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Developing a coordinated regulation schedule to
prevent damage to the environment by vehicles
and improve the structure of the energy system:
evidence from the city of Baku (Azerbaijan)
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Abstract. Problem. The scale of road traffic is constantly increasing all over the world, which is the basis
and indispensable condition for sustainable economic growth, on the one hand, and the source of a complex
of transport and environmental problems, on the other. One of the most pressing problems is the congestion
of road networks. Goal. The purpose of the article is the analysis of the way to organize the creation of an
effective system that controls traffic in an urban agglomeration. Methodology. This article analyzed the case
of one of the main avenues of Baku to develop a coordinated regulation schedule for reducing vehicles dam-
age to the environment by waiting at a red light, as well as for improving the structure of the energy system
in the developing countries, especially in Ukraine, which has been suffering from war. Results. For this
reason, in the article a proposal was made to improve the efficiency of traffic management at the main inter-
section of Matbuat avenue in Baku, the number of vehicles moving on the avenue was studied and the traffic
light timings report was made at all intersections, the reports were adapted to the main roadway, and a green
wave graph was constructed. Originality. The methodology for estimating environmental and economic
damage from the impact of motor vehicles on the urban ecosystem, including indexation coefficient has been
improved. The methodical bases of the design of a complex of environmental measures to reduce the impact
of vehicles on the environment of Baku have been substantiated. The article provides a basis for the design
of a complex of environmental measures. Practical value. A set of measures has been developed to reduce
pollution from city vehicles, which can be used in regional and municipal programs.
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Introduction

In very large and large cities, traffic jams are
constantly increasing, as well as the coordinated
schedule of traffic lights is not determined
according to the flow of traffic, vehicles are stuck
in traffic jams, or pass through a green light at an
average speed at one intersection and turn a red
light at another, which in addition to creating
traffic jams, causes environmental problems,
causing imbalance and increasing the number of
carbon emissions [1-3].

As it is known, the main reasons for traffic
jams are illegal parking, irregular bus traffic, fail-
ure to report on corrective schedules of intersec-
tions, and there may be other reasons. However,
one of the main causes of traffic delays, smooth
traffic flow and, in the absence of traffic jams,
meaning less waiting for a green traffic light, is
the result of uneven coordination of the daily con-
figuration of the system.

As a result of the correct control of the coor-
dinated regulation system, if cars moving along a
certain street or avenue adhere to a given speed,
then they enter the “green wave” mode, that is,
they fall on the green traffic light on all the pas-
sages they pass [4-9].

To prevent vehicles from causing more dam-
age to the environment by waiting at a red light,
in this article, an investigation was conducted on
the establishment of a coordinated regulation in
one of the main avenues of Baku, the capital of
the Republic of Azerbaijan [10-14].

Statement of the problem

As in all capitals and big cities of the world,
traffic is difficult in Baku. The city is overpop-
ulated. Most people have cars, so the city also
has a surplus of cars. In many places, traffic is
paralysed and as a result, so-called "traffic
jams" are formed. Therefore, measures should
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be taken to resolve transport problems on the
roads of the capital. In the mentioned Matbuat
Avenue, investigations were conducted in or-
der, and a proposal and solution were prepared.

Project proposal for the intersection of
Matbuat Avenue and A. Sultanova Street

To create a method of strength and durability test-
ing with the help of modern calculation com-
plexes for the newly designed bearing systems by
computer model analyzing with modeling the
machine working operations. For this purpose, a
created computer model of the loader should be
the most relevant to the real machine. To deter-
mine the workflow load.

Methods of strength assessment of the
bearing system based on the results of virtual
tests simulation.

A. Sultanova Street and Matbuat Avenue are
3-phase (Scheme 1, 2), and other intersections
are 2-phase, so it is impossible and inefficient
to establish a “green wave” schedule on this av-
enue. Therefore, if the next new project pro-
posal is created at said intersection, then a co-
ordinated regulatory system can be prepared at
Matbouat Avenue [15].
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Scheme 1. Current traffic light phases at the in-
tersection of Matbuat Avenue and Ayna
Sultanova Street

A traffic jam at the intersection of Matbuat
Avenue and Abbas Mirza Sharifzade Street is
created due to the 3-phase traffic light mode,
and at Matbuat Avenue - due to the traffic in-
tensity, which is greater than the traffic capac-
ity of the road, especially during peak hours of
the day. As a result of observations, the number
of vehicles entering in the direction of Matbuat
Avenue and "Badamdar" during peak hours in
the morning was 2371 auto/hour, at peak hours

in the evening 2058 auto/hour, and the number
of cars entering in the direction of the circle
"January 20" was 2616 auto/hour during peak
hours in the morning and 2952 auto/hour dur-
ing peak hours in the evening.
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Scheme 2. Vehicle traffic patterns at the intersec-
tion of Matbuat Avenue with Ayna Sul-
tanova Street

It turned out that two phases of a three-
phase traffic light, which is located near the bus
stop at the intersection of A.M. Sharifzade
Street and Matbuat Avenue, in the direction of
Matbuat Avenue, impede the movement of ve-
hicles turning right.

Considering the above, several proposals
were developed (Figure 1) to improve the effi-
ciency and safety of traffic at the intersection of
A.M. Sharifzade Street with Matbuat Avenue:

o Create a "pocket", as shown in Figure 1, in the
direction of A.M. Sharifzade Street to the
right of Matbuat Avenue;

e By directing vehicles moving in the direction
from A.M. Sharifzade Street directly to A. Sul-
tanov Street and in the direction from the "Circle
of Galaba" to the left to Matbuat Avenue, as
shown in Figure 1, to the right (in the direction
of Matbuat Avenue and Badamdar) and organ-
izing a turn back after 300 meters (except for
trucks) to ensure a turn back;

e Add one lane on the right side of the road in
the order shown in Fig. 1 to avoid the obstruc-
tion of vehicles by the proposed turn back
from Matbuat Avenue in the direction of
"Galaba Circle";

o At the specified intersection, by switching the
traffic light from three-phase mode to two-phase
mode, as shown in Fig.1, it is recommended to
manage according to the schedule.
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Fig. 1. The proposapfoject for the itesection
of Matbuat Avenue and A.Sultanova Street

Methodology: (Scheme 1) [16-22]

In order to prevent vehicles from causing more
damage to the environment by waiting at a red
light, in this article, an investigation was con-
ducted on the establishment of a coordinated reg-
ulation in one of the main avenues of Baku, the
capital of the Republic of Azerbaijan.

Table 1 Phases of traffic lights at the intersections of
Matbuat Avenue:

At the in-

tersection "

with Aina

Sultanova

street

At the in- R —
tersection e

with S — \
M. Rahim
street

At the in-
tersection

with —
V .Va- 1’
habzade

street

At the in-
tersection
with A.
Hagver-
diyev .
street
At the in-
tersection
with

A. Ab-
basov
street

Because of this, this article offers a project
proposal to improve traffic on Matbuat Avenue.
There is a project proposal for the intersection of
Matbuat Avenue and A. Sultanova Street. Be-
cause A.Sultanova Street and Matbuat Avenue
are 3-phase, as well as other intersections are 2-
phase, it is both impossible and inefficient to es-
tablish a “green wave” schedule on this avenue.
Therefore, other measures must be taken.

Then, there are reports of time regimes (taking
into account the first section) on Matbuat Avenue,
namely the phases of traffic lights at the intersections
of Matbuat Avenue, the actual intensity of traffic in
directions at the intersections of Matbuat Avenue, as
well as calculations of the reduced traffic intensity,
traffic flow in directions, phase coefficient on the
phases, the sum of the maximum phase coefficients,
lost time, the duration of the intermediate cycle by
phases, the control cycle, the main regulated cycles,
the walking path, the correction of the duration of the
main regulated cycles, the walking path, as well as
the duration of the adjusted cycle.

At last, there is given an application of coordi-
nated regulation (“Green Wave”), namely, a report
on the construction of a schedule of coordinated
regulation and a schedule of coordinated regulation
is carried out.

Table 2 Actual intensity of traffic in directions at the

intersections of Matbuat Avenue

A Sultanova M. Rahim B.Vahabzade | A Hagverdivev A Abbasov
street street street street street

-
29| 8 ® | =
g E| €

g

| oy 2| g
BlEIE| B|E| B

]
8% H H

bus

93| 9| 6
113

Ni | 599 (20| 44 | 1412 8 [ 10 | 1241 | 30| 21 | 1371] 19

Ny | 885(16| 36 | 1305(30| 10 | 1005 | 12| & | 940 | 3 109

725 | 30
Ns - - - - - - - - - | 780 | 14 381 | 6
Ns | 80 [ O] 2 - - |- - - - 157 ) 0 126 | O
Ne | 192 20| 15 - - - - - - - - |- 432 0|13
0
0

543 [ 12 ( 27

S ||| w |

N7 | 38832 14 - - - - - - 95 00| 30
Ng - - - 1441 0 0| 192 | 0| 4 | 153 | 4 1| 228
No |435( 16| 12
N |294| 0| 4

Nn | - - S| M2 {2 212318 3

Calculation of reduced traffic intensity

N, =N, -K,+N,-K, + N, - K, unit/hour

K, =LK, =2K, =4
Table 3

N1 N2 | Na | Ne [ Ns | Ns | N7 | Ng | No | N | Nu | N
ASultanova | o | ygps | | o | s | 27| 40| - | 503 | 206 | -
street
M Rahim , ,
e wsg | 13es | - | - | - | - | - ] - | -] - |52
B Vahabzade -
et 1364 1053 | - | - | - | - | - [204] - | - | - |168
Afagverdivev| 1451 | 970 | 803 | 320 | 157 | - | 95 | 16
street
AAbbasov 999 | 1169 | 648 | 420 | 126 [ 471 | 30 | 252
street
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Calculation of traffic flow in directions: Table 9
ASultanova | M.Rahim | B.Vahabzade | A.Hagverdiyev | A.Abbasov
street street street street street
M. —1800-n. - Ndir-*-l\|rigm-+-|\||eft T 58 29 27 39 29
o ° Ny, +1.25- Nyigne +1.75° Nigg 2) . . ) )
) Calculation of the duration of the main adjust-
units/hour .
able cycles:
Table 4 v
A.Sul;z:rx:)e\t'a M.Sl;;:f;m B.V:ﬂgl;tzade A.Ha;:txl::ghyev A.,?‘l;:::ov tmaini _ limax (Tc _ L) —l | SEC (8)
Maz1se | 5568 | Mam 5400 | My 3600 | Mans 3513 | Mams | 3502 Y
Mzt 2880 | M 3600 | M 3600 | M 3600 | Mams | 5038
M0 | 4554 | Muws, 2 | 2389 | Muss2 3659 | Mgy 5261 | Mam;y | 3561 Table 10
Miass 5184 | Mamas | 4937 ASultanova | MRahim | B.Vahabzade | A Hagverdiyev | A Abbasov
street street street street street
L oot 20 17 16 2 14
Determination of the phase factor on the — 0 n ;) 5 .

phases:

N

— rt
Yi = ®)

dir

Table 5
A Sultanova M.Rahim B.Vahabzade | A.Hagverdiyev | A.Abbasov
street street street street street

Yiss 024 | Y 027 | Y1 0.38 | Yis 0.45 Yis 0.32
Y7 0.17 | Y2 0.39 | Y2 03 Y2 0.27 Y2 0.33

Y10 0.35 | Yan2 0.12 | Yz 0.1 Yo 0.17 Yir 0.19
Yas 0.19 Yig 0.14

Determining the sum of the maximum phase
coefficients:

Y =2 Vo (@)

Table 6
ASultanova | M.Rahim | B.Vahabzade | AHagverdiyev | A.Abbasov
street street Tstreet street street
*
Y 0.59 0.51 0.48 0.64 0.52

Determining the duration of an intermediate
cycle by phases:

_ . f2-|.
Loy = Y -t G 3'6— ~+2,sec  (5)
7.2-] v, b

Table 7 B
ASultanova | MRahim | B.Vahabzade | AHagverdiyev | A.Abbasov
street strest street street street
Tat 4 4 4 4 4
Tam 4 4 4 4 4

Lost Time Calculation:

L= zin:l(tinti -1), sec (6)

Table 8
ASultanova | MRahim | B.Vahabzade | AHagverdiyev | A.Abbasov
street strest street street street
L 6 6 6 6 6

Calculation of the duration of the control cy-
cle:

T :1.5-L+5

, SeC
= ™

Determining the duration of a pedestrian road:

B P
tpi :V—+515ec (9)
p
Table 11
ASultanova | MRahim | B.Vahabzade | A Hagverdiyev | A.Abbasov
street street street street street
Ta 15 14 17 23 22
Ten 24 21 22 21 21

Correction of the duration of the main adjust-
able cycles, as well as the duration of the walking
path:

Table 12

At I‘rm‘.',iw,l > tp! " rmamﬂ > tpu'

A Sultanova street Emain = 20 S€C.  Eomgany = 30 sec.

At tpainr > tpr ¥ tainr < o

I takes on the meaning
Emaintr = Loy = 21 sec. Then,
M.Rahim street tmaint ~ Yimax

tmam[! YHmﬂX‘

tmains = 68 seC.

At I"r:r’acz:ml < tpl H tmam.’l < tpn’ ’
takes on the meaning t,,, 4,y = t,;; = 22 sec. Then,

tmaint  Yimar

B.Vahabzade street i =7
mainll  YiImax

t = 84 sec.

mainl

At i:mr:uZnH < Eph‘
takes on the meaning t,, i,y = tpy; = 21 sec. Then,

tmainl _ Yimax tmains _ 045

A Hagverdiyev street =
& 4 tmainti Yiimasx 21 0.19

Emaims = 50 seC.

Al < EpL’
takes on the meaning t,,,q;ny; = tpr = 21 sec. Then,
Emainl Vimax  tmains _ 033

A Abbasov street SR = —SmAR =
tmainll  Yomax 21 0.19

tnains = 36 sec.

The duration of the corrected cycle:

Tc =tmainl +tin| +tmain|l +tin|l ' sec (6)
Table 13
A.Sultanova | M.Rahim | B.Vahabzade | A.Hagverdiyev | A.Abbasov
street street street street street
T. 58 97 114 79 65
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Results and discussion [23,24,25].
Coordinated control scheduling report
Table 14

Building a schedule of coordinated regulation
(Figure 2). Recommended speed:
From the intersection of Matbuat Avenue with
A. Sultanova Street to the intersection with

cemegulationreport | Te | Tyur [ T | @ | 5 | & | T A. Abbasov Street - 55 km / h,
atbuat Avenne_ e In the opposite direction - 50 km / h.
M.Rahim street 7 s | 91 | 6| & | 20 ] 0 Horizontal scale in 1 cm 10 sec., vertical scale
T v I a B in 1 cm 100 m.
-Hagver: yev streef - - - -
A Abbasov street 65| 57 | o1 | 26 | 2 | 3 | @ The width of the timeline is 24 seconds.
A.Sultanova st. T — T e T e W T ] W
33+4+50+4 =91 S
MRahim st. S . A - S
63+4+20+4 = 91 72}:.&.;?. . LT O T DO T
47 :
. \ X ' :
B.Vahabzade st. 4,,,/% a \ . %bﬁ L ﬁ% A \\\ ! 4 4%_,\ Y,
€6+4+17+4 = 91 — ///4, ; ?_\\\\%\ //,, - Q§“1:—1/,,, i ~§_r///,( \\_/,,_
19.1 / \ 4 \ / - ¢ \ //
154 _ \
A. Hagverdiyev st. $ \
58+4+25+4 = 91 —7:‘:_]' AN LT 4, ]
2.0
8.7
A Abbasov st. V. . NRNEY
S2vde3tea = g1 T — S — TI—— T ———

Fig. 2. The green wave graph established on Matbuat avenue of Baku city

Conclusion

Based on the foregoing, it can be concluded that
with the use of these materials, a coordinated reg-
ulatory system on Matbuat Avenue can be pre-
pared. Because all traffic lights on the avenues
and streets of Baku function in a flexible setting
system, they can work in different periods de-
pending on "peak", and "off-peak" hours, week-
ends, holidays, and other time modes), and, ac-
cordingly, an agreed adjustment schedule should
be established as shown in Figure 1, and eventu-
ally the green wave system should be applied in
all directions. As a result of the application of the
"green wave" system, delays on the roads are re-
duced, the negative impact on the psychophysio-
logical indicators of drivers is reduced, the free
flow of traffic is normalized, and the time of
"traffic jams" is minimized (Figure 2).

Based on the foregoing, it can be concluded
that with the use of these materials, a coordinated
regulatory system on Matbuat Avenue can be
prepared. Because all traffic lights on the avenues
and streets of Baku operate in a flexible setting
system, they can work in different periods de-
pending on “peak”, and “off-peak” hours, week-
ends, holidays, and other time modes, and,

accordingly, an agreed adjustment schedule
should be established, as shown in Figure 1, and
eventually, the green wave system should be ap-
plied in all directions. As a result of the applica-
tion of the "green wave" system, delays on the
roads are reduced, the negative impact on the psy-
chophysiological indicators of drivers is reduced,
the free flow of traffic is normalized, and the time
of "traffic jams" is minimized.
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Po3pobka y3rom:kenoro rpadgika pery1ioBaHHs
JUUISl 3a100iranHs MKOAW TPAHCHOPTHUM 3aco0aM
HABKOJIHIIHBOMY CepeA0BHIILY Ta MOKPALeHHS
CTPYKTYPH eHepreTu4Hoi cucremu: Joxasu 3
Mmicta baky (A3ep06aiiakan)

Anomayia. IIpoénema. Macumadbu 00pox*CcHbLO2O
PYXY HOCITIHO 3pOCMAlOmb Y 6CbOM) C8IMi, WO € OC-
HOB010 i HeOOMIHHOIO YMOBOI CMAN020 eKOHOMIYHO20
3DOCManHst, 3 00H020 OOKY, I 0Jceperom KOMIIEKCY
MPAHCNOPMHUX | eKONOSIMHUX npobieMm, 3 IHUO02O.
OoHiero 3 HatlakmyanbHiWUX npodiem € nepesanma-
JiceHicmb  0opodicHboi  mepedici.  Mema.  Mema

cmammi — 5K Op2auizy8amu CmeopeHHs: eeKmusHoi

cucmemu KOHmMpOoJi0 00POACHLO20 PYXY 8 MICbKIll ae-
nomepayii. Memoodonozia. YV yiii cmammi npoanani-
308aHO 8UNAOOK OOHO20 3 20106HUX npocnekmis baky
01 pO3POOKU Y3200%4CeH020 2pagika pezynro8aHHs
0J11 3MEHUIeHHs WKOOU, IKY MPAHCNOPMHI 3aco0U 3a-
60al0Mb HABKONUUHLOMY CEPedosUliy Yepe3 O4iKy-
6aHHS HA YepBOHe CGIMIO, a MAaKodIC 01 B00CKOHA-
JIeHHSI CIMPYKIMYPU eHep2emuyHol cucmemu 6 Kpainax,
wWo po36usaromucs, 0cobaueo 6 Yrpaiui, ska nocmpa-
oicoana ei0 eitinu. Pesynomamu. 3 yiei npuuunu 6
cmammi Oy1a 6HeceHa RPONo3uYis w000 NiOBUWECHHSL
epexmusHoCmi Opeanizayii OOPOAHCHbO2O PYXy HA 20-
J108HOMY nepexpecmi npocnexmy Mambyam 6 Baky,
8UBUEHA KLIbKICMb MPAHCNOPMHUX 3AC00i8, W0 pyXa-
I0MbCsi N0 NMpoCneKmy, i 3poOneHo 36im  npo

XPOHOMEMpPAxic CeimioQopie Ha 6CiX nepexpecmsx,
38imu 6y1u a0anmosawi 00 20J108HOI AOpocu ma nody-
008aHO 3eneHull Xeunenodionull epagix. Opuzinans-
Hicmp. YOocKoHaneno memooono2iio OyiHKu exono2o-
EeKOHOMIYHO20 30UMKY 8i0 6NAUBY ABMOMPAHCHOPIY
Ha MICbKY eKocucmemy, KII0UHO 3 KoeqiyieHmom iu-
oexcayii. ObOIPyHMOBAHO MEMOOUUHI OCHOBU PO3PO-
OKU KOMNIEKCYy NpUpoOOOXOPOHHUX 3aX00i68 U000
SHUICEHHSL 8NIIUBY ABMOMPAHCNOPMY HA HABKOIUUHE
cepedosuuje m. Baky. VYV cmammi 3axkniadeno ocHogy
07151 pO3POOKU KOMIIEKCY NPUPOOOOXOPOHHUX 3AX0-
ois. Ilpakmuuna yinnicme. Po3pobneno xommniexc
3ax00i8 w000 3MeHUleH s 3a0PYOHeHHs 8i0 MICbKO20
ABMOMPAHCROPMY, AKI MOJCYMb OYMU GUKOPUCTAHIT
8 Pe2iOHANbHUX A MYHIYUNATLHUX NPOSPAMAX.
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XBWISD», «HEMIKOBI» TOJWHH, Y3rO/PKEHA CHCTEMa pe-
TYJIOBaHHS
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