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Study of the influence of coordinated regulation on the traffic flow parameters on
mtersecting streets

The article studies the nature of changes in traffic flow parameters on the intersecting streets when
using coordinated regulation to organize uninterrupted traffic on city highways. The influence of the
"green wave" mode on the traffic flow parameters is analyzed. Traffic delays on intersecting streets
were compared before and after the implementation of coordinated regulation. Traffic delay values at
intersections were determined and analyzed in a comparative manner using the Webster and HCM 2010
methodology and simulation tests. Measurements were carried out based on real values (speed and
traffic intensity on sections) taken at 7 intersections of the street network of the city of Baku. For
simulation tests, a coordinated regulation model built in the PTV VISSIM program was used. Using the
created micromodel, the results of the impact of the implementation of coordinated regulation on traffic
delays on main and intersecting streets were tested. The total time losses on the street where the "green
wave" is implemented and on intersecting streets were estimated for the options before and after the
coordination of traffic light modes. Based on the values determined by all three methods, it was found
that after the implementation of coordinated regulation on the main street the delay time of vehicles
increases on intersecting streets. The proposed approach can help to evaluate the effectiveness of
coordinated regulation in terms of time losses before its implementation on city streets.

Keywords: coordinated regulation, traffic flow, traffic parameters, delay, intersection, modeling,
PTV VISSIM

Introduction. Traffic jams and delays on city roads are considered the main problems of urban
transport infrastructure. The rapid growth in the number of vehicles requires the implementation of
various regulatory and organizational measures in cities. Before moving on to constructive solutions,
experts often try to solve the problem by optimizing the organization of traffic. One of such solutions is
coordinated regulation ("green wave"), which is introduced to ensure the smooth movement of traffic
flows on the main streets of the city. In most large cities in the world, this regulation regime has been
adopted as one of the main solution tools and is widely used. However, experience shows that the very
organization of such regulation is associated with certain problems.

The main consequences that may arise as a result of the introduction of coordinated regulation on the
streets include:

- a large loss of time for pedestrians when crossing the road;

- difficulties for cyclists in areas with high speed;
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- increased harm to the environment as a result of increased speed and increased emissions;

- increased exhaust emissions due to delays when making a left turn from the opposite side;

- inefficiency for public transport (especially buses) moving in mixed traffic;

- difficulty adapting to changing conditions due to traffic speed and other parameters;

- inefficiency for traffic on an intersecting street at low traffic volumes on the main road;

- reduced opportunities to ensure safety due to reduced driver attention;

- reduced opportunities to ensure the movement of emergency vehicles;

- increased delay time in intersecting directions;

- inefficiency of time saved on movement on the street due to long delays at the last traffic light;

- efficiency only for streets with certain geometric parameters;

- negative impact on the stimulation of mobility solutions that improve the quality of life, such as
walking and cycling.

As can be seen, there are certain negative consequences of coordinated regulation on city streets.
However, special attention should be paid to delays and congestion caused by traffic flows on
intersecting streets.

Analysis recent research and problem statement. Traffic signal coordination on streets is
implemented to improve mobility. Lee and Tarko [1] note that this mobility solution does not include
safety measures. In their study, the authors used a logarithmic model of short-term crash probability to
examine the impact of coordinated traffic flow on highways on side and rear-end collisions. The studies
showed that traffic signal coordination has a significant impact on crashes. Reducing the distances
between intersections reduces the number of crashes, and a separate right-turn lane reduces the risk of
crashes. Yue et al. analyzed the impact of traffic signal coordination on road safety using a model
implemented in the PTV VISSIm program [2]. The authors analyzed the number of traffic conflicts on
three Nevada highways under different traffic intensities. The studies showed that the introduction of a
“green wave” for unsaturated traffic flows can reduce the number of conflicts. However, no significant
differences in the number of conflicts are observed in saturated flows. A study of 121 intersections in
Ohio assessed the relationship between traffic signal performance (percentage of green signals) and
safety using vehicle trajectory data. It was found that a one percent increase in the number of people
driving on green lights reduced the number of crashes by 1.12% [3].

An analysis and evaluation of busy signalized intersections in Baghdad was conducted using Synchro
9. The author estimated the reduction in delays on major streets and queues at intersections in front of
traffic signals when using coordinated regulation [4].

There is experience in using modeling programs such as Aimsun, SUMO, Paramics and others to
analyze, evaluate and optimize traffic management at intersections and streets [5, 6, 7]. Using Anylogic
software, it is possible to analyze, evaluate and improve traffic management at intersections of various
configurations [8, 9, 10].

Bencat and Janota consider it appropriate to use a hybrid and multi-method approach, given the
complexity of the systems being modeled. The Anylogic environment is considered as such a modeling
environment. The authors compare the delay time for existing and designed options based on the values
of traffic flow intensity taken from the intersection [11].

In the work of Sutanhaya and Putra, a microsimulation approach was applied using VISSIM
software. The T-test was used to test the validity of the simulation. The objective of the study is to
improve the efficiency of intersections by coordinating traffic lights. In the simulation tests, it was found
that after the implementation of coordinated scheduling, the queue length was reduced by 18.52%,
delays by 21.41%, and fuel consumption by 5.15% [12].

In their study, Rida and Hasbi propose an algorithm for wireless network architecture that operates
according to changing traffic patterns to reduce queues at intersections, create a green wave system and
prioritize traffic on low-traffic streets. The authors use SUMO to model the traffic flow [13].

71



e-ISSN 2617-9059 Transport Systems and Technologies, 45, 2025

Delays are considered as one of the key metrics in assessing the service level at a signalized
intersection. Kumar et al. compared the delays predicted using the HCM2000 methodology at an
intersection with the delays predicted theoretically and found that there was no good correlation between
the observed and predicted values. Therefore, the authors recommend using the site-based values to
measure the service level [14].

There are a number of studies devoted to assessing vehicle delays at signalized intersections. For
example, Huang et al. simplified the analytical formula for the case of uniform vehicle arrival
distribution and obtained a linear relationship between time and vehicle location [15]. Ramesh and
Molugaram proposed an alternative planning method that takes into account parameters such as delay,
queue length, and service level at 4 major intersections in Hyderabad city [16]. In a study that measured
traffic delays and service levels at each of three intersections in Ilorin, the average delay time at the
intersections was determined and modifications to taxi and bus stop locations and parking areas were
suggested [17].

Working on a dynamic car equivalent model to optimize delays for heterogeneous traffic flows at a
signalized intersection, Roy et al. found that turning vehicles required more space and took longer [18].

As can be seen, the issue of assessing traffic flow parameters, especially delays, on streets
intersecting with signalized streets has been understudied.

The purpose and objectives of the study. The main objective of the study is to analyze changes in
traffic flow delays on intersecting streets by assessing and analyzing them using various methods when
implementing coordinated traffic flow regulation on streets and avenues in order to ensure uninterrupted
traffic flow, as well as determining time losses on main and intersecting streets in order to assess the
effectiveness of the regulation regime. For this purpose, traffic flow delays at entrances to the main
street and intersecting streets on the selected main street of the city were assessed and compared, and a
methodology for assessing time losses of vehicles and traffic flow as a whole on the section under
consideration was developed.

Materials and methods of research. The main parameters of traffic flows are the speed of traffic
flow, hourly traffic intensity and traffic density. The following relationship exists between these three
parameters [19]

q=kv, (1)

where ¢ - traffic intensity, veh/hour;
v - speed, km/hour;
k - 1s density, veh/km.

The traffic flow parameters under consideration are significantly affected by traffic control on the
street, especially delays at controlled intersections. The speed of traffic is reduced due to delays at the
entrances to intersections. Since the traffic intensity is generally constant, the traffic density increases.

At intersections controlled by traffic lights, the delay time according to the traditional Webster model
is calculated based on the operating mode of the traffic light as follows [20]

_ 2 2 1/3
g=U=A X 65 | o @)
2(1-Ax) 2q(1—x) q

where d - is the average delay time of one vehicle at each entrance, s;
¢ -is the cycle length, s;
q - is the traffic flow, veh/h;
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A - is the share of the green cycle in the overall phase, %;
X - is the saturation factor (the ratio of intensity to capacity).

In the formula, the first term is the average delay of vehicles arriving in different distributions, the
second term is the delay due to the randomness of vehicles, and the third term is the correction term, the
amount included in the model to take into account specific road conditions.

Modified forms of Webster's model have also been used in various studies. [21, 22].

According to the HCM 2010 methodology, the average delay time of each vehicle at intersections
controlled by traffic lights is determined as follows [23]

d = dun + dovs + dleave > (3)

where d,, -is the delays of vehicles arriving with uniform distribution and is determined as follows

82
O.SC(I—E) (I—P)fp

d = @)
1-£x) 1-£
C C
where X - the ratio of traffic volume and capacity;
C - cycle length, s;
g - is the duration of the green light, s;
fp - is progression adjusment factor;
d, . -isthe delay under congested traffic conditions and is determined as follows
d,, :900{(){ -+ \/(X -1+ KLY } (5)

where 7" - is the assesment period;
K - is increment delay factor 0.4-0.5 (0.5 for fixed-time signals for the M/D/1 queuing system);
[ - is upstream filtering adjusment factor (1 for an isolated intersection).

d,, - is the delays occurring when leaving the queue before the intersection and is determined as follows

36000,

leave —

d —18007(1 - X), (6)

c

where ¢ - is capacity of intersection aproach, veh/h;
0, - is the queue length at the beginning of assesment period, veh.

As an alternative to analytical methods for calculating traffic delays, it is possible to propose
determination by means of simulation models using computer programs. Simulation models allow one
to evaluate the effectiveness of serious design and organizational measures on streets and roads before
their implementation. In addition, using these models, one can successfully test various options for
improving traffic organization. The fastest and most cost-effective solution to reduce traffic delays is to
improve the performance of traffic lights at intersections. The various simulation programs used for
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simulating traffic flows, such as SUMO, Aimsun, CORSIM, Paramics, SimTraffic, PTV Vissim, differ
somewhat in their functionality [24]. It is noted that PTV Vissim is increasingly used as a modeling tool
in studies related to the analysis, evaluation and improvement of traffic flows [25]. PTV Vissim is more
suitable for implementing the verification of various solutions, since it has more necessary functions.

Primary data were obtained by live observation on Bakikhanov Street, one of the main transport
arteries of Baku, where the coordinated traffic light mode is implemented. In real life, there are serious
queues and delays on intersecting streets. For example, in Figure 1 is shown a satellite image of one of
the Bakikhanov Street intersections.
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In Figure 2 is shown a traffic organization scheme on Bakikhanov Street in Baku.
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Fig. 2. Traffic management scheme on Bakikhanov Street with traffic directions indicated
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Table 1 shows the actual traffic intensities in the directions at intersections.

Table 1. Traffic intensity values by directions at intersections

At the 1st At the 2nd At the 3rd At the 4th At the 5th At the 6th At the 7th
intersection intersection intersection intersection intersection | intersection | intersection
Traffic intensity, veh/h
B A B A B A B A A A B
2473 2308 | 1958 | 2082 | 776 2230 | 744 2100 3215 2774 | 788
C D C D C D C D C C C
655 1007 | 542 256 1684 | 198 1166 | 1010 1415 1850 666

There are seven intersections on Bakikhanov Street where traffic light control is used. These are
intersections with Izmir, Rashid Behbudov, Jeyhun Hajibeyli, Jalil Mammadguluzade, Mardanov
Gardashlari, Samad Vurgun streets and with Azadlig Avenue. The cycles of traffic lights are adjusted
along the street to coordinate the work of traffic lights. The estimated duration of the cycle is 120
seconds. A micromodel was created in the PTV VISSIM software to test the movement of the traffic
flow and to determine vehicle delays. The coordinated traffic control schedule on Bakikhanov Street in
Baku, constructed in the program in accordance with the actual traffic light operation mode, for direction
A (from Izmir Street to J. Hadzhibekov) is shown in Figure 3.
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Fig. 3. Coordinated traffic control schedule on Bakikhanov Street in Baku

In the Figure 4 is shown queues at intersected direction at the four intersections (1th intersection with
Izmir avenue, 5th intersection with R. Behbudov street, 6th intersection with Azadliq avenue, 7th
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intersection with Jeyhun Hajibeyli street) in results of testing of micromodel of traffic, built using the
PTV VISSIM program the implementation of coordinated traffic on main street.

i

5th intersection with R.Behbudov street

-

!

6th intersection with Azadliq avenue 7th intersection with Jeyhun Hajibeyli
Fig. 4. Queue at intersected direction in results of testing of micromodel (3D)

As can be seen from Figure 4, the results obtained from simulation experiments on streets intersecting
with Bakikhanov Street also show that queues are formed in front of traffic lights on the intersecting
streets. Therefore, it is necessary to calculate isolated traffic light operation modes based on the actual
traffic flow intensities at all intersections and compare the obtained values using the proposed methods.

By applying the proposed simulation model, it is possible to compare the obtained delay time values
with those obtained from analytical reports and determine the conditions for the effectiveness of the
green wave on the main street in terms of time losses. Based on the above formulas and simulation
experiments, a mathematical model was created to determine the total time losses on the street section
where coordinated traffic control is applied. Thus, in general, the delay time of entering intersections
where coordinated traffic control is applied can be determined as follows in accordance with the Webster
and HCM 2010 methodology

>d= iindi : (7)
i=1

J

where d, - is the vehicle delay time at the stop linei ;

N ,; - is the number of vehicles at the stop line 7.
The delay time obtained using the model created with PTV VISSIM will be determined as follows:

>d= Z;D" , (8)

where D, -is the delay time of all vehicles at the stop line i .

Discussion. The values of delays at the entrances to the intersections of the main and intersecting
streets as a result of tests conducted using the model, as well as those calculated using the Webster and
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HCM 2010 methodologies before and after the implementation of coordinated regulation at the
intersections are given in Table 2 and Table 3.

Table 2. Values of delay time on the main street

At the 1st At the 2nd | At the 3rd At the 4th At the 5th At the 6th | At the 7th
intersection | intersection | intersection | intersection | intersection | intersection | intersection
Delay time per vehicle before the implementation of coordinated regulation, sec
B A B A B A B A A A B
Webster 15.3 135128 98 | 108 | 9.7 | 84 11.3 7.2 159 | 31.9
I;gll\g 147 | 126|132 11.1] 99 | 97 | 84 10.1 8.1 15.6 | 378
PTV 15.8 144 | 122 | 17.3 | 10.3 | 10.7 | 10.7 12.5 9.3 149 | 42.8
VISSIM . . . . . . ) . . . .
Delay time per vehicle after the implementation of coordinated regulation, sec
B A B A B A B A A A B
Webster 9.9 95199 | 69| 64| 70 | 73 7.6 6.7 149 | 35.0
I;gll\(/)l 10.1 7.1 75 | 57| 49 | 6.0 | 49 8.0 7.8 14.7 | 38.9
PTV
VISSIM 12.5 87 | 7.8 | 11.7 ] 5.1 83 | 49 8.2 7.9 14.1 | 46.7
Table 3. Values of delay time on intersecting streets
At the 1st Atthe 2nd | Atthe 3rd | At the 4th At the 5th At the 6th At the 7th
intersection | intersection | intersection | intersection | intersection | intersection | intersection
Delay time per vehicle before the implementation of coordinated regulation, sec
C D C D C D C D C C C
Webster | 24.7 | 24.3 | 19.5 | 19.9 | 12.4 | 11.9 | 13.8 | 13.9 23.4 14.1 33.3
}21(()311\(/)1 16.1 | 16,9 | 195 | 19.2 | 12.1 | 12,5 | 139 | 13.9 24.3 14.6 32.9
M 18.7 | 13.1 | 19.3 | 20.9 17 10.7 | 16.8 17 24.6 18.6 34.2
VISSIM . . . . . . . . .
Delay time per vehicle after the application of coordinated regulation, sec
C D C D C D C D C C C
Webster | 28.7 | 27.9 | 28.5 | 28.2 | 22.5 | 22.9 | 23.3 | 20.3 27.3 17.3 31.8
I;I(()jll\(/)l 222 | 21.1 | 28.9|28.6 |24.9 |264|249|24.8 34.7 28.6 39.7
PIV 1267|187 | 243 | 30.1 | 31.0 | 27.6 | 24.8 | 27.7 335 295 42.9
VISSIM . . . . . . . . . . )

As can be seen from Table 2, the results obtained when calculating traffic delays on the main street
using different methods do not differ significantly. However, after the implementation of coordinated
regulation on the main street, a decrease in delays was noted. Only at the seventh intersection in the
direction B (intersection with J. Hajibeyli), or more precisely at the entrance to Bakikhanov Street, an
increase in delays is observed. This is due to the start of the coordinated mode.

Based on the data in Table 3, it can be said that after the implementation of coordinated regulation
on intersecting streets with the main street, the average delay time per vehicle increases when calculating
using all three methodologies. This increase is felt even more strongly with the growth of the intensity
of vehicle traffic in these directions. Delays on intersecting streets are more pronounced at intersections
with high intensity and density of traffic. For example, for the sixth intersection in the direction C, the
delays per one vehicle, calculated by the Webster, HCM 2010 methodologies and obtained from the
simulation experiment in PTV VISSIM for the isolated mode are 14.1, 14.6 and 18.6 seconds,
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respectively. But after implementation the coordinated regulation, the delays increase to 17.3, 28.6 and
29.5 seconds, respectively. This is approximately twice as much as the values obtained from the isolated
mode of operation.

Using formulas (7) and (8) the results of calculating the total traffic delays on the main highway and
intersecting streets, based on the values of Tables 2 and 3, as well as on the values of traffic intensity at
intersections, are shown in Table 4.

Table 4. Total delay time at intersections before and after the implementation of coordinated

regulation
Total delay time, hour

with Webster with HCM2010 with simulation tests

methodology methodology
Before the 1mp1ementgt10n 1272 124,92 139.9
of coordinated regulation
After .the 1mplemeqtat10n of 128.9 136.25 149,36
coordinated regulation

As can be seen from Table 4, the total time losses of vehicles when traveling along the main and
intersecting streets did not decrease when comparing the variant where isolated regulation was used at
intersections with the variant where coordinated regulation was used on the main street. The results
obtained during the simulation experiments for considered case show that this time even increases by
about 10 hours. From this, it can be concluded that when implementing coordinated regulation on main
streets, it is necessary to take into account not only the time losses on this street, but also the time losses
on intersecting streets. In this regard, the proposed methodology can be used for verification of
effectiveness of coordinated regulation.

Conclusion. In order to reduce vehicle delays on city streets, a coordinated traffic light control mode
("green wave") organizes. Despite its high efficiency on main streets, this solution has certain
drawbacks. One of these drawbacks is an increase in traffic delays on intersecting streets.

The calculated values of the delay time using different methods for real traffic light operation modes
on streets intersecting with the main street, where coordinated control was used, show that the use of
such a mode increases the average delay time on intersecting streets, and in some cases the total delay
time on the main and intersecting streets. Therefore, when implementing the "green wave", it is
necessary to analyze and verify the total time losses at street intersections using a simulation experiment.
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BuBueHnHs BIIVIUBY KOOPAUHOBAHOI'0 PEIyJIOBAaHHA HA NMapaMETPU TPAHCIIOPTHOI'O
MOTOKY Ha BYJHMUAX, 0 MNEPETUHAKTHCH.

VY cTarTi AOCHIMKYEThCS XapakTep 3MiHHM MapaMeTpiB TPAHCIOPTHHUX IMOTOKIB Ha BYJHISX, HIO
MEPETHHAIOTHCA, TIPU 3aCTOCYBaHHI Y3TO/PKEHOTO PeryIIOBaHHS ISl OpraHizaiii 6e3mnepebiiiHoro pyxy
Ha Micbkux Marictpansix. [IpoanamizoBano BIHMB pexumy "3eneHoi XBWii" Ha mapameTpud pyxy
TPaHCHOPTHUX MOTOKIB. 3aTpUMKHM TPAaHCIOPTHOTO TOTOKY Ha BYJHIAX, HIO TEPETUHAIOTHCS,
MOPIBHIOBAITUCS 10 1 MiCNs BIPOBAIKEHHS Y3TOPKEHOTO PErYJIIOBaHHS. 3HAUYECHHs 3aTPUMKH PyXy Ha
MepexpecTsiX BH3HAYANMCA Ta aHAi3yBalUCS MMOPIBHSHO 3 BUKOPHCTAaHHAM MeTozosorii Webster Ta
HCM 2010 Tta imitamiiiHux TecTiB. BuMiproBaHHS MPOBOIWIMCS Ha OCHOBI pEalbHUX 3HAYEHb
(WBUAKOCTI Ta IHTEHCHBHOCTI PyXy Ha AUISHKAX), B3STUX Ha 7 MEPEXpecTsiX BYJIMYHOI Mepexi MicTa
Baky. Jlns iMiTariifHuX BUMPOOYBaHb BUKOPHUCTOBYBAJIACS MOJIENb KOOPJAHMHOBAHOTO PETyIIOBAHHS,
nobynosaHa y nporpami PTV VISSIM. 3a gomomororo cTBopeHoi MiKpOMO/Ieli EpeBipeHo pe3yIbTaTH
BIUIMBY BIPOB3/KEHHSI Y3TOJPKEHOTO PETYJIIOBAaHHS Ha 3aTPHUMKH PyXy Ha OCHOBHHX BYIHIISIX, IO
nepeTrHaloThcd. ONIHEHO CyMapHi BTpaTH 4Yacy Ha BYJIWIN, J€ pealli3yeThCsl «3elieHa XBHIIS», 1 Ha
BYJIUIISIX, IO MIEPETHHAIOTHCS, JIJIsl BAPiaHTIB JI0 1 TICIIs y3TOJKEHHS peKuMiB pobotu cBitiodopis. Ha
mijicTaBl 3Ha4YeHb, BU3HAUYEHHX 3a BCiMAa TpPhbOMa METOJWKaMH, BCTAHOBJIEHO, IO BIPOBAKEHHS
Y3rO/DKEHOTO PETYJIIOBAHHS Ha BYJIHII, 110 PO3TISIAETHCS, JO3BOJIHMIO CKOPOTHUTH 3arajibHi BTPaTH
yacy. OHaK Ha BYJIHMIAX, [0 MEPETHHAIOTHCS, 301IbIIYETHCA Yac 3aTPUMOK TPAHCIIOPTHUX 3aCO0IB.
3arponoHOBaHUH MiJXiJ] MOXKE JIOTIOMOITH OI[IHUTH €(DEeKTUBHICTh KOOPJAMHOBAHOTO PETYIIOBAHHS 3
HOTJISTy BTPAT Yacy 10 HOro BHPOBA/KEHHS HA MiCHKHX BYJIHIISX.

Kntouosi cnoea: koopHOBAaHE PETYIIOBAHHS, TPAHCIIOPTHUI TOTIK, MapaMeTpH pyxy, 3aTPUMKA,
niepexpects, monenmtoBanus, PTV VISSIM

80



