclamation
mark) automatically appears next to the movement mark, symbolizing the dispatcher’s interven-
tion.

« The dispatcher sees the whole situation on the routes and makes decisions based on the
received data.

The following is a contextual diagram of the main functions of TMIS (Fig. 10) and a
flowchart (Fig. 11) of the control of electric transport on the route using this information system.

. TP
pata. /é> )
«Inclinometer» | & \&/ T
«Wattmeter» i
«Speedometer» D
«Geolocationy > Data-collection R Data ‘/i>
process transmission =
Personnel: T T
*Driver, ‘ ‘ (é)
*Dispatcher Elements of: 3
D - Data «Rolling §t0ck» S
«Information and
S - Server communication
equipment»
TP — Transmission Protocols
N i
% TP Computing power
D Passenger
T Aef flow
(1 )—> Storage of data » Data Mining patterns
@1 a5 @7 _
& ﬁ@/ ¢ Internet traffic
TP Data for
~ operational
@H Data processing > — traffic
D management
T T decisions
oN o
N

[ 1
Visualization of rolling stock:
«Geolocation» «Occupancy»

«Correspondence to the
schedule»

|

L
Figure 10 — Context diagram of the first level of TMIS functions
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Figure 11 — Flowchart of Electric Vehicle Management using by TMIS

6. Conclusions

The article shows, with a specific example, that the quality of passenger service is so heavily de-
pends on passenger traffic that municipal land-based electrical transport can be characterized as a
system critical to the intended use.

It is proposed the concept of the system, the main difference of which from the existing
systems, is that it in real time, besides geolocation, allows to inform dispatcher about the degree
of occupancy rate of transport units on routes.

The system will also collect store and process data to identify hidden patterns in passenger
flows.

Real-time passenger information and knowledge of the regularities of change will im-
prove the performance of municipal surface electric transport.
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