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MINIMIZATION OF PUBLIC TRANSPORT DELAYS
AT ARTERIAL STREETS WITH COORDINATED MOTION

Summary. Research results, using which the method of minimization of public transport delay
is improved at intersections with the system of coordinated motion control, are given in this paper.
Such transport research was carried out with simultaneous application of field measurements of the
study of traffic flow indicators and computer simulation in PTV VISSIM to check the level of
efficiency of coordinated control and the reliability of the results. The essence of the method is that it
reduces the delay in traffic per user of the transport system during his movement through a
signalized section of the road network. The effectiveness of this method is achieved under condition
of significant intensity of public transport, which is provided with spatial priority in the form of the
allocated lane. Invariability of the number of lanes in the area where coordination takes place, and
a high level of transit (above 70 %) of straight traffic flows are compulsory indicators and parameters.
The result is achieved with such phases in the direction of coordinated control, the share of the
permissive signal in which is more than 45 % of the cycle duration with a duration limit of 90—125 s.
With such parameters, the starting delays of the general traffic flow at the stop-lines are minimized,
and the maximum values of the saturation flow are achieved. In addition, a sufficient width of the
time lane is established for the passage of signalized areas by public transport. There is still some
delay in public transport in such a control system, but it is connected with delays at bus stops. The
introduction of such systems of coordinated traffic control is recommended on the arterial streets of
citywide importance of controlled motion with a distance between adjacent stop-lines of not more
than 800 m. This restriction allows avoiding the dissipation of groups of vehicles

Keywords: coordinated traffic control, fixed-time program control, arterial steer, transport
research, traffic flow, public transport, traffic light cycle duration, simulation modeling, traffic
intensity, traffic flow composition.

1. INTRODUCTION

In recent decades, there has been a rapid development of large cities associated with the urbanization
processes of individual regions. It is characterized by rapid housing construction, increasing population
mobility, and its motorization level. All this has led to an increase in traffic intensity on the road network.
At the same time, the network itself is developing at a much slower pace and does not meet all the travel
demands. Such an imbalance between demand (traffic intensity) and supply (capacity) causes congestion
of the urban road network, creating significant delays in traffic flow. Considering that the city is limited by
the size of the territory, cannot infinitely increase in area, and constantly builds new streets, it is difficult to
disperse intensive traffic flows in time and space. In addition, the constant construction of new transport
infrastructure entails high economic costs in the current and future periods, which are associated with the
maintenance of this network. Simultaneous application of all these factors stimulated the development of
intelligent transport systems, which allow not only to ensure the movement of high-intensity flows of its
members but also the operational management of these flows. In addition, the urban transport system
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should provide convenient communication between all transport districts, which requires efficient public
transport operation during the transportation of a large number of passengers, especially during peak
periods. Quite a small share of large cities have a well-developed network of subways or urban railways,
which are able to provide mass transportation. The vast majority of large cities, especially those where the
transport network and buildings have developed historically, are trying to ensure mass movement by
developing a network of bus services and electric transport. Given the shortage of free space in the city,
public transport mostly moves in the general traffic flow.

Spatial and time-based priorities are often used when implementing intelligent transport systems or
their elements in public transport management. The essence of the implementation of the first is the
arrangement of allocated lanes for public transport, and the second is the management of traffic lights
according to the criterion of minimizing the delay of public transport rolling stock. The geometric
parameters of the roadway are often an obstacle to the implementation of spatial priorities as, in addition to
the prioritization of public transport, it is necessary to ensure the passage of the general traffic flow.
Concerning time-based priorities, which are based on adaptive traffic light control regimes, certain
obstacles arise at intersections where public transport moves from all approaches or at those signalized
sections of the road network where there are short (50-100 m) distances between stop-lines. The
experience of implementing the spatial priority for public transport on the streets of controlled motion
shows that in such sections, traffic delays in the general traffic flow increase significantly. It is often due to
the lack of coordinated operation on adjacent traffic lights. In addition, the need to meet the needs of
pedestrians and other road users who use micro-mobility devices during their travel should also be taken
into account. Such analysis confirms the need to form a justified integrated approach to solving problems
with traffic delays, which would be different for each transport district or functional area of the city, based
on the specifics of their operation. It is because each transport district is characterized by different specifics
of the formation of transport and pedestrian passenger flows, built-up area density and configuration of the
road network. Accordingly, there should be different approaches to road users’ flows management.

2. RESEARCH STATEMENT

Implementation of coordinated traffic control provides the integration of all signalized intersections
or pedestrian crossings into a single system of traffic lights with fixed-time control programs. The time
parameters of such control are set based on traffic intensity, saturation flow, geometric parameters of the
roadway, etc. In conditions of coordinated control, there may be one or more programs that are developed
for some periods of the day. The most significant efficiency of each program is achieved at a constant
value of the traffic intensity for which it is designed. At the same time, it is known that not all sections,
even the arterial road network, have constant values of traffic intensity, which causes an excess or
deficiency of the permissive signal in the timelines that connect all traffic light objects of the coordination
system. In the urban transport system, the main public transport routes are mainly laid at such sections,
which have peculiarities of motion different from the general traffic flow associated with downtime at bus
stops. The significant share of public transport in the traffic flow on the arterial sections of streets with
coordinated traffic often leads to the destruction of these time lanes. Based on this, it is necessary to ensure
traffic coordination in such areas while giving public transport a spatial priority. It may cause some
increase in traffic delays in the lanes allocated for the general traffic flow but reduce such delays for public
transport rolling stock. In total, this will increase delays per vehicle with a simultaneous decrease per user
(passenger). Such measures will be especially effective in those sections of the road network where
significant passenger flows are observed.

3. RELEVANCE OF THE STUDY
Minimizing traffic delay at intersections is one of the main tasks of increasing road network
functioning. The biggest problems with traffic delays occur at the intersections of arterial streets. It is
known that the capacity of the whole street is determined by the intersection with the lowest value of this
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indicator. In conditions of constant significant traffic intensity, a queue of vehicles is gradually accumulating
here, which is able to block adjacent intersections. Public transport is also idle in these traffic jams.
Without proper prioritization measures, such a negative impact makes it an unattractive way to travel. It
has a negative effect on attempts to encourage residents to choose this type of travel and destroys any
effort to create an efficient transport system based on methodological approaches to developing sustainable
urban mobility plans. Based on this, it is necessary to apply a hierarchical approach to minimize delays in
traffic flows from the micro-level (solving the problem at isolated intersections) to the meso-level
(effective management of intersection systems) and further to the macro-level (efficient and balanced
mobility management in the city). Increasing the attractiveness of public transport by providing it with
time-based and spatial priorities can significantly reduce the flow of individual transport, which minimizes
the total time spent on travel and many environmental problems.

4. AIM AND THE TASKS OF THE STUDY
The aim of this study is the determination of the effectiveness of spatial priority for public transport
in systems of coordinated traffic control at signalized sections of the arterial road network by delay
minimization criteria.
For the achievement of the goal of the study, the following tasks are formulated:
— to determine time parameters of traffic light control and also traffic flow indicators that have the
most significant and systemic impact on the formation of delays in it;
— to determine traffic intensity and traffic capacity at sections of the arterial street of controlled
motion using the method of field research;
— to carry out the simulation modeling to determine the change of traffic delay at coordinated
control in conditions of absence and presence of spatial priority for public transport;
— to justify the expediency of implementation of spatial priority for public transport in systems of
coordinated control at multi-lane sections of arterial road network;
In this paper, field research methods to determine traffic flow indicators and simulation modeling to
determine the change of traffic delay in this flow in different ways of their control are used.

5. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

Implementation of traffic light control, regardless of the management method (fixed-time or flexible
algorithms), requires considering the interests of both transport and pedestrians. For any algorithm, a
minimum permissive signal duration should be set for pedestrians who execute their right to cross the
roadway during this time and a maximum restrictive signal duration associated with their patient waiting.
In papers [1-3], it is determined that for different city territories (transport districts), such time parameters
are significantly different, based on the time of patient waiting for pedestrians. Consideration of the time of
patient waiting allows reducing the number of violations of traffic light control regime by pedestrians. This
impact factor must be considered in coordinated traffic control systems, where, in addition to signalized
intersections, there are also stop-lines where only pedestrians or other road users who use micro-mobility
devices are allowed to pass in the conflicting direction.

After considering the pedestrian and traffic flows, the construction of a timeline in coordinated
traffic control systems begins, during which the uninterrupted passage of vehicles through the stop-lines of
this system is provided. Particular attention should be paid to the groups of vehicles that pass through each
of the stop-lines to ensure uninterrupted passage. These groups tend to dissipate during the movement due
to two key factors — the homogeneity of the group and the length of the section [4]. Let us consider these
two factors influencing the formation and dissipation of groups of vehicles in more detail.

The formation of a group of vehicles occurs on the restrictive signal and depends on the intensity of
their arrival and the ratio between the permissive and restrictive signals in the traffic light control cycle [5].
During this process, the impact of the vehicle's dynamic size is minimal, so the degree of traffic flow
heterogeneity is a relatively insignificant factor. The dissipation of a group of vehicles depends less on the
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intensity of their departure from the stop-line on the permissive signal and the time parameters of the
traffic light cycle. Still, there is a more significant influence of the degree of heterogeneity of traffic flow.
This effect increases as the distance between adjacent stop-lines increases, as cars have higher dynamic
characteristics than trucks and buses (trolleybuses).

Regarding the length of the section between traffic light objects, this factor depends on the density
of the road network and the location of signalized pedestrian crosswalks. The study [6] noted that the
maximum length of the section between traffic light objects, which provides sufficient stability for the
group, is 1200 m. At the same time, it is not noted what the traffic flow and the level of its transit (the
share of direct vehicles at stop-lines) is by the degree of homogeneity (the share of cars). In addition,
traffic intensity varies widely (200—600 cars/h per lane). In [7], similar patterns are achieved for a section
length of 300 m and traffic intensity in the range of 400—600 cars/h per lane. The number of lanes per
direction can explain this discrepancy in the coordinated control system, as this value is associated with the
number of lane changes in the group of vehicles.

Based on the above, to ensure the passage of the whole group through the coordinated section
without traffic delay can be by either limiting its speed parameters or providing a phase shift at adjacent
stop-lines [7]. Having applied speed limits, one of the main advantages of coordination on arterial streets —
providing the fast and uninterrupted passage of transit traffic flows is lost. Phase shift is also an ineffective
solution as it increases delays in conflicting directions. In addition, if there is significant heterogeneity in
traffic flow, it is necessary to shift the phases and increase the width of the timeline. Additional delays also
occur for public transport rolling stock, the uninterrupted passage of which through the coordination
system depends not only on its dynamic characteristics but also on the duration of the delay at stopping
points. Such delays are determined by the intensity of public transport and indicators of the variability of
passenger traffic at bus stops [8].

Particular attention should be paid to the study of the geometry of the road network when designing
coordination systems, as the effectiveness of traffic management must be considered not only in a linear
local context (one street or section) but also in spatial (transport district) [9]. This statement is relevant in
conditions of the high density of the arterial road network. Simultaneous consideration of indicators of
road users and the peculiarities of their behavior in places of interaction and planning characteristics of the
roadway can be achieved using simulation, which is based on advanced models of Webster and
Wiederman [10-12]. In this study, the emphasis is on using such models in fixed-time control algorithms.
They are effective for traffic flow, characterized by the constant arrival of vehicles to the stop-line. This
criterion best describes the regularities of traffic movement on the arterial streets.

Considering all these factors of the possible impact on the structuring of traffic flow during its
passage through the system of signalized intersections (pedestrian crosswalks), we will focus on public
transport. This analysis will be based on [13], which considers prioritization for public transport in the area
of signalized local intersections, and on [14—16], where systemic prioritization at the level of traffic routes
is considered. Local prioritization is mainly related to allocating a separate lane for public transport before
intersections or the control of traffic lights at them using adaptive algorithms. The advantage of local
prioritization is solving the problem of public transport delays at complicated intersections, but this
principle of traffic management is challenging to integrate into the coordination system. At the same time,
prioritization at the level of traffic routes is the best solution, as it allows combining related principles of
organization and management of public transport in the system of adjacent intersections, including those
unregulated by traffic lights. This analysis shows that the implementation of coordinated control can be
considered on the sections of arterial streets with a significant intensity of public transport while ensuring
simultaneous spatial prioritization for it. In addition, the study [17] noted the need for constant monitoring
of the speed and intensity of traffic in such sections. Studies [18—20] indicated that such indicators require
adjustment of fixed-time control programs adapted to their change in the whole coordination system to
ensure the stability of groups of vehicles.
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The effectiveness of coordinated control with ensuring the spatial prioritization of public transport
will allow reducing the overall transport delays per user of the city's transport system, which travels using
motorized transport [21].

6. PRESENTATION OF BASIC MATERIAL
Let's consider the peculiarities of traffic flows on the section of an arterial street of controlled
motion. All signalized intersections (pedestrian crosswalks) will be combined into one coordinated control
system to ensure spatial prioritization of public
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Table 1
Planning characteristics of sections between intersections at the given section
Direction Length of the Direction Length of the Number of
I-VI section, m Number of lanes VI-1 section, m lanes
L, 1000 2 L, 1000 2
Le» 475 3 L., 475 3
leoes 700 3 Loy 700 3
Lcs 400 3 Loy 400 3
Leoes 450 3 Lios 450 3

The results of other experimental measurements are following:

— taking into account that there is a fixed-time program of traffic control at traffic light objects at
the section, by results of one-time measurement, time parameters of traffic light control are
determined (Table 2).

Table 2

Time parameters of traffic light cycle at stop-lines

. . Share of permissive
Number Duration of traffic light cycle components, s signal in the cycle, %
of stop- initial (starting) the next stop-line
line / / T / / T initial following
P r c p r c
SL, 53 37 90 43 47 95 53 43
SL, 43 47 95 27 53 80 43 27
SL, 27 53 80 36 34 70 27 36
SL, 36 34 70 40 30 70 36 40
SL, 40 30 70 30 95 125 40 30
SL, 30 95 125 - - - 30 -
SL! 46 44 90 56 39 95 46 56
SL; 56 39 95 43 37 80 56 43
SL; 43 37 80 36 34 70 43 36
SL, 36 34 70 40 30 70 36 40
SL! 40 30 70 30 95 125 40 30
SL; 30 95 125 - - - 30 -

— measurement of traffic intensity (traffic accounting) was carried out during morning peak
periods on weekdays (8:00-10:00) for direction I-VI and during evening peak periods
(17:00-19:00) for direction VI-I. Accounting was carried out with the frequency of 1 cycle every 10
cycles to obtain representative averages over the hour. The results of these measurements are
given in Table 3. In the future, they will also be used to determine the intensity of arrival of
vehicles at adjacent stop lines.
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Table 3
Traffic flow intensity on sections between stop-lines
Number | Traffic intensity on lanes (p.c.u./h) Share of cars on lanes, %
of flow 1 | 2 | 3 1 | 2 | 3
In direction Lccs] (1-VI)

Lo, 487 510 - 91 78 -
leer 235 523 475 90 85 87
lees 406 480 398 92 84 71
Loy 412 453 440 97 80 82
lees 366 482 462 84 89 93

In direction L, (VI-I)

582 500 - 89 82 -
L., 407 534 432 96 90 85
I 490 505 463 96 93 85
Loy 502 495 378 98 95 80
I 380 525 474 98 88 80

determination of experimental values of the effectiveness of traffic light object operation was as
follows. When the restrictive signal was activated, the number of vehicles approaching was
recorded on each stop-line. Such registration lasts until the permissive signal is activated in each
direction. The results of these measurements are recorded in column 4 of Table 4. They are
necessary to determine the queue length depending on the intensity of arrival, duration of the
delay for all vehicles at the stop-line and the duration of delay for one vehicle. Later, at the
moment of activation of the permissive signal, the number and type of vehicles departing the
stop-line were recorded, taking into account their further direction of movement. Results are
recorded in column 6 of Table 4. They can be further considered when determining saturation
flow, starting delay duration, and the relationship between the intensities of arrival and
departure.

Table 4

Results of measurements of traffic delay at signalized intersections (pedestrian crosswalks)

of the studied section

Measurement time: 8:00—-10:00

Movement direction — I-VI

The average The average
. number of
Traffic light Restrictive number of Permissive vehicles that cyi\llzénilr)le\tvﬁifch
Stop- cycle signal stopped signal passed the stop- 1 vehicle
line duration, duration, vehicles E 5 duration, line for 5 waited
T.,s ty,s cycles, ng , Ip.s cycles, n ’
. c
units Mpas » units
1 2 3 4 5 6 7
SL, 90 37 16.6 53 18 0.92
SL, 95 47 22.6 48 24.6 0.92
SL, 80 53 35.6 27 30.2 1.18
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Table continuation 4

1 2 3 4 5 6 7
SL, 70 34 334 36 33.2 1
SL 70 30 39.6 40 39.6 1
SL, 125 95 84 30 33.6 2.5

Measurement time: 17:00-19:00
Movement direction — VI-I
SL 90 44 31.4 46 40.2 0.78
SL, 95 39 38.2 56 49.4 0.77
SL; 80 37 47.2 43 41.8 1.13
SL, 70 34 38.6 36 38.6 1
SL. 70 30 31.2 40 39.6 0.79
SL; 125 95 81.4 30 34.6 2.35

When assessing traffic conditions at signalized sections of urban streets with fixed-time control
programs, it is necessary to pay special attention to the duration of restrictive and permissive signals and
their share in the duration of the traffic light cycle. It allows determining the time while traffic flow
accumulates and time while it dissipates. Thus, we can say that the traffic conditions in the studied section
of the street correspond to three typical situations, based on the number of vehicles that pass the stop-line
for one traffic light cycle. The first: if n,<1.0 — then all vehicles that arrived at the restrictive signal passed
the stop-line at the permissive signal and a particular time in the phase remained when there was no motion
(the cycle structure is imbalanced, the phase distribution is ineffective). The second: if 7.<1.0 — then all
vehicles that arrived at the restrictive signal of traffic light passed the stop-line at permissive signal without
remaining time in the phase (the structure of the cycle is totally balanced; phase distribution is effective).
The third: if n.>1.0 — then not all vehicles that arrived at restrictive signal of traffic light passed the stop-
line at permissive signal and queue accumulation begun (the structure of the cycle can be imbalanced and
phase distribution ineffective, but detailed analysis of road conditions at conflicting directions is needed).

Analyzing the results of measurements, which are given in Table 4, we pay special attention to the
number of cycles required by one vehicle to pass the stop-line. In the direction I-VI for the passage of
stop-lines SL,..., SL¢, indicator 7. is respectively: 0.92; 0.92; 1.18; 1.0; 1.0; 2.5. The largest delays appear
at stop-lines of intersections III and VI. The vehicle needs time equivalent to 1.18 of the existing traffic
light cycle duration of 125 s to pass the first one. There was no additional delay on all other stop-lines,
except for the one caused by the duration of the restrictive signal.

On the direction VI-I, to pass the stop-lines SLrg,..., SL’;, one vehicle needs respectively 0.78; 0.77;
1.13; 1.0; 0.79; 2.35 from the existing traffic light cycles duration. Here, we can observe analogies with
direction I-VI, where values 7. are 1.13 and 2.35 for stop-lines at intersections III and VI, respectively.

The duration of delay is determined on lanes that serve the direct traffic flows in both directions
taking into account the results of measurements given in Table 3 and Table 4. Some of these lanes also
serve the turning flows, the impact of which is considered during the measurement of intensity.

Summary values of the intensity of direct flows on the lanes and traffic delays, expressed by the
travel time of all approaches (stop-lines), are shown in Table 5.

The average time losses by one vehicle on the passage of every stop-line is determined by analysing
the research results from Table 5. For intersections III and VI, where n.>1.0, further we will carry out the
modeling to determine the optimal time parameters of traffic light control for two different traffic control
schemes — a system of coordinated control without prioritization of public transport and a system of
coordinated control with its prioritization.
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Table 5
Results of experimental measurements of traffic delay in direct traffic flow at stop-lines
The i ity of
The Z;m::us]fg © Traffic Number of Average time
PNumber | intensity of depart Duration of | . .~ =4 cycles, losses of one
. (dissipation of - 1ght cycle hich .
of stop- arrival to restrictive durati which one vehicle on the
. } queue at . uration, hicl
line stop-line, L signal, #,., s vehicle passage of
permissive signal), I.,c . . .
auto/h waited, 7, Intersection’, s
auto/h

SL, 664 720 37 90 0.92 18.5
SL, 857 932 47 95 0.92 23.5
SL, 1602 1359 53 80 1.18 94.4
SL, 1718 1707 34 70 1.0 17.0
SL 2037 2037 30 70 1.0 15.0
SL, 2419 968 95 125 2.5 312.5
SL 1680 1608 44 90 0.78 22.0
SL, 1448 1872 39 95 0.77 19.5
SL; 2124 1908 37 80 1.13 90.0
SL, 1985 1985 34 70 1.0 17.0
SL. 1605 2037 30 70 0.79 15.0
SL; 2344 996 95 125 2.35 295.2

Note. 'Average time losses are determined as product T -n.. For stop-lines where n, <1.0, the average

duration of passage of one vehicle is taken equal to half of the restrictive signal.

During the research of processes of queue accumulation, it is necessary to consider the condition that
one vehicle, which had not passed the stop-line at the permissive signal, will not necessarily pass this stop-
line at the next one. It means that a specific period may be two or more cycles when the vehicle crosses the
stop-line.

From the analysis of Table 4 and Table 5 (a number of cycles spent by one vehicle on the stop line),
we can say that the least delays (less than one traffic light cycle) are at stop-lines where in the appropriate
phase is significant (over 45 %) share of permissive signal in the direction.

In practice, it is not always possible to implement a sufficient duration of the permissive signal as
such a decision may lead to the formation of large (in length and duration) queues of vehicles in conflicting
directions. However, if the direction is the arterial one, and with the introduction of coordinated traffic
light control or prioritization for public transport, increasing the permissive signal in this direction is not
only a reasonable solution but also considered justified. It is because the reduction of traffic delay is
achieved with the binding per one vehicle and per user of the transport network. Let's make the corresponding
substantiation within the limits of this research concerning the expediency of implementation of long
cycles with a considerable share of a permissive signal in them.

Based on the measurement results shown in Table 5, the arrival intensity is grouped into three ranges:
less than 0.25 auto/s (equivalent 900 auto/h); from 0.25 to 0.50 auto/s (equivalent 900—1800 auto/h); from 0.50
to 0.75 s (equivalent 1800-2700 auto/h). Applying such grouping by arrival intensity, we mean the whole
approach, not a separate lane. Then in PTV VISSIM we will determine the maximum possible length of the
queue of vehicles which may occur in the lane for direct traffic flows before the signalized intersection
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(pedestrian crosswalk) depending on the intensity of arrival of vehicles and the share of the permissive
signal in the traffic light cycle with a maximum duration of 125 s (Fig. 2).
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Fig. 2. Results of simulation of the change of maximal queue length depending on
the time parameters of traffic light cycle

After analyzing these simulation results, it is possible to predict possible queues formed in traffic
flows depending on the number of lanes and the length of the section between stop-lines, the intensity of
arrival of vehicles at the intersection and the time parameters of traffic light control. Simultaneous
comparison of experimental measurements and simulation results makes it possible to compare the
differences between experimental and theoretical data. Also, it provides an opportunity to determine the
maximal queue length that can appear before the stop-line and the “accumulative” ability of the section
between stop-lines (meaning the distance between two adjacent stop-lines). It is an essential aspect of
setting the time parameters of traffic light control at different densities of the road network.

When the intensity of arrival is less than 0.25 auto/s, the maximal queue length which can appear
before the stop-line of signalized intersection (pedestrian crosswalk) is about 400 m, given that the share of
permissive signal in the traffic light cycle is 0.20-0.55.

Given that there were no cycles with a share of the permissive signal of more than 0.80 on the
studied section and that the simulation model indicated the existence of large queues in secondary
directions, the limitations were set for this study. The intensity of arrival of vehicles to the intersection
should not exceed 0.75 auto/s in the three-lane direction; the share of the permissive signal in the traffic
light control cycles is 0.20—0.80 (this range of values allows to cover almost all possible modes of traffic
light control).

The next stage of modeling is to determine the delay in traffic movement depending on the change
of the control mode in three states:

State 1: the current state of the traffic flow, traffic light control regime and traffic conditions (base
model);
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State 2: implementation of coordinated control with such limitations at all traffic light objects of
experimental section: duration of the permissive signal is no less than 56 s (based on parameters of control
at “leading intersection” II in direction VI-I) provided that its share in traffic light cycle will be no less
than 0.45. However, the priority for public transport is not set;

State 3: coordinated control with simultaneous provision of spatial priority (allocated lane) during
the passage of public transport in the right lane is implemented. Time parameters of traffic light control are
identical to the system without priority (State 2).

Having taken into account all the main parameters necessary to form the transport model in PTV
VISSIM, and after its calibration and verification, we obtained the data at every simulated state (Table 6).

Table 6

Comparative analysis of the change of delay by results of an implementation of measures for
improving the traffic control on the section of the arterial street of controlled motion

Simulation results — duration of delay of one vehicle at stop-line
Numbgr of State 1 (base (coc?:g:zaztion Chang.e (coordsirlaattic?n with Chan.ge (comparing
stop-line model), s without (F:omparlng priority), s with base), %

priority), s | “ithbase), % —em PT? GF' PT?
SL, 18.5 9.1 -49 20.7 8.3 +12 -45
SL, 23.5 11.3 -48 27.3 8.5 +16 -36
SL, 94.4 49.6 -53 103.0 28.1 +10 -30
SL, 17.0 6.0 -35 19.0 8.3 +12 -49
SL 15.0 5.1 -34 17.9 7.5 +19 -50
SL, 312.5 144.1 -46 372.7 78.3 +19 -25
SL 22 5.5 -25 25.1 9.2 +14 -42
SL, 19.5 5.5 -28 21.5 9.0 +10 -46
SL; 90 52.2 -58 106.2 243 +18 -27
SL, 17 3.6 21 19.0 7.7 +12 -45
SL. 15 3.6 -24 17.9 6.2 +19 -41
SL; 295.2 150.6 -51 346.9 79.7 +18 =27

Note. 'GF — general traffic flow; °PT — public transport.

The advantage of the State 2 model is that it provides long (by time) transit traffic through all
intersections, and the advantage of the State 3 model is the higher capacity per user of the transport
network (including those traveling by public transport). The most precise calculations of the effectiveness
of such design solutions can be established when experimental measurements of passenger flow capacity
are also performed. Graphical results of the simulation are shown in Fig. 3 and Fig. 4, where, respectively,
the value of the delay of traffic flow in the directions I-VI and VI-I are given.

According to the results of the analysis of Fig. 3 and Fig. 4, we can say that the most “problematic”
in terms of efficiency of transport services, based on the criterion of the least time spent on transportation
of transport network users, are and will remain stop-lines (signalized intersections, pedestrian crosswalks)
IIT and VI. In the direction I-VI, the model State 2 on these critical stop-lines managed to reduce the delay
of traffic and vehicles by 44 s (53 %) and 169.1 s (46 %) compared to the model State 1 (current state). In
this direction, in the model State 3 at stop-lines III and VI, delays for one vehicle of general traffic flow
increase by 9.4 s (10 %) and 59.5 s (19 %) compared to the model State 1.
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In addition, a significant effect is achieved for public transport in the State 3 model compared to the
base model (State 1) and the State 2 model. Thus, in the direction I-VI, its delay at stop-line III is reduced
by approximately 3.3 times for the State 1 model and 1.8 times for the State 2 model, and for stop-line VI,
this reduction is about four times for State 1 model and 1.8 times for State 2 model. A similar situation is
observed in the direction VI-I. On stop-line III, the reduction is approximately 3.7 times for State 1 model
and 2.1 times for State 2 model, and for stop-line VI, this reduction is about 3.7 times for State 1 model
and 1.9 times for State 2 model.

In summary, it can be stated that a significant reduction in time spent on signalized intersections
(pedestrian crosswalks) by public transport in coordinated traffic control systems while giving it a spatial
priority and justification for the implementation of long permissive signals with their significant share in
the control cycle in arterial directions.

7. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

By results of this research, such conclusions can be made:

a) the most important factors that affect the efficiency of coordinated traffic control systems are:
the width of the roadway and the number and specialization of lanes; intensity, composition and
direction of traffic flow; the distance between adjacent stop-lines; the share of the permissive
signal in the traffic light control cycle;

b) the main task when designing coordinated traffic control systems is to ensure the stable dynamic
performance of a group of vehicles and optimal shift of phases of traffic light control with
timelines that are able to pass this group through all stop-lines of the system;

¢) to minimize traffic delays in coordinated control systems on the arterial sections of urban streets
of controlled motion with three lanes in one direction, it is necessary to achieve a share of the
permissive signal of more than 45 % in control cycles with a duration of 80-125 s at traffic
intensity limits of 500—600 auto/h per one lane. With such time parameters and the absence of
spatial priority for public transport, it is possible to achieve an average reduction in traffic delay
of about 40 % for all intersections of the coordination system compared to traffic delays at
signalized intersections with fixed-time local control. The implementation of a spatial priority
for public transport in the form of allocated lanes in the coordination system increases the delay
of the general traffic flow by 15 % and reduces it by about 40 % for public transport compared
to local control.

d) in coordinated control systems in three-lane directions, where there is no spatial priority for
public transport and the maximum duration of the traffic light cycle of 125 s, the maximum queue
length can reach the following values: about 400 m at an intensity of arrival of 0.25 auto/s; about
700 m with an intensity of arrival of 0.25-0.50 auto/s; about 850 m with an intensity of arrival of
0.50-0.75 autof/s.

Further research on the problems of public transport delays in coordinated control systems is as

follows:

— determination of the impact of right-turn traffic intensity on public transport delay, which is
provided with spatial priority;

— investigation of the amount of passenger flow that allows determining traffic delay per one user
of transport system — driver and passenger more precisely.

Such research will allow the implementation of such systems of coordinated traffic control on

arterial streets, which are based on the provision of spatial and time-based priority for public transport.
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MIHIMIBAIIA 3BATPUMOK 'POMAZACBKOI'O TPAHCIIOPTY
HA MATICTPAJIBHUX BYJINIAX 3 KOOPAUHOBAHUM PYXOM

Anomauin. Y pobomi nasedeno pesyivmamu 0OCHONCEHb, 3d OONOMO20I0 AKUX YOOCKOHA-
JIeHO Memo0 MIHIMI3ayil 3ampumMKu 2pomMadcbKo20 MpAHCnopmy Ha nepexpecmsx, oe Jic cucmema
KOOPOUHOBAH020 YNpABIinusa pyxom. Taxi mpancnopmui 00CaiodNceHHs: NPOBOOUNIUCH I3 OOHOUACHUM
3ACMOCY8AHHAM HAMYPHUX BUMIDIOBAHb 13 GUBYEHHA NOKA3HUKIE MPAHCNOPMHO20 NOMOKY md
imimayitinozo mooemosanns y PTV VISSIM ons nepesipxu piens echekmusnocmi pobomu KoopOuHo-
8AHO20 YNPABIIHHA MA 00CMOGIpHOCMI ompumanux pe3yiomamie. Cymos memoody nonseac 8 momy,
WO 00CA2AEMbCA 3IMEHUIEHHA 3aMPUMKU 8 PYCi 13 PO3PAXYHKY HA 00HO20 KOPUCMYBAYA MPAHCHOPM-
HOI cucmemu nio yac 1020 nepemiyeHHs pe2yibo8aHoI0 OLIAHKOIO 8VIUYHO-O0POIHCHLOI MeEPEeXC.
Epexmusnicms yb020 mMemody 00c2acmvCsi 34 YMOGU 3HAYHOL IHMEHCUBHOCIE 2POMAOCHKO20 MPAHC-
nopmy, AKOMY 3a0e3ne4yEmvcsi npOCmoposuil npiopumem y @ueisodi eudinenoi cmyeu. 0606 szxosumu
NOKA3HUKAMU MA NAPAMEMPAMU € HEIMIHHICMb KIIbKOCMI cmye pyXy Ha OLianyi, 0e 8i00yeacmvcs
KOOpOUHAyis, a maxodc SUCOKUL pisenb mpanzumuocmi (nonad 70 %) npsamux mpancnopmuux no-
moxig. Pezynomam docseacmvcs 3a iCHYBAHHS MAKUX (ha3z HA HANPAMKY KOOPOUHOBAHO20 VRPAGIIHHSL,
4ACMKA 0036IILHO20 CUSHATY Y SKUX CTHAHOBUMb NOHAO 45 % 610 mpusarocmi yuxiy 3 oOMednCceH-
Hamu mpusanocmi 90—125 c. 3a makux napamempie MiHIMI3YIOMbCA CIMAPMOGT 3AMPUMKU 34201~
HO20 MPAHCNOPMHO20 HOMOKY HA CHMON-NIHIAX i 00CA2AIOMbCA MAKCUMANbHI 3HAYEHHA NOMOKY
Hacuuenus. [0 mozo g, 6CMAHOBIIOEMbCS OOCMAMHS WUPUHA CMPIYKU Yacy Oas npoizdy epo-
MAOCOKUM MpAHCROPMOM pe2yibo8anux OiisaHok. Ilegna 3ampumka epomMadcbko20 MpaHcHOpmy y
MaKitl cucmemi YApaeinHa 6ce H# GUHUKAE, NPOMe 80HA NO8 A3aHA i3 U020 3aMPUMKAMU HA 3VNUH-
KOBUX MYHKmMaAX. YnpoeaojicenHs makux cucmem KOOPOUHOBAHO2O YNPAGIIHHS PYXOM PEKOMEHO)-
EMbCA HA MALICMPATLHUX BYIUYAX 302ANbHOMICOKO20 3HAYEHHSI Pe2yib08AH020 PYXY 3 8I0CHAHHIO
Midie cymigcnumu cmon-ninismu we oinoue 800 m. Taxe obOmedcentss 00360458€ YHUKHYMU PO3NAOY
2PYH MPAHCROPMHUX 3AC0018.

Knwuoei cnosa: xoopounosane ynpagiinus pyxom, #OpcmKe npoepamvme YRpasiinHs, mazic-
MpanvHa 8yauUYs, MPAHCHOPIHT OOCTIONHCEHHS, MPAHCROPMHULL HOMIK, 2POMAOCHKULL MPAHCHOPM,
MPUBAICMb CEIMAOPOPHO20 YUKTY, IMIMAYitiHe MOOETIO8AHHS, THIMEHCUBHICTb PYXY, CKAAO MPAHC-
NOPMHO20 NOMOKY.



