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Purpose. To improve of the route network of the urban passenger transport by identifying the need for the new
rational routes and determining the parameters of the city transport system. The following tasks were determined: to
create of a coordinate model of a transport network of a city with the population of 200 thousand inhabitants and to
determinate of an initial route scheme. Methodology. The procedure of determination of traffic density in different
micro-districts of the city is performed by the gravitation method under the condition of limited information. A
coordinate model of the transport network in the city of Kremenchuk is created in a 2D coordinate system by indication
of the centers of transport districts and their interconnection. Results. The measures for improving of the route network
are devised on the basis of determination of the city transport system’s parameters. For the initial variant of the bus
routes scheme the time spent by all the passengers on travel and changes is calculated. The way taking into account the
assigned routes with the least time of travel and changes is chosen for every traffic density. A sufficient condition for
determination of a through route consists in meeting a natural requirement that the time of passenger’s waiting for a bus
at the initial point of the route should be shorter than or equal to the time spent at the point of change. Originality. For
the first time, we have proved that prospective direction of improvement of the transport system of the Kremenchuk city
consists in determination of the optimum route network, providing introduction into the basic scheme of three new
routes. Practical value. The algorithm of solution to the problem concerning the shortest ways (in time) is developed.
The new engineering solutions are formulated and calculation of the route network is carried out.

Key words: route network, traffic density, correspondence matrix, city transport system.

YJAOCKOHAJIEHHSI MICBKOI TPAHCIIOPTHOI CUCTEMHU

M. M. Mopo3, C. C. KopoJb, A. 1O. ILiiuko

Kpemenuympkuit HallioHaNBHAHN yHiBepcuTeT iMeHi Muxaitna OcTporpaacbkoro

By [lepmorpaBHeBa, 20, M. Kpemenuyk, 39600, Ykpaina. E-mail: portkor@mail.ua

Ha ocHOBiI BCTaHOBIEHMX MapaMeTpPiB TPAHCHOPTHOI CHCTEMH MiCTa PO3pOOIEHO 3aXOI LIOAO YAOCKOHAICHHS
MapmpyTHOi Mepexi. ChopMyTbOBaHO HOBI TEXHIYHI PIMIGHHS Ta IPOBEACHO PO3PAXyHKH MapIIPYTHOI MEpexi.
JlocimKeHHs TacaXKUPOIIOTOKIB MIPOBEJCHO I'PaBiTalliiHIM METOAOM. [[JIsi MOYaTKOBOTO BapiaHTy CXEMH aBTOOYCHHX
MapUIpyTiB PO3PaxOBYETHCS 4Yac, BUTPAYCHUIl BciMa Macakupamu Ha ciigyBaHHs 1 mepecaaku. [Ipum mpomy s
KOXKHOTO MAaca)KMPONOTOKY HUISAX /IS MOi3AKH BUOMPAETHCS 3 ypaxXyBaHHSIM NMPU3HAUYCHHX MapUIPYTIiB 3 HaiMEHIINM
yacoM CligyBaHHS 1 mepecagkd. JloCTaTHbOIO MEPEeAyMOBOIO NMPU3HAYEHHS HACKPI3HOTO MapUIPYTy € 3aJ0BOJICHHS
MPUPOIHOT BUMOTH, 11100 Yac OUiKyBaHHS MacaKUPOM aBTOOyca Ha MOYATKOBOMY IYHKTI Mapuipyty Oyio 60 MeHiie abo
JIOPIBHIOBAJIO Yacy, AKHH 3aTPayeHo Yy IMyHKTI MepecaaK.

KoarouoBi ciioBa: MapuipyTHa Mepexa, acaKMpOIOTIK, MATPHILS KOPECIIOH IEHIIi i, TPAaHCIIOPTHA CHCTEMa MiCTa.

PROBLEM STATEMENT. Conditions of human determination of the need for new rational routes and
activity are related to physiological cycling and detection of the parameters of the transport system.
sociological features, which causes considerable EXPERIMENTAL PART AND RESULTS
variation of traffic density in time and direction of the OBTAINED. When passenger operations are forecast,
transport network. Account of dynamics of formation of the most accurate calculations are obtained by the
passenger operations in time and space is one of labor method of calculation of transport district mutual
consuming problems occurring during transport correspondences based on calculation of population
calculations that are to aim at minimization of variations mobility [2-4]. The idea of this method consists in the
at the network sections taking a number of fact that entire structure of a settlement with a big
organizational measures [1-3]. One of the basic number of passenger-forming and  absorbing
problems of optimization of transport system and correspondences is presented in an enlarged form
rational organization of urban bus transportation (transport districts). This method requires taking into
consists in determination of the necessity for new account each social group.
routes. The next stage consists in distribution of the traffic

The solution to this problem is in the research of density across the network. The following hypothesis is
traffic density among different micro-districts of the city used: distribution of correspondences in the shortest
and the choice of route schemes meeting needs for way of travel [2] determined by the travel distance,
travel without changes. Not only economic results of the amount of time spent on the movement, distribution of
operation of automobile companies but also indices of traffic density across the ways with minimum resistance
the quality of passenger service, i.e. amount of time to movement.
spent for passengers’ waiting for boarding, change, Urban passenger transport is one of the most
probability of refusal to board passengers, depend on important factors providing the vital activity of the city,
solution to this problem on the whole . efficiency of its functioning, joining different parts of

The performed research was aimed at improvement the aggregation into a single complex entity [8-11].

of the route network of the urban passenger transport by
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At present in most Ukrainian cities the structure of
the rolling stock according to classes and passengers
capacity does not provide the proper level of the quality
of transport service of the city population. Under such
conditions the problem of balanced and most efficient
use and development of urban passenger transport
acquires especial topicality and its solution requires the
use of up-to-date approaches and methods of research.

Operation under market conditions makes carriers
look for ways of costs reduction, maximum use of the
rolling stock. Determination of the route needs for
rolling stock is one of the basic problems of
organization of urban bus transportation. External
parameters of the system of bus transportation are the
initial data for further calculation and characteristics of
this system enable assessment of the efficiency of the
obtained results.

Traffic density is the most important factor that must
be taken into account during solution of the mentioned
problems as it objectively reflects the need of the
population for transportation. Apart from timely
servicing of the traffic flow, an important component
for the choice or distribution of buses among the routes
consists in expenditure of the automobile operating
company for the route exploitation [6], which depends
on the number of buses, their type (passengers capacity)
and various technical and operational parameters.
Capacity of the rolling stock [8, 9] is determined by its
design features. A lot of factors are taken into
consideration during the choice of the rolling stock
capacity: traffic flow intensity in one direction at the
busiest section; unevenness of traffic density
distribution at different hours of the day and route
sections; expedient interval of vehicles movement at
different hours of the day. As well as road conditions of
rolling stock movement and streets throughput (in some
streets the movement of high-capacity rolling stock may
be restricted because of the overall dimensions),
transportation costs.

To achieve the posed purpose the following
problems were solved:

— to create a coordinate model of the transport
network for a city with the population of 200 thousand
inhabitants;

— to develop an algorithm for solution of the
problem of the shortest ways (in time);

— to determine an initial route system;

— to create methods for carrying out analysis of
passengers’ movement;

— to check if section routes correspond to the
movement intervals.

The procedure of determination of traffic density in
different micro-districts of the city is performed by the
gravitation method under the condition of limited
information according to [5, 6]. A coordinate model of
the transport network in the city of Kremenchuk is
created in a 2D coordinate system by indication of the
centers of transport districts and their interconnection so
that the center of each transport district have no less
than three and no more than four connections with other
centers Fig. 1.
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Figure 1 —Transport districts in the city of Kremenchuk:
1 — Rakivka; 2 — Kriukiv; 3 — 1-3 Zanasyp; 4 — Center;
5 — Revivka; 6 — Nahorna chastyna; 7 — Lashky;

8 — Velyka Kokhnivka; 9 — Molodizhnyi

According to the obtained coordinate model of the
transport network the length of movement between the
districts is determined by way of measurement. The
shortest connection among the ones existing in the
transport network is chosen.

Resistance to communication between the transport
districts (d;) is determined according to formula:

1
dij:r,
ij

o))

where t; — movement time.

Capacity of the transport districts, labor capacity of
the districts (number of arrivals) (H;) are determined on
the basis of assumption that during the period of time
(rush hour) 80 % of all employees arrive at the district
and there are no travels related to cultural and
household activities.

Residential capacity of the districts (H; ) (the number
of residents of the district or the number of departures
from the district) is calculated according to formula:

5
_N_J=
Hi =N, N, 2
where N, — number of the residents of the district,
people; N, — population of the city, people.

The matrix of correspondence between the transport

districts is calculated by formula:

Y H jdik;
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Determination of the value of correspondences
between the i-thand the j-th transport districts is
performed with the use of the gravitation model.

Elements of matrix Y are determined at the first
iteration. The value of the balance coefficient at the first
iteration is x=1.

The conditions of balance of correspondence matrix
are verified by formula:

[H'-Hj
i
Condition A <10 is to be true, if it is not met for

A-:

J 100% . (4)

one of the districts, the balance coefficient is calculated
by formula:

kj=—F. )

If the condition of correspondence of the initial
value of labor capacity of district and labor capacity
obtained as a result of correspondences distribution
according to the gravitational model is not met by all the
transport districts, new values of balance coefficient will
be calculated and correspondence matrix will be
calculated at a new iteration.

The total number of possible routes will be
determined by formula [7]:
n=”‘(”;_‘1), ©)

where m —number of micro-districts. In our case
n = 36.

Development of the route scheme includes several
stages.

Stage 1. Determination of the shortest (in time) ways
between the points (micro-districts). The following
algorithm of solution to the problem relating to the
shortest ways is the most cautious and consists of two
steps.

Step 1. Give potential O to the initial network node.

Step 2. Look at all links whose initial nodes have
potentials and final ones have none. Determine final
nodes potentials as a sum of the initial node potential
and the time of the bus at the link connecting the initial
and the final nodes. Choose the final node with the least
potential, write it down beside the node and mark the
link with an arrow. Step 2 is repeated till all the nodes
are given potentials.

The results of this calculation are written in Table 1,
where corresponding boxes in the upper left corner
contain points, through which the shortest way passes,
and at the bottom — the time of travel between the initial
and the final points. Calculation for all the points is
performed in an analogous way; each of them is taken
as the initial one and the results are written in Table 1
that reveals all the shortest (as to the travel time) routes
among all the points of the transport network.

Table 1 — The shortest ways of travel among all the points of the transport system

Points of Points of arrival, passengers

depart [ 1 2 3 Z 5 6 7 8 g | Man-hours
1 _ 11 [ *425] 30 Y48 | ta47 | *°71 | P64 | 70 | 44809
2 11 | *"375] 25 Y43 | "42 | ™66 | *°59 | "*65 | 3897,13
3 425 | *375| 125 | *305 | 20 ® 44 | ° 37 | ® 43 | 300527
4 30 25 12,5 _ 18 17 41 | 34 | ® 40 | 31156
5 Y48 | 43 |*305]| 18 B 35 | *°59 | %52 | %58 | 5440,32
6 Y47 | Y A2 20 17 35 _ 24 17 23 2659,2
7 71 | **66 | ° 44 | ® 41 | 59 24 _ ® 41 | ° 47 | 529153
8 64 | *°59 [ ° 37 | ® 34 | *°52 17 | ® 41 _ 40 | 4649,28
9 70 | *°65 | ® 43 | ® 40 | *°58 23 | ° 47 40 _ 3921,1

Stage 2. Determination of the initial route scheme.

A scheme containing routes meeting a sufficient
condition of determination of through direct routes and
even section routes not coinciding with any through
route is taken as the initial route scheme. A route
connecting the centers of three and more micro-districts
by the shortest way and the least amount of time spent
on the travel is considered to be a through route.

A sufficient prerequisite for determination of a
through route consists in  meeting the natural
requirement that, the time of passenger’s waiting for the
bus at the initial point should be less or equal to the time
spent at the change point, i.e. the following relation
should be true:

c-q-T, 1
— <ty ()
p B

where ¢ — coefficient of irregularity of passengers’

coming to the stop; g — capacity of the bus; T, — length

of the calculated period of the day, min.; p — coefficient
of irregularity of traffic density during one hour;
Pij — the number of passengers who travel between final
points of a definite route in the direction of the
maximum traffic density; t, — time spent by one
passenger on change at point 1 that has maximum
duration of the change in comparison with other
intermediate points on the way between the initial and
the final points of a certain through route in the
direction of maximum traffic density.

Routes meeting this condition are included into the
initial variant of the bus route scheme.

According to [5], it is proposed to take the
coefficient of irregularity of passengers’ coming to the
stop equal to 0,5. For further calculation a research is
carried out to determine this coefficient.

Observation was performed from Monday till Friday
(labor travel is of more interest) during the morning
rush hour from 7 till 9 at the Rynok stop, where most
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routes, not only bus routes but also trolley-bus ones,
pass; this micro-district also connects a great number of
other districts.

An observer counts passengers who come to the stop
every 10 minutes not including those who have already
been present at the stop.

The examination resulted in determination of
explicit periods during the rush hour that correspond to
the time when work starts at most enterprises and

| Passengers

100

organizations. Mostly, passengers go to their place of
work or study before 8.00, 8.30 and 9.00 a.m. It is
caused by the operating schedule of plants, factories,
educational establishments. The results of the research
are shown in Fig. 2 where one can see two drops of
traffic density. For example, if a passenger is to be at
work at 8.00, there is no sense to come to the stop at
7.00, so, fewer passengers wait for transport at the stop
at that time.
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Figure 2 — Results of research of the coefficient of irregularity of passengers’ coming to the stop

The coefficient of passengers’ coming to the stop is
determined by formula:

Qe
Qmax

c= 8
In our case it is 0,63.
We analyze if through routes considered in the
example meet the sufficient condition. As to route 1-5

relation  (7) obtains the  following  form
0,63-27-120 ~i:182 6.2.
11 102

The left side is bigger than the right side, i.e. the
time of waiting is longer than the time of change, so this
route is not assigned.

The same is observed at route 1-3, where the time of
change, equal to two minutes, is taken according to
item 4. Thus all other possible through routes are
verified.

Stage 3. Verification of the routes correspondence to
the traffic interval.

Only section routes that do not coincide with the
through ones and pass across the points connected by
other possible bus routes are verified. Such section
routes include 8-9, 3-6, 4-1, 4-2.

To calculate the interval of bus travel along the route
a direction with the highest traffic density is taken. It is
seen in the table that for section route 8-9 the maximum
traffic density is 3922 passengers, for route 3-6 — 2583
passengers, for route 4-1 — 712 passengers, for route
4-2 — 947 passengers.

For route No. 8-9 an average passenger capacity is
found. These districts are connected by route No. 21,
where two buses operate, their passenger capacity is 40
people Iy =1,22 min.

Stage 4. Calculation of purposefulness of assignment
of additional through routes. Apart from routes that
were present in the initial variant it is possible to assign
other intermediate routes, they are assigned only if they
meet condition 1 and have intermediate points. It is easy
to find them in the table, where for very such route there
is a box with at least one number of an intermediate
point in the upper left corner. Accordingly, such boxes
should be chosen either above or below the diagonal
with empty boxes as the table is symmetric. Condition 7
is also to be met. In the considered example these
additional routes may include: 1-2, 1-6, 1-9, 2-6, 2-9,
3-2,4-9,5-2,5-6,5-9, 6-9, 7-2, 7-4, 7-8, 8-2, 8-4.

Let us check if there is traffic flow at these routes.
Detection of traffic density at these routes is performed
taking into account not only the passenger flow passing
from the initial to the final point of this route, but also
taking into consideration passengers who may go by this
route if there are no other additional routes. To calculate
the interval the direction with the highest total traffic
density is taken.

The time spent by all the passengers on travel and
changes is calculated for the initial variant of the bus
route scheme. Moreover, the travel way taking into
account the assigned routes with the least time of travel
and change is chosen for every passenger flow.

Assume that all combinations of routes meeting the
previous conditions are included into the travel scheme.
Then to get from point 2 to point 5 it is necessary to
change at point 4. As route 2-5 meets the conditions, a
direct travel is provided and no time is wasted on travel
to point 4. The time reduced from 45 to 34 min.

CONCLUSIONS.  The  performed  research
determined an initial route scheme and created a
coordinate model of a transport network of a city with
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the population of 200 thousand inhabitants, an algorithm
of solution to the problem concerning the shortest ways
(in time) is developed. Methods for examination of
passengers’ travels are created on its basis and
verification of section routes as to correspondence to
traffic interval is performed.

As a result it is proved that prospective direction of
improvement of the transport system of the
Kremenchuk city consists in determination of the
optimum route network, providing introduction into the
basic scheme of three new routes passing across
districts: 1-2-4-6; 1-2-4-3; 2-5-6-4, and a partial
change of an existing route, route No. 21 to connect
Lashky micro-district with Velyka Kokhnivka and
Molodizhnyi. The coefficient of irregularity of
passengers’ coming to the stop is 0,63.
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Ha ocHOBaHMM yCTaHOBJIEHHBIX MapaMeTPOB TPAHCIIOPTHOM CHUCTEMBI IOpoAa pa3pabOoTaHBl MEPONPHUATHS IS
YCOBEpPUICHCTBOBAHUS MapIIpyTHOH ceTH. ChopMynHpoBaHbl HOBbIE TEXHHYECKHE PELICHUS W MPOBEIEHBI PacueThl
MapupyTHoi cetu. MccnenoBaHnsi maccakMpONOTOKOB ITPOBEAEHBI I'PAaBUTALMOHHBIM MeTOoAoM. [l HadaJbHOTO

BapHaHTa CXEMBl aBTOOYCHBIX MAapUIPYTOB PACCUYHUTHIBAIOCH BpEMH,

3aTpa4y€HHOC BCEMU ITaCCaXUpaMu Ha

cienoBaHUE W Iepecaaku. [Ipm 3ToOM g KaXJOro MAacCaXXHPOIOTOKA MyTh AJIS MOE3IKH BHIOMpAaeTCs C Yy4eTOM
Ha3HAa4YCHHBIX MaplIPyTOB C HAMMEHBIIMM BPEMEHEM CJENOBaHUS U Inepecaaku. JloCTaTOYHBIM YCIOBHEM
Ha3HA4YCHHs] CKBO3HOTO MapIIpyTa SBJIIETCS yIOBJICTBOPEHHE €CTECTBEHHBIX TPEOOBAaHUM, UTOOBI BpEeMs OXKHJAHUI
IaccakupoM aBToOyca Ha Ha4aJbHOM ITYHKTE MapuIpyTa ObIJI0 OBl MEHBIIE MIIM PAaBHO BPEMEHHU, KOTOPOE 3aTPadeHO

B IIYHKTC €peCaKu.

KiaroueBble ciioBa: MapuaipyTHas CE€Tb, INMACCAKUPOIIOTOK, MATpHUIId KOppCCHOHHeHHHﬁ, TpaHCIIOpTHAsA CHUCTEMA

ropoja.
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