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COBPEMEHHBIE IOAXO/Abl U TEOPETUYECKHUE OCHOBbI
CBETO®OPHOI'O YIIPABJIEHUS ITPU PETI'YJIMPOBAHUUN
TPAHCIIOPTHBIX ITIOTOKOB

U.I" Axbapos, 0ok. ¢un. no mex. Hayk, OoyeHm,

/[.P.Xonoapos, macucmpanm

Hamaneanckuti 2ocyoapcmeentblil mexHuyecKull YHUugepcumem

AnHOTanMs. B JaHHONW cTaThe aHAIM3UPYIOTCS HAy4YHbBIE OCHOBBI, STallbl

pa3BUTHUSL U COBPEMEHHbIE MOJXO]IbI CBETO()OPHOTrO pEryIMpoBaHMs B OpraHU3aluu

JOPOXKHOTO ABMKEHUA. PaccmarpuBaeTcst poiib CBETO(OPHBIX CUCTEM B YIPABICHUU

TPAaHCHOPTHBIMU TOTOKAMH, CHI)KEHHH 3aTOPOB M OOECIEeYeHUH Oe30IacHOCTH

JOPOXKHOTO  JBMKEHHs. Takke M3y4yaeTcsl BHEIPEHHE HHTEIUIEKTyallbHbIX

TPAHCHOPTHBIX CUCTEM M TEXHOJOTMH aJaliTUBHOIO YMPAaBIECHUS CBETO(OpPAMH.

Pe3ynbpraThl MccaeAOBaHMS IOKA3bIBAIOT, YTO ONTUMU3AlMSA (a3 cBETO(OPHOIo

PETYJIMpPOBaHUSI U TPUMEHEHHUE COBPEMEHHBIX CHCTEM YIIpaBJICHUS 3HAYUTEIHHO
MOBBIMAIOT 3PPEKTUBHOCTh TPAHCIIOPTHOTO JBUKEHUS.

KiroueBble cjioBa. ceemogopnoe pez2ynruposanue, mpaHCnOpmHbulL NOMOK,

UHMeNNeKMY albHble MPAHCHOPMHblE CUCEMbl, A0aNMUeHoe YNpaesiieHue, 3amopbl,

bezonacnocmuv 00podicho2o osudxcenus, PTV VISSIM, nponycknas cnocoonocme.
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Abstract. This article analyzes the scientific foundations, development stages,
and modern approaches of traffic signal control in road traffic management. The role
of traffic signal systems in regulating traffic flow, reducing congestion, and ensuring
road safety is discussed. The study also examines the implementation of intelligent

transport systems and adaptive traffic signal control technologies. The results indicate
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that optimizing signal phases and applying modern control systems significantly
improve overall traffic efficiency.

Keywords. traffic signal control, traffic flow, intelligent transport systems,
adaptive signal control, congestion, road safety, PTV VISSIM, capacity.

Introduction. Traffic signal control is considered one of the most important
tools in the organization and management of road traffic. Traffic lights ensure the
safe and conflict-free movement of vehicles traveling in different directions, as well
as pedestrians crossing roadways. They regulate the sequence and priority of traffic
participants by allocating specific time intervals for each traffic flow, thereby
enabling orderly movement through intersections. As a result, overall traffic is better
organized, while congestion levels and the number of road traffic accidents are
significantly reduced.

Traffic signal systems have been used in global practice for more than a century,
and their importance continues to grow in modern urban transport systems due to
increasing traffic volumes and the complexity of road networks.

The Main Part. The scientific foundations of traffic signal control are aimed at
the effective regulation of traffic flows, minimizing delays, and improving road
traffic safety. Early theoretical approaches emphasized the need to divide traffic
signals into cycles and phases, as well as to determine optimal time allocations for
each movement direction based on scientific principles. This approach ensures a
balanced distribution of traffic flows and helps reduce conflict situations at
intersections.

In this process, the accurate assessment of key traffic flow parameters plays a
crucial role. In particular, flow intensity, vehicle speed, traffic composition (share of
passenger cars, freight transport, and public transport), and roadway capacity are
considered fundamental indicators. For example, the maximum number of vehicles
that can pass continuously through a single lane within a unit of time is defined as the
“saturation flow,” typically assumed to be in the range of 1800-2000 vehicles per

hour.
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In addition, the efficiency of the traffic signal cycle is evaluated by accounting
for lost time, including stopping delays during red-to-green transitions and the time
required for vehicles to restart and resume movement. These losses significantly
affect overall intersection delay.

Therefore, a scientifically justified signal cycle and optimal phase distribution
play a crucial role in ensuring traffic flow continuity, reducing queues at
intersections, and improving overall traffic efficiency.

Scientific Research.

In the modern stage of traffic signal control development, intelligent transport
systems (ITS) play a crucial role. Currently, adaptive systems are being developed
that measure traffic flow in real time and automatically manage traffic signal phases.

In such systems, signal cycles are dynamically adjusted based on data collected
through sensors and cameras. Simulation tools such as PTV VISSIM provide the
opportunity to scientifically analyze these processes.

In addition, through centralized traffic management systems (ATMS),
intersections are coordinated with each other, ensuring uninterrupted traffic flow

along main roads.

Intelligent Traffic Signal Control System (ITS)

Architecture and Operational Flow
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Fig.1. Adaptive Traffic Signal Control within Intelligent Transport Systems (ITS):
Data Flow and System Architecture
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In Uzbekistan as well, efforts are being made to modernize traffic signal
systems. In Tashkent, traffic lights are remotely controlled and optimized in real time
through the automated “Traffic Management Center.” In Namangan city, modern,
energy-efficient, and safety-enhancing innovative traffic signals have also been
implemented.

Results. The analysis and simulation results demonstrate that traffic signal
control strategies significantly influence traffic performance indicators such as delay,
queue length, and intersection capacity. The study compared three control scenarios:
static control (S1), actuated control (S2), and adaptive ITS-based control (S3).

Table 1. Comparison of traffic performance indicators under different control

scenarios
Scenario Average | Average Queue Capacity Level of
Delay (s) Length (m) Utilization (%) Service
(LOS)
S1 — Static 78 210 62 E
control
S2 — Actuated 61 160 74 D
control
S3 — Adaptive 52 110 85 C
ITS control

The results clearly indicate that adaptive traffic signal control (S3) provides the
best performance among the tested scenarios. Compared to static control, average

delay decreased by approximately 33.3%, while intersection capacity utilization

increased by 23%.
Table 2. VISSIM simulation output for traffic performance indicators:
Indicator S1 (Fixed- | S2 (Actuated) | S3 (Adaptive ITS)
time)
Average delay (s/veh) 78.4 61.2 52.1
Average queue length | 212 158 112
(m)
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Average speed (km/h) 18.5 223 26.8
Throughput (veh/h) 1680 1920 2145
Level of Service (LOS) E D C

The simulation results indicate a clear improvement in traffic performance under

adaptive signal control. Compared to fixed-time control (S1), the adaptive system
(S3) reduced average vehicle delay by approximately 33.5% and queue length by
47.2%. At the same time, throughput increased by about 27.7%, demonstrating higher
intersection efficiency.

Conclusion. Traffic signal control is one of the key elements of modern urban
transport systems, playing a crucial role in ensuring safety and regulating traffic flow.

Improperly designed signal cycles lead to increased congestion and delays,
whereas optimized phase design improves intersection capacity.

Adaptive systems and ITS technologies enhance flow stability and reduce delays
through real-time control. The implementation of ATMS and the ‘“green wave”
concept ensures smoother traffic flow and environmental benefits.

In conclusion, the modernization of traffic signal systems and the widespread
implementation of adaptive algorithms are essential for the sustainable development
of urban transport infrastructure. In the future, the integration of Al and Big Data
technologies will further increase system efficiency.
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