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There are different configurations of street and road net-
works in cities, which is why those transportation models that
determine how effectively a public transport network is operated
are different. Along with this, some transport areas may have
characteristic features predetermined by the density of a street
network, the intensity of individual and public traffic. The spe-
cial feature of the current study is determining the operational
effectiveness of dedicated lanes for public transport given a sig-
nificant density of the main street and road network. Significant
density is characterized by its value for the distance between
adjacent intersections in the range of 150—-200 m. With such
planning patterns, there is a mutual influence of the conditions
of individual and public transport between adjacent intersec-
tions. An increase in the distance between intersections disrupts
the stability of traffic flow through its disintegration into sepa-
rate groups based on the dynamic characteristics of vehicles.

A characteristic feature of the proposed procedure for eva-
luating the operational effectiveness of dedicated lanes is that
the use of a GPS monitoring system makes it possible to relative-
ly quickly determine the areas of the network where there are the
greatest delays in movement in real time. After that, attention is
Jocused on investigating the main factors of influence and their
parameters followed by modeling.

The reported results would in the future contribute to devis-
ing a clear sequence of transport-related research based on
a set of their methods in order to acquire representative data and
define adequate patterns. An important practical result is the
use of not only established normative approaches to the design
of dedicated lanes, which are common for all types of street and
road networks but taking into consideration the peculiarities
characteristic of their individual sections
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1. Introduction

Given a constant increase in traffic volumes and restric-
tions arising from land use in cities, most streets face signifi-
cant problems related to traffic flows (congestion, accidents,
and gas pollution). They are especially critical in cities with
dense infrastructure where street and road network configu-
ration was historically developed.

Congestion causes significant time spent on the move-
ment of people and goods, which makes the city’s transport
system inefficient. Even though it cannot be eliminated, such
congestion can be reduced in two typical engineering ways —
increasing the number of lanes and introducing (improving)
automated traffic management systems. The first technique is
usually difficult to implement due to the lack (or absence) of
free territories in a city, as well as due to the high cost of land.
Therefore, scientists and engineers focused on the implemen-
tation of various organizational measures. For example, im-
proving the methods of urban traffic management by priori-
tizing certain types of movements; designing sustainable
urban mobility plans, and others. The first of the proposed
measures is based on that in certain streets traffic preferences

are given to one of the groups of road users. Among them,
the main (in terms of a share in urban mobility) are users
of individual transport, public transport passengers, and
pedestrians. The second measure takes into consideration
rational approaches to the development of urban territory,
based on the criteria for achieving high ease of displacement,
minimum economic costs, and less environmental impact.
The development of information technologies makes it pos-
sible to implement various elements of intelligent control in
order to improve the efficiency of interaction between users
of the transport network.

World science provides a large body of research into
improving the efficiency of passenger transportation in cities
by giving ground public transport priority when passing
sections of the transport network. Such a priority can be
implemented through the allocation of individual streets,
dedicated lanes on main streets, ensuring stop-less passage of
intersections, etc. The choice of prioritization technique de-
pends on the planning characteristics of streets and intersec-
tions, the intensity of traffic. This should include passenger
flows along routes, functional zoning, as well as the configu-
ration of street-road and transport networks.



No less important task is to increase traffic safety, as with
the increase in traffic intensity caused by the increase in
the level of motorization and automotive use, and the lack
of development of transport infrastructure, the number of
traffic accidents grows. Therefore, those areas of research are
relevant whose results would make it possible to determine
in detail the prerequisites, algorithm, and consequences of
the prioritization of public transport along the sections of the
main street-road network with significant density.

2. Literature review and problem statement

Studies [1-3] assess the impact of dedicated bus lanes
on urban traffic under conditions of congestion. Specifically,
article [1] argues about the possibility of promoting public
transport by prioritizing it on all routes. Work [2] compares
three scenarios for public transport — traffic within the ge-
neral traffic flow, the addition of a separate lane nearing the
intersection, and the arrangement of a dedicated lane along
a large length of the route. Along with that, the authors de-
veloped a microscopic transport model along a section of the
street 1,000 m long. At such a distance between the intersec-
tions, the parameters of the incoming and outgoing traffic
flow in this area may have significant differences. In addition,
based on the organization of the technological process of
transportation, there should be at least one stopping point
of public transport within the specified distance, which has a
significant impact on the efficiency of the dedicated lane. The
results reported in [3] established that the greatest effect of
the introduction of dedicated lanes could be achieved if the
entire public transport network had been arranged accord-
ing to that principle. Then there is a general network effect
while the indicator of public transport operation during peak
periods is identical to non-peak hours. In addition, the ac-
celeration of bus traffic makes them a more attractive way of
moving and significantly reduces the share of those users of
the transport system who use private cars. At the same time,
when considering the network effect, there are no defined
efficiency criteria for justifying the implementation of dedi-
cated lanes for different (geometrically) sections of streets.

Quite often, the justification for the effectiveness of dedi-
cated lanes for public transport is based on comparing its
delays, as well as delays in the general traffic flow. However,
not in terms of the number of vehicles but from the stand-
point of transport network users. Thus, work [4] reports the
results of a study on the use of simulation modeling and full-
scale measurements. The simulation implied the creation of
service channels (dedicated lanes highlighted by markings)
for public and individual transport. It was determined that
the effectiveness of the dedicated lane is justified when using
large-capacity buses at the intensity of more than 120 units
per hour and at the number of passengers exceeding 40 peo-
ple in each. In other cases, it is impractical to dedicate a lane
throughout the run; it is necessary to solve issues related to
priority only close to the intersections. Paper [5] considers
the arrangement of a bus lane by reducing the number of
lanes for the general traffic flow, from 3 to 2, between two
stop lines, the distance between which varied (during the
simulation) from 25 m to 125 m. Such a simulation of the
model showed that the increase in the total delay (for the
entire traffic flow, except public) was from 130 to 430 hours.
At the same time, the overall delays of public transport
decreased from 50 hours to about 6 hours. However, there

remains an unresolved issue related to the mutual influence
of public transport rolling stock indicators on the operational
efficiency of dedicated lanes.

Special attention should be paid to works [6—8] that con-
sider urban highways with a high level of transit. Thus, pa-
per [6] applied the microscopic simulation model Paramix to
model a regional road network in order to assess the effect of
road traffic by comparing the speeds of individual transport
and buses that move in dedicated lanes. The advantage of this
modeling method is not to determine delays in the movement
of vehicles before intersections but the average speed of
movement as an indicator of changes in road conditions and
transportation service conditions. Paper [7] also considers
a procedure based on comparing the speeds of buses in the
presence and absence of a dedicated lane in the city main
street at the actual low traffic intensity and at its increase
by 20 %. Additionally, the time for boarding and disembarking
of passengers at each stopping point, which is accepted equal
to 30 s. Based on the data acquired, it was concluded that the
arrangement of a dedicated lane for public transport in the
main street almost does not change the average speed of buses
while the speed of individual transport reduces by 10 %.
This phenomenon can be explained by the fact that buses
follow established schedules and they have regulated stops
for boarding and disembarking passengers. Therefore, their
speed is always less than the speed of individual transport.
The allocation of individual lanes for buses in such areas can
often be justified either by the significant intensity of their
movement on the line (several routes are superimposed) or
for traffic safety reasons. Work [8] focuses on public trans-
port services when using algorithms for randomly searching
for vehicles (buses) in the flow. The application of such
algorithms is based on data acquired from transport detec-
tors that identify that a bus is approaching an intersection.
The principle of operation is that the distance between the
detector and stop line should be at a distance that the bus
can overcome in 7-9 s, which makes it possible for the traf-
fic light to change the group of signals along this direction.
In such a control system, it is important to set limits on the
minimum and maximum duration of the prohibition signal.
The minimum is set in order not to create delays in the direc-
tion where there is the intensive movement of public trans-
port and the maximum — for the necessary passage of vehicles
and pedestrians moving in adjacent phases of regulation.

The main task of the analyzed methods that justify the
arrangement of the dedicated lane for public transport on
sections of main streets is to determine the conditions or
criteria, based on the comparison of the time spent on move-
ment by public and individual transport.

Another group of researchers argues that the most im-
portant task is to provide priority for public transport at
intersections as this is where the biggest traffic delays occur.
Work [9] focuses on modeling the movement of buses in
dedicated lanes between stopping points at different lengths
of lanes. The special feature of the cited work is that the
movement of low-intensity buses is taken into consideration
in a dedicated lane. Given such conditions, the rationale for
prioritizing public transport in this way is quite problematic.
Paper [10] investigated the prioritized public transport at its
considerable intensity by arranging dedicated lanes that are
physically separated from the flow of individual transport.
The advantage of this solution is to increase the speed of
bus service at intersections; at the same time, there are
greater issues related to individual transport maneuvers and



pedestrian safety. Works [11, 12] provide a broad classifica-
tion of techniques for the prioritization of public transport at
intersections in two directions. In the first technique, there
is an active and passive priority. An active priority is to iden-
tify and give preference to driving in the direction in which
a bus or other public transport vehicle approaches. Passive —
when the duration of the phase in the direction that serves
public transport is constantly increased. The second tech-
nique considers a full, partial, and relative priority. With full
priority, they try to achieve zero delays for public transport.
At partial — they imply the continuation of the green signal or
the early green signal is activated. The relative priority takes
into consideration all public transport vehicles approaching
an intersection with preference given to those carrying more
passengers. The third technique involves unconditional and
conditional priority. The difference between them lies in the
fact that in the first case, each vehicle of public transport
is given priority, and in the second — only to those that lag
behind the established traffic schedule. In study [12], the
author focuses on conditional priority. He outlines a proce-
dure for managing traffic lights according to the criterion
of minimizing time losses and indicates the need to improve
the communication system in order to comply with traffic
schedules. When analyzing prioritization methods, it is im-
portant to note that the necessary monitoring of the number
of passengers in the city public transport system can be exe-
cuted through the electronic ticketing system. This is the
case where one can argue about ensuring the passage of more
users of transport — people, rather than vehicles.

Another approach is outlined in studies [13, 14] whose
authors consider the case of the arrangement of dedicated
lanes at the intersection in the case when public transport is
served from all its approaches. The emphasis is on the use of
simulation by employing the specialized PTV VISSIM pro-
gramming environment. Priority is given to public transport
by using an algorithm based on a special phase activation.
That makes it possible to reduce the average bus delay by
50—-87 % compared to non-priority adaptive control at inter-
sections where there are no more than two lanes of traffic in
each direction. It should be noted that such algorithms are
effective during the accidental arrival of buses (trolleybuses
or trams) to the intersection at a low intensity from all ap-
proaches. Otherwise, it is necessary to execute strict control
over the traffic lights.

In order to qualitatively assess the effectiveness of the
dedicated lanes for public transport, it is worth paying at-
tention to stopping points where there may also be signifi-
cant delays in rolling stock. Thus, study [15] identified the
components of such a delay associated with the duration of
movement to the stop (9—11 seconds), the duration of board-
ing and disembarking of passengers (7-23 seconds), the
duration of departure from the stopping point (58 seconds).
All these operations depend on the intensity of public trans-
port, the technique a stopping point is arranged, and its
location relative to the intersection. At the same time, such
delays at stopping points require detailed study in the area of
operation of transport and transfer hubs where there is a high
coefficient of passenger turnover.

The efficiency and reliability of the transport system
must be evaluated or analyzed according to traffic safety
indicators. The general issues and analysis of these indica-
tors under the conditions of priority bus transportation are
considered in [16] whose authors describe the positive and
negative consequences of using various technical means and

engineering measures in different countries. It is believed
that a detailed analysis of traffic safety in the public transport
system should be based on a significant amount of statistics.

Given this, it can be argued that most researchers focus on
analyzing the conditions of transport services based on their
three main components: the sections of streets between inter-
sections, intersections themselves, as well as stopping points.
Each of these components has its characteristics, which are
associated with the time over which public transport utilizes
it. This is due to the peculiarity of traffic flows, the way of traf-
fic control, and the technological processes of transportation.

Summing up, we emphasize the importance of compre-
hensive consideration of all the listed factors, methods, and
techniques for each public transport route. In addition, it is
necessary to justify the arrangement of dedicated lanes in
order to ensure rational time spent on the movement around
a city by various groups of users of the transport network.

3. The aim and objectives of the study

The aim of this study is to improve a method of evaluat-
ing the operational effectiveness of dedicated lanes for public
transport depending on the indicators of traffic flows along the
sections of a street and road network with significant density.

To achieve the set aim, the following tasks have been solved:

—to conduct transport research to determine the pat-
terns of changing the characteristics of individual and public
transport in the sections of main streets with a significant
density of street and road network;

— to perform the simulation of the state of a traffic flow
along a street’s section in the absence and availability of dedi-
cated lanes for public transport.

4. Methods of transport research to determine
the indicators of traffic flows with a significant share
of public transport

4.1. Procedure to experimentally determine the indi-
cators of individual and public transport traffic

We have experimentally determined the indicators of
individual transport movement according to the procedure
of local measurements; for public transport — local and zonal.
The main primary indicators studied in our work were
speed (average instantaneous, connection speed) and traffic
intensity, as well as the composition of traffic flow.

The local measurements of the speed, intensity, and
composition of traffic were carried out along a section of the
street between intersections. The procedure of local speed
measurement was based on the registration of vehicles in the
flow, taking into consideration the relevant reservations. In
particular, when acquiring the instantaneous speed indicator
value for the approaching group, it was necessary to con-
stantly vary the position of the vehicle in it. That is, to avoid
taking into consideration only «fast> or only «slow». The
number of vehicles (sample size) was recorded, based on
types, which should be closely proportional to their share in
the traffic flow. If dedicated lanes were arranged for public
transport, the speed on the lanes for individual and public
transport was separately measured. At the same time, video
recording was used while collecting information on all the
specified indicators of traffic flow. That makes it possible to
improve the accuracy of building experimental dependences.



The primary task of experimental measurement is to
determine the number of measurements. It was calculated
using a confidence probability function. Since local measure-
ments were carried out on main streets with a significant
traffic intensity, when traffic flows were in a state of con-
stant saturation, 12 measurements were carried out for one
section of such a street to determine the intensity of traffic.
In addition, local measurements of indicators in traffic flows
were carried out during peak periods of working days in
order to determine their critical values. To determine the
representative values of the motion speed, each measure-
ment registered 50 vehicles. The arrays of collected data
were treated using the methods of mathematical statistics,
taking into consideration the frequency of appearance of the
corresponding values of intensity and motion speed. These
methods determined the indicators of the distribution of
random values (indicators of traffic flow) and its nature. For

a traffic flow that is in a state of saturation, its indicators are
subject to the normal law of distribution.

For public transport, zonal motion speed measurements
were also carried out using the specialized software to mon-
itor movements, MicroGIS (Ukraine), which monitors the
movement of GPS sensors located in rolling stock. Infor-
mation is first generated in the form of «stadiums» of move-
ment (Fig. 1); it can be obtained later in a decrypted form, as
given in Table 1.

Having data on the average delay of public transport at
the stopping point, the distance between the stopping points
and, based on the results of GPS monitoring (Table 1), one
can accurately calculate the speed of connection along the
sections of the route. In addition, those sections where the
lag from the schedule are typical and are constantly found in
all reports make it possible to justify decisions to prioritize
public transport.

UA-GIS TREK
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® 2018 UA-GIS

Fig. 1. MicroGIS software interface:
1 — instrument panel; 2 — vehicle indicating the body number and lag time (ahead) relative to the established schedule;
3 — «stadium» of movement; 4 — the name of the stopping point at the «stadium» indicating its citywide code

Table 1
Report from the MicroGIS software on compliance with traffic schedules on a public transport route
Vehicle: AA-6381-TX
Route A01 (Halyts’ke perekhrestya — Halytska square) 2019,/09,/01 07:00
Schedule: 01-4
Geo-zone (na.me Qf the stopping point Planned arr'ival time at the | The actual time of ar.rival at the Notes
and its city number) stopping point stopping point
Halyts’ke perekhrestya, boarding (593) 2019/09/01 10:30 2019/09/01 10:35 Lag behind schedule
Nazaruka (592) 2019/09,/01 10:32 2019/09/01 10:39 Lag behind schedule
Skeyt-park (738) 2019/09/01 10:34 2019/09/01 10:39 Lag behind schedule
Avtostantsiya 2 (601) 2019/09/01 10:37 2019/09/01 10:41 Lag behind schedule

Khimichna (608)

2019/09/01 10:51

2019,/09/01 10:52

Timely arrival

Kulisha (6)

2019/09/01 10:54

2019/09/01 10:53

Timely arrival

Teatr opery ta baletu (68)

2019,/09,/01 10:58

2019/09,/01 10:57

Timely arrival

Teatral'na (40) 2019/09/01 11:43 2019/09/01 11:13 Ahead of schedule
Chornovola (7) PK 2019/09/01 11:47 2019/09/01 11:22 Ahead of schedule
PK Khotkevycha (615) 2019/09/01 11:49 2019/09/01 11:23 Ahead of schedule




Zonal measurements of the movement speed of public
transport were carried out constantly, that is, for all the time
of rolling stock on routes. That makes it possible to compare
the speed values obtained from the results of zonal and lo-
cal measurements. Additionally, this method of continuous
measurement makes it possible to determine the speed of
public transport along the sections of the route during the
decline in the intensity of individual transport. In order to
establish its weighted average value, we treated the data on
speed acquired from the results of zonal measurements using
mathematical statistics methods.

4. 2. The procedure of research involving the simula-
tion in the PTV VISSIM programming environment

The advantage of simulation using the PTV VISSIM
programming environment is the possibility of deriving
adequate patterns of change in the state of a traffic flow at
its various indicators. Based on the purpose and goals of
this study, an algorithm was developed for building a basic
model of two-way directions on main streets with the same
runs to regulated intersections. This basic model assumes the
simulation of the state of a traffic flow in the absence and
availability of dedicated lanes for public transport by using
the results of field observations.

In the first stage, we calibrated the map with a reference
to actual objects of research — the sections of streets. Next,
a basic model was built in the following sequence:

— segments with two lanes are accepted that approach the
regulated intersection with a length of 200 m;

—a model of each type of vehicle moving in the traffic
flow is set indicating their percentage;

— the main control point (stop line) is accepted, which
registers the number of vehicles that crossed it in the model,

— additional checkpoints are created at some distance from
the main one in order to later determine the travel time of
vehicles between them (the length of experimental sections);

— the model is supplemented with information about the
actual intensity of movement in order to determine the pat-
tern of change in traffic flow indicators;

— traffic lights are accepted with a certain consistent
group of signals that would reflect the mode of control when
approaching the regulated intersection;

— meters are installed to record the number of vehicles for
which delays are measured relative to the main checkpoint.

After developing the basic model and determining the
initial characteristics of a traffic flow, it is possible to simulate
its state at any change in input indicators (the intensity and
composition of movement).

5. Results of estimating the operational effectiveness
of dedicated lanes for public transport

5. 1. Establishing patterns of change in the characte-
ristics of traffic flow at different ways of organizing public
transport

The field local observations were carried out on Chor-
novol Avenue in the city of Lviv during peak periods of the
specified working days. In particular, before the introduc-
tion (in 2019) and after the introduction (in 2020) of dedi-
cated lanes for public transport throughout its length. This
avenue was chosen based on several characteristic features
that correspond to the purpose and task of our study: two
lanes of traffic in each direction; 6 out of 7 intersections are

regulated; it is the main street with a high proportion of tran-
sit traffic flows and public transport; the distances between
intersections are not the same and do not exceed 200 m,
which corresponds to the condition of the basic model
created in PTV VISSIM (Germany); the state of traffic flow
is characterized by constant saturation. As defined in chap-
ter 4.1, local measurements of traffic flow indicators were
carried out 12 times in the middle of sections of the avenue.
To this end, a technique of selective accounting of movement
at intervals of 15 minutes was used every 15 minutes. The
total duration was 1 hour in the morning and evening peak
periods. Based on the study results, we selected the busiest
section of the avenue from the regulated intersection with
Khimichna Street to the regulated intersection with Pid
Dubom Street in the direction «to the centers, which has
a length of 180 m. The indirect (taking into consideration all
15-minute intervals) traffic flow indicators, determined by
the results of our field study, are given in Table 2. They will
be subsequently introduced into the basic model.

Table 2

Results of the field study of primary indicators of traffic
flow along the section of Chornovol Avenue

Left lane' | Right lane
2019(2020(2019(2020
Average actual traffic intensity, auto/hour | 570 | 810 | 450 | 92

Indicator

Average instantaneous motion speed, km/h | 42 | 34 | 31 | 36

| passenger 91 | 92 | 77 4
EBE z?gg(f)fsjlc_ public transport (buses, 5 3 16 | 95
flow. % trolleybuses)
, others 4 5 7 1

Note: ' — the lane bordering the middle of the street

The study results in 2019 and 2020 show that the ad-
vantages of introducing dedicated lanes for public transport
were an increase in the average instantaneous speed of buses
by 16 % (from 31 km/h to 36 km/h) if we compare its value
before and after the introduction of such a measure. In addi-
tion, the level of uniformity of the traffic flow increased — in
the left lane, 92 % of cars, and in the right lane, 95 % of buses.
At the same time, the intensity in the left lane increased by
about 42 %. In addition, it is worth noting that there is no over-
sized freight transport in this street due to entry restrictions.

The peculiarity of the selected section is not only its
intensity but also the absence of public transport stopping
points over the entire length. This makes it possible to ana-
lyze a change in the speed of buses in a dedicated lane with-
out taking into consideration the influence of the factor of
technological delay necessary for boarding and disembarking
of passengers. Since during each of the 15-minute intervals
the intensity of bus movement in the selected lane was not
the same, it was possible to establish the relationship bet-
ween this indicator and the speed of movement.

We have derived the dependence of change in the speed
of public transport in the selected lane on its intensity. The
nature of this change is shown in Fig. 2.

It can be argued that the change (within approximately
47 %) in the intensity of public transport in the dedicated
lane from 72 bus/h to 106 bus/h causes a decrease in the
speed of traffic in this lane by almost twice. That may cause
the rolling stock of public transport to leave for the left lane
or lead to an additional delay.
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Fig. 2. Change in the instantaneous speed of public transport depending

on the intensity of traffic in the selected lane

The introduction of dedicated lanes for public transport
often predetermines the congestion of lanes intended for
individual transport since new engineering solutions do not
provide for the widening of the existing carriageway. Given
that most users of individual transport are not ready to use
public transport, one should be prepared for the conditions
of constant saturation with them in traffic flows not only
during peak but also between-peak periods. It is important
to note that not all sections of the transport network are
loaded equally, especially in cities with radial-ring infrastruc-
ture where this phenomenon is observed as it approaches
from the periphery to the center. Based on this, researchers
face the task of identifying and justifying the feasibility of
introducing different ways of prioritizing public transport,
including dedicated lanes, in terms of the minimum cost of
moving all users of the transport network. In this case, it is
important to have information about the state and indicators
of individual and public transport over a large area of the city,
which can be collected by conducting zonal measurements.
The MicroGIS programming environment database, which is
used by the Lviv municipal enterprise «Lvivavtodor», makes
it possible to determine one of the most important indicators
of traffic conditions on the transport network — the speed of
connection in its individual sections in real time.

For our zonal studies, two main streets of citywide signi-
ficance with regulated traffic were chosen in Lviv — Stryys'ka
and Kul'parkivs'ka. They have 2 lanes of traffic in each
direction. In 2020, public transport mainly operated under
a special mode while the intensity of individual transport
decreased slightly compared to the previous year. This is
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due to mobility restrictions caused by the
SARS-CoV-2 pandemic. In this regard,
data for 2019 were taken in order to ana-
lyze the speed of connection along public
transport routes.

A report from the MicroGIS program
for each vehicle on bus routes that service
these mainline streets was obtained by
analogy with Table 1. Knowing the actual
arrival time of each of them at a stopping
point, as well as the distance between
these points, one can determine the speed
of connection along each section of the
route. During this study, it was accepted

110 that the duration of bus stay at a stopping
N point (excluding terminals) for boarding
and disembarking passengers is approxi-
mately the same.

Before analyzing the results, the fol-
lowing hypotheses were put forward:

—the constant lag from the established schedule of all
buses in certain sections of the transport network may indi-
cate shortcomings in the organization of road traffic or the
existence of significant delays in the general traffic flow;

— a comparison of the speed of bus traffic along sections
of the street can justify the expediency of introducing certain
priority techniques.

Based on the study results, the following speeds of bus con-
nection on the sections of routes were determined (Table 3).

Our analysis of the resulting data shows that when
approaching the center there is a typical decrease in traffic
speed for main streets, associated with an increase in the
intensity and an increase in the density of the street and road
network. It should be noted that the distance between the
stopping points is almost the same and some displacements of
10-20 m have no significant impact on the growth or fall of
speed. At the same time, the situation with the share of buses
that cannot comply with schedules is more important. Thus,
along the Stryys'ka Street, this phenomenon is manifested
at stopping point 6 where 42 % of buses are late relative
to the schedule, while along the Kul'parkivs'ka Street — 4,
where 52 % of buses are late. It can be argued that along the
Stryys’ka Street, between stopping points 1-5 (excluding
terminal), there is no need for priority for public transport,
as well as along the Kul'parkivs'ka Street, between stop-
ping points 1-3. In the presence of significant delays, it is
necessary to decide on the introduction of priority with the
arrangement of a dedicated lane for public transport along
the entire length of the following sections or in the area of
intersections.

105

Table 3

The results of studying the speed of connection and compliance with traffic schedules on bus routes that run
along the Stryys’ka and Kulparkivska Streets

Number of stopping point from periphery to center

Indicator (excluding terminals)
1 2 3 4 5 6 7 8 9
Speed of connection along the Stryys’ka Street, km/h 286 19.3 221|182 [ 19.3 | 14.6 | 143 | 14.0 | 134
The share of buses that lag behind the schedule along the Stryys’ka Street, % - - 4 11 ] 12 | 42 | 49 | 62 | 69
Speed of connection along the Kulparkivska Street, km/h 2621218204159 | 157 | 161
The share of buses that lag behind the schedule along the Kulparkivska Street, % | — 2 7 52 | 71 | 82




One can also apply traffic light control in the direction of
approaching buses (trolleybuses) to these intersections. It is
necessary to compare the zonal values of the average speed of
individual transport and the speed of public traffic. It should
be taken into account that the MicroGIS programming envi-
ronment is designed to monitor only the latter. It would be
expedient to conduct a simultaneous mass field study on all
sections of the transport network using laboratory cars. This
is a challenge for future research. The decision to prioritize
the movement of one of the groups of its participants under
the conditions of the limited territory is a compromise and
should be based on the criteria for ensuring greater mobility
with the least time costs.

3. 2. Results of simulating the state of traffic flow

Based on the results of our field study (Table 2) and the
simulation technique in PTV VISSIM, we built models of
the state of traffic flow in the section of Chornovil Avenue
from the regulated intersection with Khimichna Street to the
regulated intersection with Pid Dubom Street in the direc-
tion «to the center» in two cases:

— simulation under conditions where there are no dedi-
cated lanes for public transport; the increase in the intensity
of individual transport is 20 % for each state of the flow
relative to the previous one; the intensity of public transport
is unchanged,

— simulation under conditions when dedicated lanes for
public transport are arranged; the increase in the intensity of
individual transport is 20 %, public 5 %, for each state of the
flow relative to the previous one.

The simulation results are given in Table 4.

The simulation results in Table 4 are adequate under the
appropriate existing time parameters of traffic light regulation.
In particular, the duration of the main permitting (green) sig-
nal at the traffic light that services this phase is 30 s, and the
duration of the regulatory cycle is 66 s. Since the parameters
of the phases and the cycle can change, in practice most often
used is an indicator that is determined by the ratio of the du-
ration of the permitting signal to the duration of the control
cycle and characterizes the proportion of green signal along a
given direction in the cycle. The designation «n/a» means that
the queue of vehicles along the direction (lane) is outside the
area between the intersections, that is, it can block an adjacent
intersection if the parameters of the traffic light cycle are
unchanged. When determining the length of travel through
the intersection and the length of the queue, the programming
environment PTV VISSIM applied the averaged value. This
is due to the random nature of the process of approaching the
intersection, as well as the fact that not all vehicles are delayed
before the intersection. Information about the maximum
queue length is important when assessing the time parameters
of traffic light regulation at high street network density values.

Table 4

Results of simulating the operational efficiency of the regulated intersection in the absence and presence
of dedicated lanes for public transport

Simulation of traffic under conditions of increasing traffic intensity without arranged dedicated lanes for public transport

Measured indicator

Model state number (increase in the intensity of
individual transport by 20 %)

1 (Base) 2 3 4 5
The intensity of traffic flow that approaches the intersection, auto/h 1,020 1,206 1,429 1,696 2,016
The average duration of travel by one vehicle through the intersection, s 35.4 479 56.7 72.3 84.5
il“hc_ average length of the queue before the intersection during the simulation 443 75.9 1047 118 126.4
asting 1 hour, m
Maximum queue length before intersection during simulation time of 1 hour, m 132.7 156.3 165.1 179.8 n/al

Simulation of traffic under conditions of increasing traffic intensity with arranged dedicated lanes for public transport

Measured indicator

Model state number (increase in the intensity of
individual transport by 20 %, public transport by 5 %)

1 (Base) 2 3 4 5
Intensity of traffic that approaches the intersection, left lane, auto/h 810 972 1,166 1,399 1,679
The intensity of traffic that approaches the intersection, right lane, auto/h 92 97 102 107 112
The average duration of travel by one vehicle through the intersection, s
Left lane 82.4 107.3 134.2 160.9 189.7
Right lane 24.3 25.9 28.2 30.4 329
The average length of the queue before the intersection during the simulation lasting 1 hour, m
Left lane 97.2 1214 142.5 179.8 n/a!
Right lane 324 379 40.2 45.3 49.4
Maximum queue length before intersection during simulation time of 1 hour, m
Left lane 140.9 170.4 n/a' n/al! n/al
Right lane 78.3 80.4 91.6 101.3 108.5

Note: ' — the model extends beyond the length of the segment in PTV VISSIM, which is 200 m



6. Discussion of the study results on determining
the operational effectiveness of dedicated lanes

Our results of simulating the operational efficiency of
regulated intersections in the absence and presence of dedi-
cated lanes for public transport confirm the expediency
of their implementation. In particular, a decrease in the
total (individual + public transport) intensity of traffic of
vehicles was registered, from 1,020 auto/h to 902 auto/h, by
12 % for the base model (Table 4). Similar results regarding
the decrease were obtained for the four considered states
of the model, taking into consideration the redistribution
of traffic flow to individual transport separately in the left
lane (by 17-20 %) and public — in the right lane. The share of
the latter in the base model is 11 %, for the four other states
of the model, this share changed from 10 to 7 %. The redis-
tribution of traffic to individual and public transport reduces
the average length of passing the intersection from 35.4 s to
24.3 s (for the base model), the average queue length before
the intersection — from 44.3 m to 32.4 m and, accordingly, the
maximum queue length from 132.7 m to 78.3 m. For the four
models under consideration, there is a reduction in the aver-
age length of passing the intersection, from 46 to 61 %, and,
accordingly, the average and maximum queue lengths — from
50 to 61 %, and from 40 to 44 %.

The above convincingly indicates the effectiveness of
the arrangement of dedicated lanes for public transport
as it reduces the duration of passing the crossings and the
corresponding lengths of queues. Obviously, this would
contribute to complying with traffic schedules, reducing the
level of pollution of the city’s air pool, transport fatigue of
passengers.

In practice, it should be taken into account that the
arrangement of a dedicated lane is not yet a guarantee to
resolve the issue related to significant improvement in the
efficiency of public transport services. Additionally, it is
necessary to model the parameters to control traffic lights
at regulated intersections and pedestrian crossings. It is also
necessary to take into consideration the intensity of public
transport along the dedicated lanes, as well as aspects of the
technological process that occurs at stopping points.

The proposed set of methods (field measurements, docu-
mentary study, and simulation) to determine the indicators
of traffic flow is effective. Their results are representative
for sections of city main streets with a significant share of
transit flows (not less than 70 %), heavy traffic of public
transport, and restriction of the distance between adjacent
intersections up to 200 m. A certain limitation of the current
study is that it does not take into consideration the number
of passengers of individual and public transport that use the

transport network. Such a drawback can be eliminated in the
future if there is information about the number of passengers
who used an electronic ticket. Thus, it is possible to compare
arrays of data on the number of users of public transport and
the speed of their movement along certain sections of the
transport network. This information would be more repre-
sentative when justifying the criteria for arranging dedica-
ted lanes and determining how to prioritize individual and
public transport.

The results of our study could be implemented during the
development or improvement of automated traffic control
systems. It is important to observe the compliance and con-
sistency of implementation. This would minimize the time
and cost to identify problem areas of the network and elimi-
nate (or reduce) the impact of negative factors. It should be
noted that the outlined scientific and applied approach to
determining the effectiveness of the arrangement of dedica-
ted lanes for public transport using modern methods makes
it possible to evaluate its efficiency for the intricate street
and road network of large cities and make it as accessible as
possible for both individual and public transport.

7. Conclusions

1. The proposed set and sequence of transport research
methods make it possible to establish the most important
indicators that determine the operational effectiveness of
those sections of city streets where dedicated lanes for public
transport are arranged, at the lowest time and cost. It has
been determined that it is possible, in the city main street
with a significant share of transit traffic, to increase, after
the introduction of dedicated lanes for public transport, its
average speed of connection by up to 16 %. The growth of
this speed is directly influenced by the intensity of public
transport along the dedicated lane.

2. A simulation model of a two-lane section of the street
between two intersections with a length of 200 m was built;
we modeled different state of flows of individual and public
transport (with a steady increase in traffic intensity) using it.
It was determined that at this length of the section there are
characteristic patterns in the indicators of traffic flow at ad-
jacent intersections. These patterns make it possible to syn-
chronize the control parameters of the traffic lights. Based on
the simulation results, it was established that for such areas
the maximum possible traffic intensity along the dedicated
transport lane is 972 units per hour. It was determined that
before and after the introduction of the dedicated lanes, the
duration of travel over such a section by one bus decreases
from 72.3 s to 25.9s.
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