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Abstract: Determination of traffic light throughput at busy intersections. Traffic
flow calculations were carried out based on road safety, comfort, reliability and other
indicators.Some recommendations were made to improve the quality of the full
digitalization of the traffic management system by improving road infrastructure and
creating safe traffic conditions.
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Coordinated control achieves the efficiency of coordinated operation of a
number of traffic light devices to reduce vehicle downtime.

The coordination principle is that the green signal at the next intersection is
turned on with a certain time shift relative to the previous intersection. This shift time
depends on the time of movement of vehicles between intersections. As a result,
vehicles along the highway (or the direction of movement), according to the route
plan, reach each subsequent intersection exactly when the green signal is turned on in
this direction. This reduces the number of unjustified stops and braking, as well as the
level of traffic delays.

The ability to coordinate the operation of traffic light devices in this way led to
the fact that this control method was called the “green wave” at the time. This term is
still widely used in domestic and foreign practice.

The introduction of advanced methods of traffic flow management allows us to
achieve the greatest efficiency in the shortest possible time and maximize the potential
of the city's road network in the current conditions.

In this regard, the President of the Republic of Uzbekistan has announced the
2022-
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The Development Strategy of New Uzbekistan for 2026 sets out the tasks of
“reducing road accidents and fatalities by improving road infrastructure and creating
safe traffic conditions, including fully digitizing the traffic management system and
ensuring broad public participation in this area” [1].

To organize coordinated management, the following conditions must be met:

v There must be at least two traffic lanes in each direction;

v The control cycle must be the same at all intersections included in the
coordination system;

v' The distance between adjacent intersections should not exceed 800 meters.

The same cycle at all intersections ensures the maintenance of the required
frequency of signal exchange and the calculated phase shift that allows movement
along the coordination direction [2-3].

The limitation of the distance between intersections is associated with the
process of group formation in the traffic flow. A group of cars is formed when a queue
of cars waiting for a traffic light signal disperses. After the intersection, at the
beginning of the road, the density of such a group is close to the saturated flow. Then,
the group breaks up during the movement due to the different speeds of the vehicles in
it. The difference in speeds is due to the influence of the structural diversity of the
traffic flow and the personal characteristics of the drivers. Fast cars tend to be at the
front of the group, and slow cars tend to be at the back or behind it. This process
intensifies as the group moves away from the previous intersection, the group's travel
time increases, and its average density decreases. Figure 1.1 shows a typical example
of the dispersion of a group of cars. The horizontal axis shows time T, and the vertical
axis shows the average number of cars on a street section located at a certain distance
from the stop line in the direction of traffic [4-6].

Observations show that at a distance of 600 meters from the intersection, the
length of the group in time more than doubles.

- The dispersion of the group occurs due to the different speeds of the cars
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- As the distance increases, the shape of the group stretches and its density
decreases

- This process has a significant impact on the efficiency of the "green wave"

- Changes observed at a distance of 600 meters are important for understanding
traffic flow dynamics [7].

An attempt was made to translate in a scientific manner, clearly and intelligibly.
The terminology of the transport sector was observed, while the text was adapted to
the speech rules of the Uzbek language. As a result of numerous observations, it was
found that a group of cars completely disperses at distances of more than 800-1000
meters. The arrival of cars at an intersection located at a distance of more than this
distance from the previous intersection is random, and the flow connection between
neighboring intersections is interrupted.

The process of the distribution of the flow of cars from the intersection
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Figure 1 The process of dispersal of the flow of cars through the intersection
Numerous observations have shown that a group of cars completely disperses at
distances of more than 800-1000 meters. The arrival of cars at an intersection located
further from the previous intersection is random, and the flow connection between
neighboring intersections is interrupted.
The following factors influence the dynamics of this process:

1. Structure of the transport flow
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2. Individual characteristics of drivers

3. Number of lanes in the direction of traffic

4. Intensity of movement

5. Availability of public transport stops

6. Important places for pedestrians, etc.

To quantitatively assess the dispersion of a group of cars, an empirical formula
was proposed by Russian scientists as a result of processing a large amount of

experimental data.

0,008
t. =t *e"% *¢,
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here is the tx — the length of time (minutes) of the flow of cars at a section
located at a distance x from the intersection.

tr — the amount of time it takes for a flow of cars to exit the intersection
(minutes).

td — the amount of time (minutes) for the flow of cars to reach the next
intersection from one intersection.

time duration — the total time it takes for a stream of cars to pass a given point
(for example, if 10 cars pass in 2 seconds, the group length is 2 seconds).

The movement of traffic flows in groups is important in a coordinated control
system. As the distance between intersections decreases, the probability of the group
of vehicles breaking up decreases, and thus the time required to pass through the next
intersection decreases. If the length of the group increases during the process of
breaking up, then it is necessary to extend the green signal at the next intersection
(which limits the rights of the opposing direction) or to pass only part of the group and
stop the moving vehicles. Vehicles stopped at the stop line due to a red light at a
traffic light can pass through the intersection only in the next cycle (together with the
next group) [8].

A coordinated control method is also used, but the first method (extending the

green signal) is used only to a limited extent to clear the stopped part of the previous
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group. This ensures that the main part of the next group does not interfere with the
unstoppable passage [9-11].

When the distance between intersections exceeds 800 meters, the group
completely disperses and the number of stopped vehicles increases sharply. As a
result, the efficiency of coordinated control decreases significantly.

Computational and graph-analytical methods of coordination programs are
widespread due to their simplicity, but due to the high labor intensity of the calculation
and graphic operations, they are considered effective when there are a relatively small
number of traffic light objects. The essence of the method is to construct a road-time
graph, which is executed in a rectangular coordinate system, if possible, on millimeter
paper. The scale is chosen arbitrarily and depends on the length of the highway and
the number of traffic light objects. On the horizontal axis, time is indicated in seconds,
and on the vertical axis, the distance is indicated in meters.

The intersection with the largest cycle duration is considered the busiest
intersection and is called the key intersection. Since the cycle duration should be the
same at all intersections under coordinated control, the key intersection cycle is taken
as the calculation cycle. Thus, the optimal control cycle occurs only at the key
intersection, and at the other intersections this cycle is considered redundant.

It should be noted that in multi-program coordinated control, different
intersections may be key for different times of the day. Accordingly, the
computational cycle duration and computational speed may also differ for different
programs [12].

After a single calculation cycle is determined for the highway, the durations of
the main cycles for each intersection are determined in accordance with this cycle.

In the graph representation, a simplified plan of the highway is drawn to the left
of the vertical axis (with the distances between intersections and the regulation modes
indicated). Lines parallel to the horizontal axis are drawn through the intersection
boundaries. For key intersections, cycle parameters are placed from left to right on the

horizontal axis.
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The left border represents the first vehicle movement in the group, and the right

border represents the last vehicle movement in the group (Figure 2).

Ln

Figure 2 — Coordinated control graph.

As the cycle duration increases, the duration of the main cycles also changes
proportionally. For each intersection, the duration of the main cycles and the phase
shifts in the main direction are determined. The process of constructing the
coordination graph is completed by constructing continuous motion tapes in both
directions.

On the left, the sequence of traffic light signals along the highway: green —
yellow — red — the duration of the red and yellow signals, s, is shown in a repeating
sequence along the highway, observing the horizontal scale.

From the beginning of the green signals and to the right at a distance of T =
(0.4 = 0.5) Tc, oblique lines are drawn relative to the horizontal. The tangent of the
angle of deviation of these lines corresponds to the calculated speed and is calculated

by the following formula:

4

here: "# — calculated speed for coordination, km/h;

Mvm

time scale, s/cm;
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M., __ distance scale, m/cm.

The tn indicator determines the width of the interval, which is called the time band. If
the car's traffic graph is located inside this band, it is guaranteed to move without
stopping. For the opposite direction, the time band is also taken with the same width,
but it has the opposite deviation, and this deviation is determined by the formula for
the calculated speed of this direction [13].

The effectiveness of coordinated management is usually assessed after the
system is implemented. The main indicator is the degree of reduction in the time taken
by a vehicle to travel from the starting point to the end point on the highway where the
coordination system is implemented. According to numerous observations, travel time
is usually reduced by 15-20%.

The relative width of the timing belt (recall that its minimum width should not
be less than 0.3Tm) and the coefficient of non-stop passage can also be taken as

efficiency indicators.
B=(N-2)/N,

Here:

N — traffic intensity passing through the intersection on this route of the
highway, vehicles/hour,

NO — the number of vehicles stopped at this intersection in this direction, per
hour.

The B coefficient is determined at each intersection, in both the forward and
reverse directions, by natural observation. It is also possible to determine the average
value of the B coefficient for the entire highway.

Coordinated control is considered effective if B > 0.8. This means that 80% of
vehicles passing through the intersection pass without stopping.

Cnucok jureparypbl
1. Vka3 Ilpesunenra PecyOmmku Y36ekuctan ot 28.01.2022 Ne IMTI-60 «O

Crparerun pazsutust HoBoro V36ekucrana na 2022-2026 romsi».

"Ixkonomuka u comuym' Nell(138) 2025 www.iupr.ru



2. XautoB Y. OCHOBBI yIIpaBJieHUsI aBTOMOOWIIIMA M 0€30MaCHOCTb JIBUXKEHHUS.
— Tamxkent: Y30ekucran, 2001. — 220 c.

3. 3akon PecnyOnuku Y36ekucrtan «O 0€30MacHOCTU JTOPOKHOTO JTBUKECHUSD)
ot 19 aBrycra 1999 r.

4. CammocynoB M. b., Xwmupo VY. X., Mamupo VY. X. Teopus
COBEpIIICHCTBOBAHUSI MapUIPYTHOW CXEMbl MACCAKUPCKOTO TPAHCIOPTa B
KpyIHBIX ropojax // DxoHoMmuka u comuym. — 2023. — Ne 6-1 (109). — C.
992-997.

5. Xabubymnaesuu X. Y. b. IIpumeHnenne uHjaekca BpEMEHU MEPEIBHKEHUS B
oOmiecTBeHHOM TpaHcnopte // CTpouTenbcTBO U oOpazoBanue. — 2024, — Ne
3. - C. 244-247.

6. MamupoB VY. X., CammtocynoB M. b., 3okupoB M. O. Merononorus
TIOBBIIICHUS TIPOITYCKHOM CIOCOOHOCTH TIEpEeKpecTKa (Ha mpuMepe ropoja
Hamanran) // Dxonomuka u couuym. — 2023. — Ne 5-2 (108). — C. 193-206.

7. CammrocynoB M. b., XumaupoB VY. X., Mamupor Y. X. Merononorus
COBEPIIICHCTBOBAHMS CXEMbI MapIIPYTOB MACCAKUPONEPEBO30K B KPYMHBIX
ropoaax // Mexanuka u TexHojorus. — 2023. — Ne 1 (4), CreuBsinyck. — C.
117-121.

8. AwzamboeB M., XumupoB VY., ArtaxanoB X. Pa3paboTka omepaTHBHBIX
MEPOTIPUATHIA IO CHWKEHUIO (PUHAHCOBBIX PACXOJOB Ha MaTepHAIIbHBIE
pecypchl // OxkoHomuka u coruym. — 2019, — Ne 6 (61).

9. Xuaunpos C. Mcnonp30BaHue METOJIOB aHAIHM3a HAICKHOCTH, TOCTYITHOCTH U
YCTOMYMBOCTH B YIPABICHUHU KEIE3HOAOPOKHOW HHPPACTPYKTypoil. —
2019.

10.Xumupor VY., TyprynoB 3., AoaycarrapoB XK. Kpurepum obGecrneueHus
yaoOCTBa  JBWKEHUS HAa  TOPOJACKMX  YIWIAX ©  METOAbl WX

coBepiieHcTBoBanus // Hayka, uccnenoBanus u pazsurue. — 2024. — T. 2, No

6. — C. 39-42.

"Ixkonomuka u comuym' Nell(138) 2025 www.iupr.ru



11.TyxTtaboeB M. A., MamupoB VY. X. [loBblllIeHHE PETYJISIPHOCTH JBHXKCHUS
npu aBTOMOOWJIBHBIX TI€pEeBO3Kax B ropojae (Ha mpuMepe Tropoja
Hamanran) // Mexanuka u Texaomnorus. — 2022. — Cnengoinyck 1. — C. 101—
108.

12.KapumoBa C., XugupoB VY. OCHOBbl M HIPHUHIMIBI PEryJUPOBaHUS U
KOOpJMHAIMK O€30MaCHOCTH JIBHXKEHHSI B TpaHCTIOPTHOM miporiecce // Hayxka,
uccnenoBanus u pazgurue. — 2025. — T. 2, Ne 10. — C. 35-39.

13.AraxanoB X., XugupoB VY., MupcaunoB b. VYmepd or mgopoxHO-
TpPaHCIIOPTHBIX NpouciiecTBuit // Hayka, nccinenoBanus u pasutue. — 2024.

—T.4,Ne 8. - C.26-31.

"Ixkonomuka u comuym' Nell(138) 2025 www.iupr.ru



