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IMPROVEMENT OF LOGISTICS SYSTEM
OF MUNICIPAL TRANSPORT MANAGEMENT

It is established that the use of the transport logistics theory in passenger transportation makes
it possible to eliminate complex contradictions that arise, on the one hand, between passenger and
transport enterprises, and on the other — between transport enterprises and society. It is theoretically
proved that the use of logistical approaches in the organization of municipal passenger transportation
gives a transport company advantages in the fight for the market and passengers, leads to lower costs
and cost of services, improves the quality of service.

On the basis of the analysis of logistical approaches in municipal transport management, the
improvement of logistics transport system is carried out, which, unlike the existing ones, characterizes
branched multithreaded urban transport processes and systems and is built on the basis of modern

information and computer technologies.

Keywords: logistics system, information and computer technologies, municipal transport, pas-

senger transportation.

Relevance of scientific research. From a
logistical point of view, municipal transport
enterprises specializing in passenger
transportation are quite specific entities that are
characterized by the following features [1-4]:

- the process of passenger transportation
takes place outside the territory of transport
enterprise, which increases the requirements for
control over the operation of the vehicle;

- the process of passenger transportation
has high socio-economic importance;

- the need for passenger transportation
depends on a number of stochastic external
factors, which increases the influence of the
control room;
passenger vehicles are sources of
increased danger, therefore the need to ensure the
safety of passenger transportation is indisputable
and has a priority over economic interests of
carriers.

The external environment of the manage-
ment system of passenger transportation is formed
by the following factors: the area of the city, the
number of places and guests of the city, their
mobility, urban planning, the list and orientation
of production enterprises, seasonality, etc.

All these factors are divided into [5]:
controlled or uncontrolled by the
passenger traffic management system;

- long-term or seasonal action;
daily or hourly oscillation of the
frequency of oscillation of passenger flows.
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Such factors should necessarily be taken
into account by the administration of the
municipal transport enterprise in order to
improve passenger transportation.

The municipal passenger transport market
is characterized by high profitability and
dynamism, which can be characterized as highly
competitive, especially in small cities where the
low standard of living of the population does not
allow the use of taxis or private cars.

The increase in the number of carriers
(including private carriers) requires the transport
companies to attract additional reserves to
account for the extensive multi-stream transport
processes and systems within cities, which are
built on the basis of modern information and
computer technologies; improving transportation
quality, safety and cost savings. Logistics and its
principles, which underlie the activities of each
organization, give the latter significant
competitive advantages, and its introduction in
the process of organization of passenger
transportation gives the municipal transport
enterprise significant advantages: reducing costs
and cost of services, improving the quality of
service, etc. [6-8].

The improvement of logistics system of an
enterprise consists in reduced costs. However, if
an enterprise does this on its own and in one of
the subsystems, then there is a risk of worsening
of the overall situation, which will eventually
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lead to a reduction in costs in one subsystem and
an increase in them in another.

Therefore, it is important to improve the
logistics system of transport management for
passenger transportation within the city.

The purpose of the study is to improve the
logistics transport system, which, unlike the
existing ones, characterizes the extensive multi-
stream urban transport systems and is built on the
basis of modern information and computer
technologies.

Analysis of recent research sources. The
use of logistics information systems as a tool in
the passenger transport chain is quite widespread
in various modes of transport, but insufficient
attention is paid to their implementation on
municipal transport.

On the other hand, increasing the number
of trips of citizens of Ukraine in municipal
passenger transport requires high quality and
efficiency of passenger transportation through the
development and practical implementation of
appropriate  organizational, technical and
logistical-methodological measures (introduction
of modern means of traffic, optimization of
routes of transportation, dispatching control
system computer technology, optimal
coordination of different modes of transport,
tariff optimization, etc.) [9].

Therefore, information support is proposed
to be implemented at the level of logistics
development [10-12]: for a motor transport
enterprise (MTE) with a high level of logistical
attractiveness creation of an information
logistics center (ILC); for medium-sized MTEs
with  logistical attractiveness providing
computerized control of dispatching services; for
MTE with low level of logistical attractiveness —

providing dispatching services to the program
management for optimization of decisions in
separate functional areas. O. Bakaev, M. Bilyk,

M. Grigorak,  A. Kalchenko, E. Krykavskii,
G. Kucheruk, O. Novikov, D. Novikova,
L. Mirotin, M. Auckland, Yu. Nerush,

V. Pidgornyi, V. Sergeev, A. Chukhray et al. [13-
16] have researched topical issues of information
logistics in transport: automation of workflow
and EDI technology and have established the
following. The streamlined information flows
provided with the appropriate information and
technical means together with the trained
personnel make up the information infrastructure
of the transport enterprise, the use of which will
allow to streamline the movement of passenger
flows, to optimize the loading of routes, to reduce
material costs along the entire logistical
movement of the vehicle.

At the same time, rational interaction of
different modes of transport should ensure high-
efficiency passenger transportation.

Improvement of logistics management
system. Improvement of the logistics system of
municipal transport management in this scientific
research is complex and characterized in that the
first stage audits the logistics of municipal motor
transport enterprise and identifies zones and areas
of efficiency gains, determines the indicators and
sets the proportion of those improvements.

In the second stage, a set of organizational,
technical, technological, methodological and
information  solutions is  developed and
implemented. In practice, this gives businesses a
10 % reduction in logistics costs.

Thus, the general scheme of improvement
of logistics system of municipal transport
management can be represented thus (Figure 1).

: Process »| Subprocess Regulations Action
TTTTTTTTTTTTTTTTT s LT :
Plan / fact / Performance <: Performance | Weighting factor /
deviation standards indicators | interconnections
" ; Planning schedule - -ttt T
easures for improving ' Improving Cost !
responsibility / the municipal : :' metrics ontimization \
racult transport _ 1
management

Figure 1 — General scheme of improvements of logistics system of municipal transport management
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Based on the results of the evaluation of
logistical approach at municipal transport enter-
prise, we will consider ways to improve these
processes and evaluate their economic efficiency.

Development of measures to improve the
work of an enterprise on passenger transportation
is considered. In order to improve the municipal
transport management and the organization of
passenger transportation management, we will
consider measures aimed at eliminating these
problems by applying a logistical approach and
drawing up a scheme of logistics system.

The scheme (Figure 2) should pay atten-
tion to such competence as "logistical informa-
tion", which determines the most important stra-
tegic resource of logistics. Logistical information
costs are reduced through more efficient man-
agement of information flows, increasing their
speed and improving coordination, with the use
of modern information and computer technolo-
gies.

Inventory
management

Warehousing
and storage

Transpor-
tation

Key
competencies

Logistical
information

Logistical
infrastructure

Figure 2 — Key competences of the integrated
logistics system

Information  resources of integrated
logistics are represented as a kind of "tree"
consisting of 12 basic elements (Figure 3).

Logistical Information logistics
information systems Information technology
\ \
. Electronic data
Appointment The structure of the LIS exchange. Standards
A A

Principles of
organization

System functions

2
Management of
logistical information
flows

Personal computers
\

Communication and
communication tools

A

Bar coding

Figure 3 — Integrated logistical information resources

It is recommended to implement modern
telematics solutions for managing both individual
vehicles and transport parks as an information
base in order to improve logistical approach of
managing a transport enterprise.

So, the transport location and the status of
its key parameters is determined by NASA's
Global Positioning  System  (GPS). The
information is transmitted to the dispatcher via
various GSM digital communication channels —
via the Internet or via SMS and displayed on an
electronic map in real time.

The main possibilities of implementation
of telematics solutions for the management of
transport enterprises are shown in Figure 4 [17].
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Dispatching. The dispatch service is a
department that provides information services
and acts as a coordinator of the passenger and
carrier actions.

The main task of the dispatcher is to
inform the carriers about the status of the route
and the need to change it at different points in the
service area. The greater the flow of information
transmitted by the dispatcher is, the more
convenient it is for the carrier to work with him,
as the probability of timely adjustment of the
route and the timetable is increased. This is
especially evident in the dilution of extensive
multi-stream transport processes and systems
within the city. There is an optimization of the
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carrier's working time by reducing the vehicle's

of passengers in the fast, safe and accurate

"empty" mileage. The complexity of the work of  submission of transport and driver in the
the dispatcher is the necessity to meet the needs maximum occupancy.
Transport
company
Dispatch point Carrier
/ \ \ 4
Administrative Information and Control of the state Securi
functions reporting of transport and ecurity
passengers
T v iyt
-------------------------- Transport @
- the most reliable - databases of drivers, functions | r--mmmmme g ) - engine start control;
data in real time - location and speed of - control of door

stops, vehicles;

i mode; ! ! -archiving of data; transport; opening;
i -archiving of 1 -thereportis - installation of - identification of the
i necessary data; ! universal; SR ST 11 sensors for transport driver;
o reporting on the set E E - report on the E - deta”efj means; - operational
! parameters ' 1 specified parameters | electronic maps communication of the
b R i1 ofthe area; - engine start control; driver with the
- choice of - control of fuel dispatcher at any point

optimal routes;
- routes on the

- installation of
control points of

the route;

- control of the
passage of routes

i map;

consumption;
- inclusion of
accounting devices

- automatic transfer of
coordinates when the
alarm is triggered to
the control center;

- flexible locking of
the engine;

- departure to the
scene of traffic police
units

- distance tracking;

i of the route; :

Figure 4 — Logistic scheme of the basic possibilities of application of telematics solutions for the
management of transport enterprises

The automated system of dispatching
management of passenger transportation by
application of modern information and computer
technologies allows to receive the following
advantages [18]:

- control and implementation of transport
companies plan of transport release on the line;

- automated distribution of transport on
high demand routes;

-compilation of reports on the
performance of drivers, dispatchers and transport
companies.

Research of logistics management sys-
tem. The construction of a transport service
model is based on rational transportation routes
and timetables, i.e. transportation routing.
Routing is the most sophisticated way of
organizing a flow that has a significant impact on
the efficient use of passenger transport.
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As a rule, there is no separate, dedicated
logistics service for most municipal transport
companies. Creating your own logistics service
requires the enterprise and its management a
whole complex of solutions in parallel related
tasks. Thus, it is possible to distinguish the
following general recommendations in the
framework of creating a logistics service and its
effective functioning in the transport enterprise.

There are following ways of improving the
logistics system for managing municipal
passenger transportation as strategic measures:

- further improvement of the dispatching
management of the transport system;

-release of rolling stock of different
capacity and class;

- change in the number of rolling stock
depending on the forecast demand,;

- operative change of the duration and
interval of movement on the basis of constant
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monitoring of the state of passenger
transportation.
The optimal timing of vehicles is

determined on the example of municipal bus

t0:2 m

OZ 4(2-3)=8 m_’<?>/

A

t0:2 m

\

t,(1-2)=8 m |1

|/ 5(1-7)=4m
N\

route No. 25 at the section of the Second Micro-
district stop — the Trade House stop, Cherkasy.

For this purpose, a network graph is drawn
up, showing the technological connection and the
sequence of works (Figure 5).

4_@_.

E(3-4):8 m A

»

t,(5-4)=4 m
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:@ th=2m

Figure 5 — Network schedule of the logistics system of municipal transport management on route No. 25
at the section of the Second Microdistrict stop — the Trade House stop, Cherkasy

Each node corresponds to a specific event,
which is the completion of each stage of work.
Each "edge" corresponds to a certain action,
understood as a process, not the end result.

For example, the edge 0-1 defines the base
route and its area of operation, this action ends at
node 1. For each area of action, the duration is
indicated, which is indicated on the "edges" of
the graph in minutes.

The meaning of the schedule is to display
all  transport links along the route of
transportation. In the case of finding an
alternative route (which does not exist at the time
of calculation) we use the "dummy route” (in
Figure 5 they are indicated by a dotted line).

Let us calculate for our example the
duration of possible and alternative municipal
passenger routes at the section of the Second Mi-
crodistrict stop — the Trade House stop, that is, of
the entire cycle of the agreed passenger
transportation schedule.

To do this, enter the following notation: i, j
are event numbers (event i is preceded by event
J); t(i —j) — duration of action; ty(i), t,(j) is the
earliest term of event completion i or j; t,(i), ta(j)
is the latest term of event i or j.

The term of completion of any j event can
be determined by the maximum value of the
earliest amount of completion of the previous
event and its duration:
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Q) = max {t,() =ti—-j)}. (1)
Two directions will be obvious: 1-2-3-4
and 1-6-5-4. Both routes converge at point 4.
In calculations in the direction 1-2-3-4
assume that the earliest completion date of the
initial event is zero, i.e. t,(1) = 0. Then:

t,(1-2) = t,(1) + t(1-2) = 0 + 8 = 8 min.

For the second event, the previous event is
event t,(1-2). Its completion date is defined as
follows:

to(1-3) = max(tp(1) + t(1-2) + to + t(2-3)) =
=0+8+2+8=18 min.

Similarly, for the third event:

to(1-4) = max(t,(1) + t(1-2) + to + t(2-3) + to +
+1(3-4))=8+2+8+2+8=28 min.

Here, t, is the idle time of the vehicle at
intermediate stops.

The calculation for the direction 1-6-5-4 is
carried out in the same way:

t'5(1-4) = max(ty(1) + t(1-6) + to + t(6-5) + to +
+1(5-4)=16+2+4+2+4=28min.
As you can see from the previous

calculations, the time spent in both directions (1-
2-3-4 and 1-6-5-4) is the same — 28 minutes.
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Considering the time spent on the
alternative route 1-7-5-4, we get the most rational
route equal to:

t"(1-4) = max(t,(1) + t(1-7) + to + t(7-5) +
+1+t(5-4)=4+2+10+ 2+ 4 =22 min.
The implementation of all the measures

described earlier requires a large financial
investment from the transport company, which

requires an assessment of their effectiveness and
return. Therefore, let us further determine
economic effectiveness of these measures.

Cost effectiveness of the proposed
measures. Let’s consider changes in technical
and operational performance of enterprises under
the implementation of measures, i.e. the use of
alternative route 1-7-5-4 (Table 1).

Table 1 — Changes in technical and operational indicators as an example of the use

of an alternative route in the direction 1-7-5-4

Route in the direction of the Second
. Microdistrict stop — the Trade House stop
. Normative -
Characteristics Prior to . .
value . . After implementation
implementation (direction 1-7-5-4)
(direction 1-2-3-4)
Number of passenger transport in municipal B
transport per 1000 inhabitants 1,28-152 37 2,24
Stop density for 1 km 0,87 0,45 0,48
Flight time, min 27-34 53 27,6
Route range, km 6,7-8,0 12,06 7,3
Coefficient of passenger service culture 0,75-0,85 0,04 0,20
When evaluating cost-effectiveness, a - PI = 1 — investments are not profitable:
culture of passenger service is a must: the route is neither profitable nor unprofitable.
K = 1/Pg, 2 In this case:
where Pg is the number of complaints received PI=PCHak/125c1=791,
from passengers. where P is the annual passenger flow,

The value of this indicator according to
2018 assessment is 0.04. The indicator for 2019
at the initial stage of implementation of measures
-0.20.

To further evaluate the proposed measures,
we will estimate the costs of their implementation
and their effectiveness using the project
profitability index.

Finding the Profitability Index — PI. The
profitability index of a route characterizes the
efficiency of investments — the more its value is,
the higher is the return of each invested hryvnia.

Pl is calculated as follows:

pl - PV Ch
~(L+r)

o

Pl = IC.

©)

There are three possible values for this
metric:

- PI > 1 — the rate of return exceeds the
investment: the route should be taken;

- Pl < 1 - route does not provide the
proper level of profitability: route should be
discarded;
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P = 2150 000 people; H — average occupancy,
H = 0,75, C = 5 UAH — fare; k = 15 hours —
working shift; a — number of passenger seats per
1000 inhabitants (see Table 1, a = 2,24); C —time
spent on the flight, (see Table 1, ¢ = 27,6 min);
I — the amount of investment invested (the cost of
a new Bogdan A069 bus), | = 1588 000 UAH
[19].

Since the Pl = 7.91 > 1, so the 1-7-5-4
route is cost effective. Moreover, even if the size
of the investment is multiple of the cost of the
seven new buses (Pl = 1,13 > 1) — the project will
still remain cost-effective.

Conclusions. Thus, the involvement of the
theory of transport logistics in the process of pas-
senger transportation can eliminate the contradic-
tions between passengers, transport companies
and society.

Increasing the number of carriers requires
motor transport companies to use a variety of
methods to further improve the quality of trans-
port, reduce their cost and more. In general, the
principles of logistics that are put into the organi-
zation of the organization's activities give it sig-
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nificant advantages over its competitors. There-
fore, the use of logistical approaches in the activi-
ties of a municipal transport enterprise gives the
latter significant advantages in the fight for the
market and passengers, and also reduces costs
and cost of services, improves the quality of ser-
vice, etc.

The logistics system of municipal transport
management in Cherkasy, which is characterized
by the ability to characterize the extensive mul-
tithreaded transport processes and systems within
the city, has been improved and is based on mod-
ern information and computer technologies. The
network schedule of the logistics system was de-
veloped at the site of the Second Microdistrict
stop — the Trade House stop, which calculated the
duration of traffic on two main and one alterna-
tive routes. It also calculates a profitability index
that demonstrates the feasibility of using an im-
proved municipal logistics management system
to find alternative routes that are more efficient
than actual ones.
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YJIOCKOHAJIEHHS JIOTICTUYHOI CUCTEMHA
YIIPABJIIHHS MYHIIUITAJIBHUM TPAHCIIOPTOM

Bcmanoeneno, wjo 3acmocysamHs meopii  MPAHCHOPMHOL  JO2ICMUKU 8 NACAHCUPCHKUX
nepese3eHHsIX 0A€ MONCTUBICIb YCYHYMU CKIAOHI NPOMUpIuYs, SKi 6UHUKAIOMb, 3 00HO20 DOKY, MidiC
RACAXHCUPCOKUMU | THPAHCROPIMHUMU  RIONPUEMCINBAMY, A 3 OpY2020 — MIJC MPAHCHOPMHUMU
nionpuemMcmeamu i cycnitbcmeom. 30ibluenHs KiIbKOCMI NepesizHUKI8 8UMA2AE 8i0 A8MOMPAHCHOPM-
HUX KOMAAHIU GUKOPUCMOBY8AMU DIZHOMAHIMHI MEMOOU 015 NOOANLUIO20 NOJINUIEHHSL SIKOCIE MPAHC-
nopmy, 3HudIcenHs 1oeo cobisapmocmi mowjo. Teopemuuno 006e0eHo, wo 3aCMOCYBAHHS J02ICMUYHUX
nioxo0i8 6 OpeaHizayii MyHIYUNATLHUX NACAHCUPCLKUX Nepese3eHb 0aeE MPAHCNOPIMHOMY NiIONPUEMCIEY
nepesazu 6 bOpomuv0Oi 3a PUHOK I NACANCUPIB, ede 00 ZHUNCCHHS GUMPAM | 6aPMOCMI NOCAYe, NOANULYE
AKiCmb 00C1Y208Y8aHHSL.

Memoro docniodcentst € YOOCKOHANEHHS 02iCMUYHOT MPAHCROPMHOT cUcmemu, AKa, Ha 8iOMIHY
8I0 ICHYIOUUX, XAPAKMEPUSYE PO32ANYHCEHI 0a2amonomoxosi MiCbKi MPAHCNOPMHI cucmemu ma
nobyoosana nHa 6asi cy4acHux iHpOPMayitiHoO-KOMN TOMEPHUX MEXHONO2ILL.

Ha ocnoei awnanizy nocicmuunux nioxodie 6 YnpaeninHi MYHIYUNATbHUM MPAHCHOPIOM
npogedeHo YOOCKOHWIEHH MaKoi Jnozicmuunoi mpaucnopmuoi cucmemu. Tak, YOOCKOHAAEHO
Jlo2iCMUYHy cucmemy YNpAaeiiHHi MYHIYUNATbHUM MPAHCROpMoOM Ha npukiadi m.Yepracu, ska
BIOPIBHAEMbCSL  MOMNCIUBICIIO  XAPAKMEPUZYEAMU  PO32ANYHCEHI  0A2amMONnOmoKo8i  MpPpaHCnoOpmHi
npoyecu i cucmemu 6 Medcax micma ma no6yooeana na 6asi cy4acHux iHopmayitiHo-Komn ‘1omepHux
mexnonoeii. Ilposedeno po3pobky mepesicegoeo epaghika n02icmuyHoi cucmemu Ha OLIAHYI 3YNUHKA
«/Ipyeuii mixpopaiion» — 3ynunka «byOuHoK mop2ieni», 3a AKUM pO3PAX08aHo MPUBANiCMb PYyXy 3d
080Ma OCHOGHUMU MA OOHUM ANbMEPHAMUBHUM MAPUPYMAMU.

Taxooic po3paxoeano iHOeKc peHmabeibHOCHi, 3a AKUM 008e0eHO OOYIIbHICMb GUKOPUCTIAHHS
YOOCKOHANEeHOI N02ICMUYHOT cucmemu YNpaeuinHa MYHIYUNAIbHUM MPAHCHOPMOM Olsl  NOUWLYKY
ANIbIMEPHAMUBHUX MAPUWUPYMIB, WO € OiibUl eheKMUSHUMU NOPIGHAHO 3 OTUCHUMU.

Knrwouoei  cnosa:  nozicmuuma — cucmema, — IiHQPOPMAYiHO-KOMN IOMEPHI  MEXHON02IT,
MYHIYUNAIbHULL MPAHCROPM, NACANCUPCHKI NePeBe3eHH .

Cmamms naoivuna 16.01.2020
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