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JUSTIFICATION OF TRAFFIC SIGNALING MODES
AT INTERSECTIONS CONSIDERING THE PRIORITY
OF PUBLIC TRANSPORT

Summary. With the growth of the road transport fleet and increase of urban agglomerations,
the availability of private transport on the streets of cities with a population over 500 thousand
inhabitants is quite noticeable. The previously developed general plans of such settlements, in
modern realities, are impossible to implement both from a financial point of view and in terms of the
urban space organization. Given the impossibility of meeting the needs of private car users, public
transport comes first in the priorities of urban mobility. Problematic areas of the road network in
many western Ukrainian cities are those that are densely populated. In such cases, it is not always
possible to redesign elements of street sections or intersections, so the traffic management
improvement is limited to organizational measures. Among them, the most popular and least
expensive are the change the modes of light control at intersections. Considering modern
opportunities, technical means and scientific achievements, the capacity of signalized intersections
is high. The same applies to the principles of giving priority to public transport over time (at
signalized intersections). At present, a significant number of methods and algorithms for detecting
and heading the movement of public transport at traffic lights have been developed, however, the
criteria for the application of each of them are not fully understood. As a result of the conducted
research, the change of queues in front of stop-lines at intersections depending on types of
signalization is defined. The results showed that the existing type of control creates significant
traffic delays on secondary streets. As a result, it is proposed to use adaptive control, which
provides for the adjustment of the traffic light cycle in the presence of tram traffic. Using traffic
simulation tools, it became possible to choose different modes of traffic lights control at
intersections, which can provide public transport priority, while minimizing the negative impact on
the adjacent elements of the road network.

Keywords: traffic management, public transport priority, traffic lights control, queues on
intersections, traffic modeling.

1. INTRODUCTION

Urban traffic management is a difficult task for both engineers and scientists. At this time, the
number of cars on the streets and roads of large and very large cities of Ukraine is constantly growing. This
is due to both the ability of the population to improve their living standards, which is characterized by
multitasking and the inability of social and transport infrastructure to meet the needs of citizens [1-2].

Due to the increase in vehicles and their improvement, the street space and traffic management
schemes in general need to be improved.

Providing traffic scheme organization includes installation of traffic lights and changing their
modes, traffic canalization, and installation of new road signs. These measures are aimed at reducing
congestion and increasing the capacity of intersections.
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Due to the limited conditions in the city with lots of historic buildings, measures to improve traffic
management schemes sometimes are limited. The preference in traffic, in this case, is given to public
transport to increase the speed of communication.

During the increase of motorization level, a large number of the city's population should prefer
public transport, however, its performance is far from those that would attract people to make their choice
in favor of trams or buses. To this end, it is necessary to implement measures to improve the speed and
regularity of public transport, giving priority to its control.

As you know, no traffic restriction eliminates its needs, so when giving priority to public transport
we should take into account the interests of other road users. To this end, extensive research is being
conducted and the process of finding compromise solutions is underway in order not to give priority to one
group of movement to create significant discomfort for others.

2. RESEARCH STATEMENT

It is known that to ensure priority movement at signalized intersections, there are many methods and
techniques that cover two types of those intersections from the point of their control: isolated, and those
that are combined with a system of coordinated control [3].

Ensuring priority over time is divided into two types — passive, which uses fixed-time control
algorithms, and active, which is implemented by adaptive control [4].

Multi-program fixed-time control is used to adapt the parameters of traffic lights to fluctuations in
daily traffic. This reduces delays for all threads [5]. Such decisions do not provide an advantage in the
movement of public transport over other road users, and therefore are an auxiliary method of ensuring
priority at intersections.

At signalized intersections, the increase of main time duration for priority flows is usually applied in
the absence of public transport in the following phases. This helps to increase the following parameters: the
capacity of this direction, the probability of passing on the permitted traffic light signal, and the speed of
all vehicles. The only disadvantage of this method is the inefficiency of the control regime for conflicting
areas.

All methods of active priority are implemented by detecting public transport at the entrance to the
intersection, after which there are appropriate changes in the modes of traffic lights. This ensures the
passage of the intersection without significant delays [3].

The presence of transport can be fixed in contact and non-contact way. Contactless is possible with
both local radio-based systems and central systems using GPS (detection accuracy up to 10-20 m).

The most common of the adaptive algorithms that provide priority is the continuation of the main
time [3]. This algorithm is implemented at the time of the appearance of the public transport unit on the
approaches to the intersection during the end of the green signal. In this case, the duration of the main time,
where traffic is allowed, is extended for a certain period of time and thus ensures the passage of the
intersection without delay.

To ensure the priority at the time of public transport unit arrival to the intersection during the period
of the forbidden signal, the algorithm of its early termination is used [3]. The implementation of such an
algorithm is impossible in the presence of pedestrian traffic in the phase that must be completed ahead of
schedule.

Another algorithm, from the standpoint of ensuring absolute priority, is the call of a special phase,
the occurrence of which is possible at any time of the control cycle [5]. To ensure the effective control of
traffic lights at the intersection when implementing this algorithm, the “compensation” method is used [6]:
after the public transport unit has received priority passage using a special phase, time costs of non-priority
directions are compensated by continuing the main green light in their directions for the calculated period.

The disadvantage of this algorithm is that with a significant intensity of public transport arrival to
the intersection, ensuring priority creates an unstable control mode for secondary flows. Moreover, the
conflicting directions can be in conditions of almost constant action of the restrictive signal. In this regard,
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the author [7] stated that the interval between buses should not be less than 2.5 minutes. In addition, the
absolute priority for some route vehicles may create obstacles for others.

Given all the above, the study of traffic flow parameters changes in different ways of giving priority
to public transport is a topical issue today. First of all, such studies are relevant for those sections of the
road network where the change of traffic scheme can be implemented only by organizational measures
(prohibition of maneuvers, change of lane, change of traffic lights, etc). These areas are characterized by
dense historic buildings, so a full-fledged change in the traffic pattern together with the geometric
parameters of the intersection, depending on the traffic flow composition, as studied in [8], is impossible.
In [9], the problem of changing the parameters of traffic light regulation to prioritize public transport
movement is considered in part.

The main objectives of the research are:

— the definition of eligible types of traffic light control at intersections that provide public transport

priority;

— the study of traffic indicators change at intersections in various traffic lights signaling modes

through simulation modeling;

— justification of signal control modes at intersections to gain public transport priority by the

criterion of minimum delays on secondary directions

3. CHARACTERISTICS OF RESEARCH OBJECTS
AND METHODS OF THEIR CONDUCTION
The object of study is a section of the city street, which belongs to the arterials of district
importance. The main feature that determines the mode of movement on it is the presence of a tram, which
is followed by one route with an interval of 5-7 minutes. Combined pavement — slabs for tram tracks and
cobblestones. There are 3 signalized intersections along the street (Fig. 1).
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Fig. 1. Scheme of observed intersections
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For further research, plans of intersections are given (Tables 1-3) with directions of movement in
Latin letters, which will be the basis for compiling a matrix of traffic flow intensities in passenger car units
per hour.

Table 1
Traffic flow on intersection No. 1
Morning peak
Direction A B C D
A - 135 98 10
B 148 - 356 56
C 102 310 - 24
D 4 46 38 -
Evening peak
Direction A B C D
A - 98 56 4
B 122 - 420 36
C 24 240 - 12
D 2 66 42 -

Traffic flow through this intersection at different peak periods of the day is different. The most
massive are flows B-C to the right in the morning peak, as well as traffic flows that move in the evening
from the opposite direction.

Table 2
Traffic flow on intersection No. 2
Morning peak
Direction A B C
A - 194 249
B 207 - 198
C 290 154 -
Evening peak
Direction A B C
A - 417 261
B 255 - 246
C 288 171 -

At this intersection, dominative flows are observed from approach A in the direction of the center
(B) in the morning peak and vice versa in the evening. It is also worth noting the mass flow of traffic,
which makes a left turn in the direction of B-C.

The results of observations indicate that despite the significant visual load by public transport, its
share in the total flow is less than 10 %.
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Table 3

Traffic flow on intersection No. 3

Morning peak

Direction A B C D E

A - 489 92 12 112
B 107 - 30 - -
C 30 33 - 54 165
E 75 12 234 48 —

Evening peak

Direction A B C D E

A — | 332 ] 52 6 | 80
B 444 | - | 60 | - =
C 52 | 44 | - | 76 | 172
E 52 | 12 | 204 | 12 | -

At this intersection, the dominant directions are the main ones — A-B and E-C. In the evening, there
is an increase in traffic flow from approach C.

Data on the intensity of traffic flows in the directions are input both for the calculation of the basic
system of traffic lights at intersections and in the process of creating simulation models.

The main method of researching traffic, at this time, is simulation. With the help of specialized
software, it becomes possible to assess the existing traffic conditions on the elements of the road network
and to analyze the proposed measures to manage traffic flows. The most popular traffic simulation
software products are Corsim, Aimsum, Paramics, Integration, and Sumo [10-14]. The modeling interface
in such environments is different and often requires knowledge of programming languages. A large
number of studies are based on research conducted in the Vissim software, as it requires minimal time to
master it and has a wide and clear functionality [15]. In this work, the research is conducted in Vissim,
because it is best suited for the interpretation and further research.

4. MAIN PART

To study the change of traffic signaling modes efficiency, the duration of traffic light cycles at
intersections was calculated in accordance with the available flows and adjusted saturation. Fixed-time
traffic light modes are also the basis for the introduction of adaptive control.

Phase crossings and cyclograms of traffic lights at intersections are shown in Fig. 2—4. The main
input data for the calculation is traffic flow intensity by directions, its distribution, intersection geometric
parameters, road surface condition, slopes, and so on. The calculation was made taking into account the
needs of pedestrians and providing sufficient time for crossing the roadway.

The recalculation of fixed-time traffic light cycles for all signalized intersections indicates that in the
absence of public transport prioritization, in the base, cycle duration variates from 28 to 34s. Adaptive
control is implemented by special algorithms, as there is no need to constantly extend the duration of the
control phases. For this purpose, it is possible to use available detectors of tram cars approach. The
duration required for the tram to travel its length is 6-8 s, for calculations selected 7 s. The results of cycles
adjustment considering tram traffic are given in Table. 4.
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Fig. 3. Phase crossing and cyclogram of traffic light signaling mode at intersection No. 2
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Fig. 4. Phase crossing and cyclogram of traffic light signaling mode at intersection No. 3

Table 4
Calculation of corrected traffic light cycles
Intersection 1
. Main time duration, sec
Phase Flow, p.c.u/hour Correction factor Tc*, sec
extra summary
1 1696 0.86 7 20 45
2 1970 6 17
Intersection 2
. Main time duration, sec
Phase | Flow, p.c.u /hour Correction factor Tc*, sec
extra summary
1 1438 7 24
1.00 48
2 1434 7 18
Intersection 2
. Main time duration, sec
Phase | Flow, p.c.u /hour Correction factor Tc*, sec
extra 3arajibHa
1 1970 111 7 18 3
2 1780 8 19

Thus, we get the following: the proposed durations of traffic light cycles are slightly longer than in
the fixed-time mode, but under existing algorithms, with the advent of tramcars, the duration of cycles
increases until they leave the intersection. Also, the disadvantage of this adaptive algorithm is an early
termination of the green signal for the secondary direction with the advent of tram cars.
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Traffic simulations were performed for three intersections, with the greatest attention paid to
intersection No. 2 (Fig. 5), as traffic conditions significantly affect vehicle delays along the main direction
A-B-A and adjacent streets. The models take into account three types of light control (Table 5), and the
research was conducted by changing the traffic intensity on the approaches to the intersection and
determining the average and maximum queue lengths.

Student Version
Not for commercial use

8tudent Version
Not for commercial use

Fig. 5. Picture of the intersection in the Vissim software environment

Table 5

Proposed types of signal controll at intersections

Intersection 1 2 3
Type Fixed-time Adaptive Adaptive
Adaptation type - Phase interruption Main time prolongation

Basis for adaptation

Regular uncorrected

Regular corrected

parameters calculating

It should be noted that at this time at the intersection No. 1, the second type of traffic signal timing is
assigned as well as at the intersection No. 2, and at the intersection No. 3, there is a fixed-time cycle
(largely because there is tram traffic in both phases). The results of modeling the average and maximum
queue lengths for each intersection are shown in Fig. 6-8.
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Fig. 6. Results of modeling the average (a) and maximum (b) queue length at the intersection No. 1
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At this intersection, the impact of adaptation on secondary streets is minimal, as the intensity on
these approaches is not high, and the difference in queue lengths of 5 m is within the error, as this distance
corresponds to one car. Existing adaptation parameters are suitable for traffic light control at this
intersection.
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Fig. 7. Results of modeling the average (a) and maximum (b) queue length at the intersection No. 2

The adequacy of the model is confirmed by the values of the queue lengths in the second (existing)
type of control, especially in the C approach where queues for the entire street length are visually observed
(402 m).

The results indicate that minimal delays will be observed with the third type of traffic light control.
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Fig. 8. Results of modeling the average (a) and maximum (b) queue length
at the intersection No. 3

At this intersection, the results of the studies are slightly different from the previous ones and
indicate that phase interruption adaptation should not be used here. Fewer queues are observed for the third
type of control. In the presence of intensive tram traffic from all approaches, there will be an artificial
increase in the duration of the traffic light cycle, however, the duration of the main cycle, where traffic is
allowed, will be increased in both phases.
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To determine a clear daily schedule for switching traffic light modes, it is necessary to predict the
intensity of traffic using the coefficients of daily unevenness (by hours of the day). It is known that when
the total traffic intensity at the intersection is less than 600 p.c.u. / h, it is necessary to switch the traffic
light objects to the yellow flashing mode signal (YF). The results of calculations of daily traffic intensity
are shown in the form of a graph in Fig. 9.
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Fig. 9. Forecasting of traffic intensity at intersections during the day
The proposed traffic light signaling modes are shown in Table 6.

Table 6

Recommended changes in traffic lights control

Intergection/ No. 1 No. 2 No. 3 Intergection/
time time

1 YF YF YF 13
2 YF YF YF 14
3 YF YF YF 15
4 YF YF YF 16
5 YF YF YF 17
6 YF 18
7

8

9

These switching modes provide minimization of traffic delays at intersections.

5. CONCLUSIONS AND RESEARCH PERSPECTIVES

The research is aimed to determine the most effective modes of traffic light signaling at signalized
intersections using simulations, taking into account public transport priorities.

Time-based priority giving methods are analyzed, as the presence of dense buildings in the sections
of the road network does not allow to ensure spatial priorities.

Three adjacent signalized intersections, where the system of giving the priority to public
transport operates, have been selected for research. Hourly traffic intensities at intersections with the
arterial street of district significance have been determined. The most intense flows are observed at
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intersections No. 2 and No. 3. The magnitude of the peak traffic intensities there can be 500 and more
cars/hour depending on the time of day.

A fixed-time traffic light signaling system for signalized intersections is calculated. The duration of
the cycle is from 28 to 34 s. However, such calculations do not quite correctly take into account tram
traffic, they are rather the basis for the introduction of adaptive algorithms for prioritizing public transport.

For each intersection, the traffic control mode is investigated and offered, considering tram motion.
It is recommended to leave the existing design algorithm at the first intersection. On the second and third
intersections we recommend to implement algorithms that provide an extra duration of the main cycles by
6-8 s with the advent of tram cars. It is proved that for each separate signalized intersection, there is an
optimal mode of traffic light operation with public transport priority. Thus, with certain difficulties in the
configuration of some nodes (sections of ascents in front of intersections, large distances to stop lines,
etc.), the delay in the secondary direction can become critical. In this case, it is recommended to review the
adaptive algorithms of traffic lights and with the help of simulation to choose the one for which the total
delays of all vehicles at the intersection will be minimal.
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OBIPYHTYBAHHS PEXXUMY POBOTH CBITJIO®OPHOI
CUT'HAJIIBAILIII HA IEPEXPECTSIX 3 YPAXYBAHHSIM
HPIOPUTETY I'POMAACBKOI'O TPAHCIIOPTY

Anomauin. 3i 3pocmannsim asmomoOiibH020 NapKy ma 30LIbUEHHAM NIOWI MICbKUX A2lo-
Mepayiti HasABHICMb NPUBAMHO20 MPAHCHOPMY HA YAUYAX Micm 3 HacelenHAM nonad 500 muc. scu-
menie noYana 8i0uymHo GNIUBAMY HA IXHE cummese 3abe3neuens. Pospobneni paniwe cenepanvii
NIAHU MAKUX HACENeHUX NYHKMIG Y CYUACHUX Peanisx HeMOICIUBO peanizyeamu K 3 QIHAHCO8020
noensdy, max i @ acnekmi opeaizayii Micbko2o npocmopy. Y yux ymosax 3a00801bHUMU Hompeou
KOpUCmyeauie NpueamHux asmomoOilie HeMOMNCIUBO, HA nepuie Micye y npiopumemax MIiCbKoi
MOOITbHOCME 8UX00UMb 2poMadCcuKull mpancnopm. IIpobremuumu OiTsAHKAMU GYAUUHO-O0POAICHBOT
Mepedxci 6azambox 3aXiOHOYKPAIHCbKUX MICM € makKi, SKi npoaseaiomv y wiibHii 3a0y006i. V
38 A3KY 3 YUM He 3A6ACOU € MOJNCIUBICIb NePenaHy8aHHs eleMeHmie OLIAHOK 8Yiuyb Yu nepe-
Xpecmv, MoMYy 800CKOHANEHHS OP2aHI3ayii O0OPOAHCHLOLO PYXY MOACEe 0OMENCYBAMUCH TulLe OPeaHi-
sayitinumu 3axo0amu. Ceped HUX HAUNONYJAPHIUUM MA HAUMEHUL GUMPAMHUM € 3MIHA PEeNCUMI8
CEIMNA0POPHO20 pecyNioBaHHsi HA Nepexpecmsix. 3a608Ku CYYACHUM MONCTUBOCHIAM, MEXHIYHUM
3ac06amM Mma HAYKOBUM OOCACHEHHAM NPONYCKHA 30AMHICIb De2ylbO8AHUX Nnepexpecmv 0080l
sucoxa. Lle osic cmocyemvbcs i NPUHYUNi@ HAOAHHS NPIOPUMEMY 2POMAOCLKOMY MPAHCROPMY HA
Pe2yibo8anux nepexpecmsax. Y pezynomami 00CnioxceHb GU3HAUEHO 3MIHY uepe nepeo CIon-iHiamu
nepexpecmnb 3a1eJCHO 8i0 Munie pe2ynosanus. Buseieno, wo 6uKopucmosysanuil mun pe2ynoeanHs
CNpUYUHAE 3HAYHI 3ampumMKu 8 pyci Ha Opy2opsoHux eyauysx. B pesynomami OocniodcenHs.
3anpPONOHOBAHO BUKOPUCHOBY8AMU A0ANMUBHE Pe2YTI08ANHS, Ke Nepeddaiac KOpucy8auts ceimio-
Goprozo yuxny. Bukopucmanus 3aco0ié MOOen08anHs pyxy 0ai0 MONCIUBICMb SUOUpamu pisHi
pedicumu pobomu  ceimao@opuoi cueHanizayii Ha nepexpecmsx, d0e nepedbaueHo 3abe3neveHms
npiopumemy 2poMaodCbKo20 MPAHCROPMY, 3 MIHIMI3aYI€i0 He2amueHo20 GNIUsy HAd Npuieii
enemMenmu 8YAUUHO-00POHCHbOI MEPEHCI.

Knwuoei cnosa: opeamizayisi 00podimcHb020 pyxXy, Npiopumem cpomadcbko2o MpaHCHOPMY,
ceimaogopra cucnanizayis, yepeu nepeo nepexpecmsimMu, MoOemO8ants pyxy.



