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THE INFLUENCE OF THE TRAFFIC LIGHT'S PERMISSIVE SIGNAL
SHARE ON THE DURATION OF TRAFFIC DELAYS

Summary. Today, the motorization level and the value of traffic flow on the street-road
network have increased. Often this leads to an excessive load on the existing traffic management
system, highways, and roads. As a result, the number and duration of traffic delays are increasing,
especially within populated areas. The consequence of this is the formation of traffic jams, increase
of fuel and lubricants consumption, noise pollution, and emissions of exhaust gases. Another, no less
critical consequence is an increase in traffic accidents, particularly at unsignalized intersections.
Therefore, a traffic light control system is often implemented at street intersections to increase
traffic safety and reduce the number of conflicting flows. In addition, this system should be
optimized for signalized objects.

The object of the study is a signalized intersection of multi-lane streets located in the city. The
main problem that needs to be solved is the reduction of the vehicles® delay duration at the
approaches to such intersections, in particular with the use of appropriate organizational measures
and planning of the traffic light control system. According to the study's results, regularities were
revealed regarding the change in the traffic's delay duration depending on the share of the
permissive signal and the duration of the traffic light's cycle at the street intersection. At the same
time, the received modulation results in the PTV Vissim software environment indicate an increase
in delay values with an increase in the duration of the traffic light cycle. However, an equally
important influence factor is the share of the permissive signal, as it reduces to a certain extent the
duration of vehicles in standby mode at the approaches to the signalized intersection. The obtained
results are recommended to be used in both developing new traffic organization schemes at
signalized street intersections and improving existing ones.

Key words: traffic flow, traffic delay, traffic light control, duration of the traffic light cycle,
signalized street intersection.

1. INTRODUCTION

The increase in the number of vehicles and the level of motorization leads to the emergence of a
considerable number of transport problems, in particular in populated areas. This leads to a decrease in the
functioning of the “driver — car — road — environment” system. As a result, new tasks appear to improve
existing and design new traffic management schemes. Often, it is necessary to reorganize the street-road
network, as well as to introduce and improve the system of traffic light control to solve mentioned
transport problems. This will make it possible to reduce the number of traffic jams on the streets and roads,
the time lost by the people for movement, increase the level of safety, and improve the environmental
situation, etc. [1, 2].

The rapid increase in the number of cars leads to an increase in the traffic flow volume. It leads to
the need of implementing traffic lights at intersections, and to the introduction of changes to increase the
efficiency of traffic light control at equipped ones. At the same time, a common phenomenon in domestic
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practice is the creation of a constantly fixed duration for each signaling phase, which is calculated based on
researched statistical data on traffic flow parameters. However, frequent changes in traffic intensities and
the composition of traffic flows lead to a decrease in the effectiveness of this regulation method [2-4].
However, on the sections of the street network where traffic management at the intersection is organized
only by road signs, significant delays in secondary traffic directions often occur. This value directly
depends on the traffic volume in the main direction. Therefore, in proportion to the number of vehicles at
the intersection of streets, there is a need to install traffic lights to regulate movement. At the same time,
this approach should ensure minimal traffic flow delays at the intersection in general [5, 6].

2. RESEARCH STATEMENT
The aim of the study is to identify the regularity of the change in the traffic delay duration depending
on the share of the permissive signal at the signalized street intersection. To achieve this, the following
tasks are accomplished:
— researching primary traffic flow indicators at signalized street intersections;
— simulation of the operation street intersection in the PTV Vissim software environment under
various parameters of traffic light control;
— determination of changes’ patterns in the duration of the traffic delay at the approaches to the
intersection depending on the permissive signal's share;
— development of practical recommendations for taking into account the research results.

3. TRAFFIC LIGHT CONTROL AND TRAFFIC FLOW DELAYS

Today, traffic light control is one of the effective ways to increase traffic safety at intersection and
the efficiency of its operation in general. One of the key elements of traffic light control is the duration of
its cycle and phases. The output data of the local fixed-time control, as a rule, is equal to the period of
maximum loading of the section or intersection and does not take into account the changes in traffic flows
throughout the time. At the same time, with a fixed-time multi-program switching of the traffic light, it can
be carried out according to the period of the day and days of the week, summer and winter periods,
different weather conditions (rain, snow, ice), etc. [2, 7].

At intersections with high traffic volume, there is an increased danger for both — cars and pedestrians.
As aresult, traffic light control systems are most often introduced for this purpose, significantly increasing road
safety. However, after implementing the traffic light at the intersection, traffic delays increase. Therefore,
the use of traffic light control systems must be checked based on the feasibility of their use.

Traffic delay at a signalized intersection is a delay that occurs as a result of a reduction in the speed
of motor vehicles due to traffic light signals. The delay value is the difference between the actual duration
of the car passage through the intersection and the duration of the same passage in free traffic conditions
without the influence of traffic light control [7, 8].

In simplified calculations, a dependence is most often used to determine the average delay (d) of one
vehicle, which is based on the assumption that the average duration of the delay will be equal to half the
time during which traffic movement is prohibited [9].

However, in general, the arrival of a vehicle at an intersection is a random process that is important
to predict. Webster proposed a formula that takes into account random situations. The average length of
one vehicle's delay on the approach to a signalized intersection with a fixed-time control cycle can be
calculated using the following formula [9]:
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where T, — the duration of the traffic light cycle; 4 — the ratio of the green signal duration to the duration of
the cycle; y — the degree of saturation of the direction of movement; N — the traffic volume in the studied
direction, unit/s.
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Thus, one of the main disadvantages is the increased delay of the vehicle when traffic lights are
installed. Webster's formula for calculating transport delays (formula (2)) laid the foundation for an
experiment to find the values of the signaling cycle that could minimize the total transport delay [10]. With
the help of this method, the dependence of an individual vehicle's average delay on the duration of the
traffic light cycle was determined, which is shown in Fig. 1 [7].
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Fig. 1. Dependence of the vehicle's average delay
on the duration of the traffic light cycle [7]

According to the data shown in Fig. 1, it can be stated that [7]:

— the smallest delay will be at point 7;

— as the cycle time increases, the delay will increase;

— when the cycle duration decreases, it will also increase;

— within the range of 0.75 Ty to 1.5 Ty, the transport delay is 10-15 % greater than the minimum

dnin value.

The main disadvantage of this method is its inability to use with a dense traffic flow since then the
degree of traffic saturation is y > 1, which leads to infinite delay values [7, 10].

In scientific research [11], with the help of simulation modeling in the PTV Vissim, the influence of
the traffic light control system on the waiting time for the opportunity to pass through the intersection for
the green light (W) was established:

2
o0
21,

where u — traffic volume approaching the intersection in a specific direction; A — the time during which the

, 2

car passes the intersection, s.

This method works under the condition that all vehicles must pass within the time allowed by the
traffic light signal. In this case, vehicle delays associated with waiting for the next green signal are not
considered. Therefore, such calculations should be considered auxiliary in estimating vehicle delays at a
signalized intersection, which does not consider volume-capacity ratio during delays [10].

4. TRAFFIC MODELING AND ANALYSIS OF THE OBTAINED RESULTS
Today, there are a significant number of methods for traffic simulation. They usually allow for
performing a wide variety of tasks. Therefore, the methods of solving these problems require a special
approach and different mathematical calculations depending on the characteristics of the traffic. One of the
modern solutions in transport modeling is the use of appropriate software. Products from the PTV Group,
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in particular PTV Vissim and PTV Visum, were widely used in this case. This software allows for
developing strategic planning, calculating transport demand, carrying out transport network analysis, as
well as carrying out traffic simulation, checking the feasibility of engineering solutions for traffic management
[9-13].

Microscopic transport models created in PTV Vissim reflect the current state of the street-road
network at the level of the individual vehicles® and pedestrians’ interaction, where initial data are collected
based on a survey. Such type of simulated transport model allows for analysis [12, 14, 15]:

— capacity of the transport network depending on the type of intersection;

— the impact of changing traffic management on the parameters of traffic and pedestrian flows;

— improvement of the traffic signal system;

— the interaction of pedestrians with vehicles.

Street A An X-shaped intersection (Fig. 2) with significant
| traffic volume was chosen as the object of the study.

: This choice is due to the fact that in big cities, traffic

I problems often arise precisely at the intersection of
arterial streets.

The main road at the intersection is an arterial
street with signalized traffic (Street A — Street C). It
consists of a multi-lane carriageway (lane width 3.75 m),
—————— the lanes of which are partially channelized. Other

streets have a lane width of 3.5 m.

Analyzing traffic parameters at the studied
intersection was conducted on working days of the
week. Measurements of the traffic flows' composition
(Fig. 3), the traffic volume (Fig. 4), as well as the cycle

| 10ans

Street C of traffic light control (Fig. 5 and Fig. 6), and other
Fig. 2. The existing scheme of traffic flows at the elements of traffic management were carried out at the
studied intersection intersection using different research methods.
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Fig. 3. Distribution of traffic flows at the investigated street intersection:
a — by composition; b — by direction

As can be seen from Fig. 3, the traffic flow is dominated by passenger cars.
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Fig. 4. Graph of the traffic volume at the investigated street intersection
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Fig. 5. Phase-to-phase movement of the vehicles at the investigated street intersection
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Fig. 6. The existing cyclogram of traffic light control

Generally, the existing traffic management scheme at the studied intersection can be considered
adequate. Asphalt coverage at the intersection and its approaches are in good condition. Due to the high
traffic volume, there are traffic jams before traffic lights (especially on streets A and C), which in a certain
way indicates a large number of transit slow-moving vehicles (buses, trucks, etc.).

PTV Vissim software was used to simulate traffic flows and determine delays. After downloading
the satellite map, road sections that form the investigated street intersections (Fig. 7a, b) were created. At
each intersection, appropriate traffic priorities for secondary or primary directions are established (Fig. 7¢),
as well as traffic speed limits on connecting road sections.

Fig. 7. Creation of an intersection model in the PTV VISSIM software:
a — creation of approaches to the intersection; b — creation of sections of roads within
the intersection; ¢ — creation of departure priorities.
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New cycle lengths are proposed to research traffic delays depending on the length of the traffic light
cycle at signalized intersections, particularly: 100, 105, 110, 115, and 120 s. In existing traffic conditions at
the intersection, the cycle duration is 113 seconds. When the cycle changes, the duration of its prohibitive
and permissive signals also changes. In the process of the research, the proportion of the permissive
signal's duration relative to the duration of the signaling cycle was calculated according to the methodology
proposed by Webster [7, 9].

The conducted simulations of the intersection operation made it possible to obtain relevant data on
vehicle traffic delays at intersections. According to this, graphic (Fig. 8) and mathematical (formula 4)
dependences which reflect the influence of the share of the permissive signal on the duration of the
transport delay were developed.
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Fig. 8. Change in the duration of traffic delays depending on the share of the permissive signal at the intersection:

--- cycle duration 100 --- cycle duration 105 --- cycle duration 110
— -—-cycle duration 113 o - cycle duration 115 --- cycle duration 120
d =0.9943- 5% —52.117- 25 +727.32, 3)

where A, — share of the permissive signal, %.

Formula (4) is presented as a quadratic equation and mathematically reflects the dependence of
transport delays on the duration of the permissive signal. The minimum delay is set at a percentage of the
permissive signal of 25 % and a cycle duration of 110 s. In this case, it is 39 s. However, the maximum
delay at studied intersection is at the cycle duration of 105 s and the share of the permissive signal 19 %. In
this case, it is 136 s.

Thus, it can be argued that increasing the duration of the traffic light cycle is not always practical.
The duration of the transport delay is largely affected by the share of the permissive signal from the total
duration of the traffic light control cycle. An equally important influencing factor is the value of the phase
saturation coefficient, which considers both the volume of the traffic flow and the saturation flow in each
of the signaling phases.

5. CONCLUSIONS
1. Studies of traffic flow parameters were carried out. According to this, the composition of the
traffic flow and the share of vehicles moving in different permitted directions were determined. This was
the initial data for creating a model of the intersection in the PTV Vissim software environment. Based on
this, the existing traffic delays at the signalized street intersection were determined.
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2. The developed model in the PTV Vissim software envisages a change in traffic light control
parameters without changing the traffic management scheme at the intersection. Based on this, vehicle
movement was simulated, and the average value of the duration of the delay of vehicles in the flow was
determined depending on the duration of the traffic light control cycle and its phases. Based on this, it was
established that traffic delays depend on both the duration of the cycle and the share of the permissive
signal.

3. Based on the modeling results, mathematical and graphical dependencies that reflect the
dependence between the duration of traffic delays and the share of the permissive signal in the cycle of
traffic light control were established. At the same time, it was found that the optimal share of the
permissive signal ranges from 23-26 %.

4. The established values should be taken into account during the development of traffic
management schemes at intersections and designing new and improving existing traffic light control
systems. In particular, the application of the proposed mathematical model will reduce the duration of
traffic delays and, as a result, reduce the probability of traffic jams, the level of environmental pollution,
the level of noise, etc.
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BIIVIMB YACTKH JO3BIJIBHOI'O CUT'HAJIY CBITJIO®OPHOI'O
PETI'YJIIOBAHHS HA TPUBAJIOCTI TPAHCITIOPTHUX 3ATPUMOK

Anomauin. Ha cvo200ni cnocmepicacmvcs 30inbuieHHs K PiGHs asmomoOinizayii, max i
iHmeHcusHocmel pyxy MpAaHCHOPMHUX HNOMOKIE8 HA 8VIUYHO-00pOJdICHIl Mepedxci. Yacmo ye
npu3800UmMb 00 HAOMIPHO2O0 HABAHMANCEHHS HA ICHYIOUY CUCHEMY OpeaHizayii 0OpOHCHLO2O PYXY
ma Waaxu cnoaydyeHHs. Ak Hacniook, 3pocmac KinibKicmbs ma mpusanicms mpancnopmHux 3ampu-
MOK Yy pyci, 0cobaugo y medcax HacereHux nynkmie. Hacniokom ybozo € ymeopenms mpanchopmHux
3amopie, 30LbUICHHS PIGHS GUMPAMU NATUBO-MACTIUILHUX MAMePIanie, PIGHs UYyM08020 3aOpyo-
HEeHHsI ma GUKUOI6 GIONpaAybO8aHUX 2a3ie. IHuuM, He MeHUl 8aMNCIUBUM HACTAIOKOM € NIOGUUCHHS
Pi6Hs asapitinocmi pyxy, 30KpeMa HA HepecylbO8anux nepexpecmsx. Bionosiono, ons niosuwenms
be3nexu pyxy ma 3HUNCEHHs KLIbKOCMI KOHGQAIKMYIOUUX NOMOKIE, 4acmo HA MAaKux nepexpecmsx
BNPOBAVIICYIOMb CUCTEMY CBIMIOMOPHO2O PecyNiO8anHs, a HA pe2yTbO8aHUX 00 €Kmax 30IUCHIO-
€mMbCs i1 onmumizayis.

O06’ekmom Q0CHiOMNHCEHHs1 € pecyibosane nepexpecms 0azamocmy208ux 6yaulyb, sKe po3-
MAWo08ane y MedHCcax HAceieH020 NYHKmy. B axocmi 2on106Hoi npobnemu, wo nompedye gupiuienns,
00paHo 3MEHUIeHHsT MPUBATOCHI 3aMPUMKU MPAHCHOPIMHUX 3AC00i8 HA Ni0X00ax 00 MAaKux
nepexpecms, 30Kpema i3 3aCMOCY8AHHAM BIONOGIOHUX OP2AHIZAYIUHUX 3AX00i6 Md WAAHYEAHHSL
pobomu cucmemu c8imaogoprozo pezynoganns. 3a pezyrvmamamu 00CTIONCEHHS BUABIEHO 3AKO-
HOMIpHOCIIE W00 3MIHU MPUBATIOCI MPAHCNOPIMHUX 3AMPUMOK 3ANENCHO 8i0 YACKU 0036LIbHOZO
CUSHANY Ma MPUGAIOCI YUKTY Pe2YIo8aHHsA Ha nepexpecmi eyauys. llpu yvomy, ompumani
pe3yIbmamu Mooento8anHs y npoepamuomy cepedosuwi PTV Vissim ceiduamv npo me, wo icnye
3POCMAHHS 3HAYEHb 3AMPUMOK i3 30LTbUIEHHAM MPUBAIOCTHI YUKTY CEIMAODOPHO20 Pecynto8anHsL.
Ilpome, He meHW 8aXNCIUBUM UYUHHUKOM BHIAUBY € [ YACMKA O0038LIbHO20 CUSHANY, OCKILIbKU 80HA
00360715€ 00 NeGHOI MIpU 3HUIICY8AMU MPUBATICMb Nepedy8alHs MPAHCNOPMHUX 3AC00i6 V pexcumi
OYIKYBAHHS HA NIOX00ax 00 pecyivbosanozo nepexpecms. Ompumani pe3yiomamu peKxomMeHO08aHO
BUKOPUCTNOBYBAMU K NPU PO3POOLEHHI HOBUX CXeM OP2aHi3ayii AOPOICHLO20 PYXY HA PecylbOBaAHUX
nepexpecmsix, mak i npu 600CKOHANCHHI 8JiCe ICHYIOUUX.

Knwuoei cnosa: mpancnopmuuil nomix, MpAaHCNOPMHA 3aAMPUMKA, CEIMAOPOpHEe pecy-
JIFOBAHHS, MPUBANICTNG YUKTLY PE2YIIOBAHHS, PE2YIbO8AHe Nepexpecnsi 6YauYb.



