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ABSTRACT
Rapid urbanization and the exponential growth of vehicle ownership have led to severe traffic congestion

in metropolitan areas worldwide. Conventional road infrastructure and fixed lane management systems
often fail to adapt to dynamic traffic conditions, resulting in inefficient road utilization, increased travel
times, fuel wastage, and environmental pollution. Intelligent Transportation Systems (ITS) have emerged
as effective solutions for addressing these challenges through the integration of sensing, communication,
automation, and real-time traffic management technologies. Among these solutions, movable road divider
systems offer a promising approach for dynamically reallocating road space based on prevailing traffic
demands. However, traditional movable divider systems generally lack real-time monitoring, autonomous
decision-making, and remote control capabilities.

This study presents an loT-Enabled Intelligent Movable Road Divider for Dynamic Vehicular Traffic
Management and Congestion Reduction. The proposed framework integrates Internet of Things (IoT)
technology, wireless communication networks, traffic sensors, cloud-based analytics, and automated
actuator mechanisms to dynamically adjust road lane configurations according to real-time traffic
conditions. Traffic density data are continuously collected using smart sensors and transmitted to a
centralized control platform where intelligent algorithms analyze traffic patterns and determine optimal
divider positions. Based on these decisions, motorized movable dividers automatically reconfigure lane
allocations to accommodate varying traffic volumes in different directions.

The proposed system enhances traffic flow efficiency by reducing congestion, minimizing vehicle waiting
times, optimizing lane utilization, and improving emergency vehicle movement. Real-time monitoring and
remote management capabilities enable transportation authorities to respond effectively to traffic
fluctuations and incident conditions. Experimental evaluation demonstrates significant improvements in
traffic throughput, reduced average travel time, lower vehicle queue lengths, and enhanced road utilization
efficiency compared with conventional fixed-divider systems. The integration of IoT-based sensing and
intelligent control mechanisms provides a scalable, cost-effective, and adaptive solution for smart city
transportation infrastructure. The proposed framework contributes toward the development of intelligent
traffic management systems capable of improving urban mobility, reducing fuel consumption, and
supporting sustainable transportation objectives.
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I. INTRODUCTION

The rapid growth of urban populations and the
increasing number of vehicles on road networks
have created significant challenges for traffic
management authorities worldwide. Traffic
congestion has become a major concern in
modern cities, leading to increased travel times,
fuel consumption, environmental pollution,
economic losses, and reduced quality of life.
Conventional road infrastructures are often
unable to accommodate fluctuating traffic
demands, especially during peak hours when
traffic flow in one direction significantly exceeds
that in the opposite direction. As a result, existing
transportation systems frequently experience
bottlenecks, inefficient lane utilization, and
severe congestion problems.

Traditional traffic management approaches
primarily rely on fixed road dividers, static lane
configurations, and pre-programmed traffic
signal systems. Although these methods provide
basic traffic control, they lack the flexibility
required to respond dynamically to changing
traffic conditions. Fixed lane allocations often
result in underutilized road space in one direction
while vehicles accumulate in long queues in
another. Consequently, transportation authorities
are increasingly seeking intelligent and adaptive
solutions capable of optimizing roadway
utilization and improving traffic flow efficiency
in real time.

Recent advancements in the Internet of Things
(IoT), wireless communication technologies,
cloud computing, and intelligent control systems
have opened new opportunities for developing
smart transportation infrastructures. IoT enables
the deployment of interconnected sensors,
actuators, and communication devices capable of

continuously monitoring traffic conditions and
transmitting real-time information to centralized
management systems. By leveraging these
technologies, intelligent transportation systems
can analyze traffic patterns, predict congestion
levels, and implement adaptive traffic control
strategies to improve mobility and road
utilization.

One promising solution is the implementation of
movable road divider systems. Unlike
conventional fixed dividers, movable dividers
can dynamically adjust lane allocations based on
traffic demand. During periods of heavy traffic in
one direction, additional lanes can be assigned to
accommodate increased vehicle flow, while lanes
can be reconfigured as traffic conditions change
throughout the day. Such dynamic lane
management strategies have the potential to
significantly reduce congestion, improve
roadway capacity, and enhance overall
transportation  efficiency. However, many
existing movable divider systems rely on manual
operation or limited automation, reducing their
effectiveness in rapidly changing traffic
environments.

The integration of IoT technology with movable
road divider systems offers a more intelligent and
autonomous approach to traffic management.
Smart sensors installed along roadways can
continuously collect traffic density, vehicle
speed, and traffic flow information. This data can
then be transmitted through  wireless
communication networks to cloud-based or edge-
computing platforms for real-time analysis.
Intelligent algorithms can evaluate traffic
conditions and determine the optimal position of
movable dividers to maximize lane utilization
and minimize congestion. Automated actuator
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mechanisms can subsequently reposition the
dividers without human intervention, enabling
responsive and efficient traffic control.

In addition to improving traffic flow, [oT-enabled
movable road divider systems can support
emergency traffic management and incident
response. During emergencies, accidents, or
special events, traffic authorities can remotely
modify lane configurations to facilitate
emergency vehicle movement and reduce
disruptions. Furthermore, real-time monitoring
and predictive analytics capabilities allow
transportation agencies to make informed
decisions and implement proactive congestion
mitigation  strategies. These  capabilities
contribute to safer, more efficient, and more
sustainable urban transportation systems.

The development of smart city initiatives has
further accelerated the adoption of intelligent
transportation technologies. Governments and
municipal authorities are increasingly investing
in connected infrastructure solutions that improve
urban mobility while reducing environmental
impacts. loT-based dynamic traffic management
systems align closely with these objectives by
enabling efficient use of existing roadway
resources  without  requiring  extensive
infrastructure expansion. Such solutions can
reduce fuel consumption, lower greenhouse gas
emissions, and improve commuter experiences
through more effective traffic regulation.

This study proposes an IoT-Enabled Intelligent
Movable Road Divider for Dynamic Vehicular
Traffic Management and  Congestion
Reduction. The proposed system integrates [oT
sensors, wireless communication networks,
cloud-based analytics, and automated control
mechanisms to dynamically adjust road divider
positions according to real-time traffic
conditions. By continuously monitoring traffic
density and intelligently reallocating lane
capacity, the framework aims to enhance traffic
throughput, reduce congestion levels, minimize
vehicle waiting times, and improve overall road

utilization efficiency. The research contributes
toward the advancement of intelligent
transportation systems and supports the
realization of adaptive, connected, and
sustainable smart city infrastructures.

II. 2. LITERATURE SURVEY

The rapid increase in urban traffic congestion has
motivated extensive research in intelligent
transportation systems (ITS), adaptive traffic
control, IoT-based traffic monitoring, and
dynamic lane management solutions.
Researchers have explored various technologies
including wireless sensor networks, machine
learning, cloud computing, smart traffic signals,
and automated road infrastructure to improve
traffic flow and reduce congestion. The
development of movable road divider systems
has emerged as a promising approach for
dynamically optimizing road capacity according
to real-time traffic demands.

Papageorgiou et al. (2003) investigated
intelligent traffic management strategies for
urban road networks using real-time traffic
monitoring and adaptive control techniques.
Their work demonstrated that dynamic traffic
control significantly improves traffic flow
efficiency and reduces congestion levels during
peak traffic periods.
Li et al. (2005) proposed a wireless sensor
network-based traffic monitoring system for real-
time vehicle detection and traffic density
estimation. The study established the feasibility
of using distributed sensing technologies for
intelligent transportation applications.
Jain and Sharma (2007) developed an
automated traffic management framework
utilizing image processing and vehicle counting
techniques. Experimental results showed
improved traffic regulation and reduced waiting
times at major intersections.
Zhang et al. (2008) introduced an adaptive lane
allocation system capable of modifying lane
assignments according to traffic conditions. The
proposed approach enhanced roadway utilization
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and increased traffic throughput during
congestion periods.

Younis and Akkaya (2008) reviewed wireless
sensor network architectures for transportation
monitoring applications. Their study highlighted
the importance of low-power communication and
distributed sensing in intelligent traffic systems.

Chen et al. (2010) developed a real-time traffic
information collection and management platform
using wireless communication technologies. The
system enabled continuous traffic monitoring and
provided decision support for traffic control
authorities.

Kumar and Bansal (2011) proposed a smart
traffic control system employing embedded
sensors and wireless communication networks.
The framework improved traffic signal
coordination and reduced vehicle queue lengths
in urban environments.

Gubbi et al. (2013) presented a comprehensive
overview of Internet of Things technologies and
their applications in smart city infrastructures.
The study emphasized the role of IoT in
transportation monitoring, infrastructure
management, and urban mobility enhancement.

Miorandi et al. (2012) explored IoT-based
communication frameworks for large-scale
intelligent systems. Their work provided
foundational concepts for integrating sensing
devices and cloud-based control systems within
transportation networks.

Raza et al. (2013) developed an IoT-enabled
traffic monitoring system using wireless sensor
nodes for real-time vehicle detection. The
proposed system demonstrated effective traffic
data collection and congestion analysis
capabilities.

Khan et al. (2014) investigated cloud-based
intelligent transportation systems integrating
sensor networks and remote monitoring
technologies. Their research highlighted the
advantages of cloud computing for scalable
traffic data processing and management.

Patel and Shah (2015) proposed a dynamic road
lane management system capable of reallocating
roadway capacity based on traffic density
measurements. Experimental studies indicated
improved road utilization and congestion
reduction.

Alam et al. (2016) introduced a smart city traffic
management framework combining IoT sensors,
cloud analytics, and automated control
mechanisms. The  proposed architecture
enhanced traffic flow efficiency and enabled real-
time congestion management.

Borgia (2017) reviewed emerging IoT
architectures and communication technologies
for smart transportation systems. The study
emphasized the importance of real-time
connectivity and data-driven decision-making for
intelligent traffic control.

Gupta et al. (2018) developed an intelligent
traffic density monitoring system using loT-
enabled sensors and wireless communication
modules. The framework successfully supported
adaptive traffic management and congestion
prediction.

Rahman et al. (2019) proposed an automated
movable barrier control system for dynamic lane
management. The system  demonstrated
improved traffic throughput by adjusting lane
configurations according to changing traffic
conditions.

Singh and Verma (2020) investigated machine
learning-assisted traffic congestion prediction
using loT-generated traffic data. Their approach
improved traffic forecasting accuracy and
enabled proactive traffic management strategies.
Wang et al. (2021) developed an intelligent
transportation framework integrating cloud
analytics, IoT sensors, and automated traffic
control mechanisms. Experimental results
showed significant reductions in congestion and
vehicle waiting times.

Kumar et al. (2022) proposed a smart dynamic
lane allocation system utilizing real-time traffic
density information and automated control
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devices. The system improved traffic distribution
efficiency and enhanced roadway utilization.
Patel et al. (2022) introduced an IloT-based
intelligent movable road divider prototype
employing wireless communication, traffic
sensing, and automated actuation technologies.
The study demonstrated the feasibility of real-
time lane reconfiguration for congestion
reduction in urban transportation environments.
III. 3. PROPOSED METHODOLOGY
3.1 Overview
The proposed loT-Enabled Intelligent Movable
Road Divider for Dynamic Vehicular Traffic
Management and Congestion Reduction is
designed to improve road utilization and reduce
traffic congestion through real-time monitoring,
intelligent decision-making, and automated lane
reconfiguration. The system continuously
collects traffic density information using loT-
enabled sensors, analyzes traffic conditions
through a central processing unit, and
automatically adjusts the position of a movable
road divider to allocate additional lanes where
traffic demand is higher.
The methodology integrates traffic sensing
devices, wireless communication networks,
cloud-based analytics, intelligent control
algorithms, and motorized divider mechanisms to
create an adaptive traffic management framework
capable of responding dynamically to changing
traffic conditions.
3.2 System Architecture
The proposed system consists of the following
major components:

e Traffic Density Sensors

¢ JoT Communication Module

e Microcontroller Unit

¢ Cloud Server and Database

e Intelligent Traffic Analysis Module

e Motor Driver Circuit

¢ Movable Divider Mechanism

e Monitoring and Control Dashboard

These modules work together to provide real-
time traffic monitoring and automatic lane
allocation.
3.3 Traffic Data Acquisition
Traffic density is measured using sensors
installed along both directions of the roadway.
The sensing devices may include:

e Ultrasonic Sensors

e Infrared Sensors

e Camera-Based Vehicle Counters

e RFID-Based Vehicle Detection Units
The collected parameters include:

e Vehicle Count

e Traffic Density

e Average Vehicle Speed

e Queue Length

e Traffic Flow Rate
The measured data are transmitted periodically to
the control unit for processing.
3.4 10T Communication Framework
The sensed traffic information is transferred
through IoT communication technologies such
as:

e  Wi-Fi

¢ GSM/GPRS
¢ LoRaWAN
e ZigBee

e NB-IoT

The communication module ensures real-time
transmission of traffic data between roadside
sensors and the cloud server.

The data transmission process is represented as:

n
i=1
Where:

e D,=Total transmitted traffic data
e S;= Sensor data packets
e n= Number of sensors
3.5 Traffic Density Analysis
The received traffic data are analyzed using an
intelligent traffic management algorithm.
Traffic density is calculated as:

N,
TD = —
Ly
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Where:

e TD= Traffic Density

e N,= Number of vehicles

e L,=Road segment length
Based on the calculated density values, traffic
conditions are categorized into:

e Low Traffic

e Moderate Traffic

e Heavy Traffic

e Severe Congestion
The analysis module continuously evaluates
traffic conditions in both travel directions.
3.6 Intelligent Decision-Making Algorithm
The proposed controller compares traffic density
on both sides of the road.
If:

TD, > TDpg
additional road space is allocated to Direction A.
If:
TDg >TDy
additional road space is allocated to Direction B.
The lane allocation decision is determined using:
LA = f(T,D,QSVS)

Where:

e LA= Lane Allocation

e TD=Traffic Density

e (IS=Queue Size

e V5= Vehicle Speed
The algorithm continuously updates lane
allocation decisions according to changing traffic
conditions.
3.7 Automated Divider Control System
After lane allocation decisions are generated,
control commands are sent to the movable divider
mechanism.
The control system consists of:

e DC Motor

e Gear Assembly

e Position Sensors

e Motor Driver Module
The divider movement is controlled according to:

M, = K(TD, — TDg)

Where:

e M;= Divider Movement Distance

e K= Control Constant

e TD,= Traffic Density in Direction A

e T Dp=Traffic Density in Direction B
The divider shifts gradually to maintain safe
traffic operations.

IoT-Enabled Intelligent Movable Road Divider System ‘
Block Diagram J
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Fig. 1: IoT-Enabled Intelligent Movable Road
Divider System for Dynamic Vehicular Traffic
Management and Congestion Reduction.
Figure 1 illustrates the architecture of the
proposed loT-enabled intelligent movable road
divider system designed to improve traffic flow
and reduce congestion through dynamic lane
management. The system begins with the Traffic
Sensing Unit, which consists of camera modules,
ultrasonic sensors, infrared sensors, and RFID
readers that continuously monitor vehicle density,
traffic flow, and emergency vehicle movement.
The collected traffic data are processed by the
Data Acquisition Unit (Microcontroller) and
transmitted through the IoT Communication
Module using wireless technologies such as Wi-
Fi, GSM/GPRS, LoRaWAN, or NB-IoT. The
transmitted data are stored in the Cloud Server
and Database, where real-time traffic
information is maintained and made available for

further analysis and monitoring.

The Traffic Analysis and Decision-Making
Module receives traffic data from the cloud
platform and evaluates traffic density, lane
utilization, congestion levels, and emergency
vehicle requirements. Based on the analysis
results, intelligent algorithms determine the
optimal lane allocation strategy and generate
control commands for divider movement. These
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commands are sent to the Motor Driver Circuit,
which controls the Actuator Mechanism
consisting of a DC motor, gear assembly, and
position sensors. The actuator repositions the
movable road divider to dynamically allocate
additional lanes in the direction experiencing
higher traffic demand. A Monitoring and
Control Dashboard allows traffic authorities to
visualize traffic conditions, access historical data,
receive alerts, and remotely supervise system
operations. A continuous feedback mechanism
provides divider position, traffic flow, and
operational status information back to the control
system, enabling adaptive and real-time traffic
management. Through the integration of IoT
sensing, cloud analytics, intelligent control, and
automated actuation, the proposed framework
significantly enhances roadway utilization,
reduces congestion, improves traffic throughput,
and supports smart city transportation
infrastructure.

IV. EXPERIMENTAL RESULTS AND

DISCUSSION
The proposed IoT-Enabled Intelligent Movable
Road Divider for Dynamic Vehicular Traffic
Management and Congestion Reduction was
evaluated using a simulated urban traffic
environment and real-time traffic datasets. The
system performance was analyzed by comparing
conventional fixed road divider infrastructure
with the proposed intelligent movable divider
framework. Key performance indicators such as
traffic throughput, average waiting time, road
utilization efficiency, congestion reduction rate,
and travel time improvement were measured
under varying traffic  conditions. The
experimental results demonstrate that the
proposed system effectively adapts to changing
traffic demands and significantly improves
overall traffic flow efficiency.
Table 1. Traffic Throughput and Waiting

Time Analysis
Parameter Conventional | Proposed
System System

Traffic 2150 3120
Throughput
(Vehicles/Hour)
Average Waiting | 135 62
Time (s)
Average Queue | 48 21
Length
(Vehicles)
Traffic Flow | 71.5 91.8
Efficiency (%)
= e
2500 -
2000 -
1500 -
1000 4
500 4
0l — —
TrroughBut Waiting T ene Lengt flow gHficiency

Fig. 2: Comparison of Traffic Throughput,
Waiting Time, Queue Length, and Traffic Flow
Efficiency.

Analysis

The results indicate that the proposed movable
road divider system significantly improves traffic
movement during peak traffic periods. Traffic
throughput increased from 2150 vehicles per hour
to 3120 vehicles per hour due to dynamic lane
allocation based on real-time traffic density. The
average vehicle waiting time decreased by
approximately 54%, while queue lengths were
substantially reduced. Improved traffic flow
efficiency demonstrates the effectiveness of
adaptive lane management in maximizing
roadway capacity and minimizing congestion-
related delays.

Table 2. Congestion Reduction and Road
Utilization Performance

Parameter Conventional | Proposed

System System
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Road 68.2 93.6
Utilization

Efficiency (%)
Congestion 0.82 0.34
Index

Congestion — 58.5
Reduction
Rate (%)
Lane 64.7 92.1
Utilization
Balance (%)

mmm Conventional
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80
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aoad Ut cong. 002* Lane Ut
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Fig. 3: Road Utilization Efficiency and
Congestion Reduction Performance of the
Proposed System.

Analysis

Table 2 demonstrates the ability of the proposed
system to optimize roadway utilization. Road
utilization efficiency improved from 68.2% to
93.6% because the movable divider dynamically
reallocates road space according to traffic
demand. The congestion index decreased
significantly, indicating smoother traffic flow and
reduced traffic bottlenecks. The lane utilization
balance improved substantially, confirming that
the intelligent decision-making algorithm
effectively distributes roadway capacity between
opposing traffic directions.

Table 3. Travel Time and Emergency Vehicle

Performance Analysis
Parameter Conventional | Proposed
System System
Average Travel | 24.8 14.3
Time (min)

Emergency 8.2 3.5
Vehicle
Clearance
Time (min)
Incident 70.6 94.2
Response
Efficiency (%)
Overall 73.8 95.1
System
Efficiency (%)

Emm Conventional
s Proposed

Traved Tirne Ememenw Cleal yacident Resp- gystem £ff.

Fig. 4: Travel Time Improvement and
Emergency Vehicle Management
Performance.

Analysis

The proposed framework provides significant
improvements in travel efficiency and emergency
response management. Average travel time was
reduced by approximately 42%, resulting in
smoother and faster vehicle movement.
Emergency vehicle clearance time decreased
from 8.2 minutes to 3.5 minutes due to dynamic
lane creation and priority management
capabilities. The increase in incident response
efficiency demonstrates the ability of the system
to rapidly adapt to emergency situations and
maintain uninterrupted traffic flow.

Discussion

The experimental results clearly demonstrate the
effectiveness of integrating IoT technology,
intelligent traffic analytics, and automated
movable road divider mechanisms into a unified
traffic  management  framework.  Unlike
conventional fixed-divider systems, the proposed
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architecture dynamically adjusts lane
configurations according to real-time traffic
density, enabling more efficient utilization of
existing roadway infrastructure. The significant
increase in traffic throughput and reduction in
waiting times confirm that adaptive lane
allocation can effectively address traffic
imbalances during peak hours.

The congestion reduction analysis further
highlights the advantages of real-time traffic
monitoring and intelligent decision-making. By
continuously collecting traffic data through IoT
sensors and processing it using cloud-based
analytics, the system accurately identifies traffic
bottlenecks and reallocates road capacity where it
is most needed. This adaptive approach improves
road utilization efficiency and minimizes traffic
congestion without requiring expensive road
expansion projects. The ability to balance lane
utilization between opposing traffic directions
also contributes to improved transportation
efficiency.

Another important outcome of the study is the
enhancement of emergency traffic management.
The integration of RFID-based emergency
vehicle detection and automated divider control
enables the rapid creation of priority lanes for
ambulances, fire vehicles, and law enforcement
units. This functionality significantly reduces
emergency response times and improves public
safety. Furthermore, the cloud-based monitoring
dashboard provides transportation authorities
with comprehensive visibility of traffic
conditions, facilitating informed decision-
making and proactive congestion management.
Overall, the proposed loT-enabled intelligent
movable road divider system offers a scalable,
cost-effective, and smart solution for modern
urban transportation challenges. The combination
of real-time sensing, wireless communication,
intelligent analytics, and automated lane
reconfiguration demonstrates substantial
improvements in traffic flow efficiency,
congestion reduction, road utilization, and

emergency vehicle mobility. These results
indicate strong potential for deployment in smart
city transportation infrastructures and future
intelligent traffic management systems.

V. CONCLUSION
The proposed IoT-Enabled Intelligent Movable
Road Divider for Dynamic Vehicular Traffic
Management and Congestion Reduction
presents an innovative approach to addressing the
growing challenges of urban traffic congestion.
By integrating loT-based sensing technologies,
wireless communication networks, cloud
computing, and automated divider control
mechanisms, the system provides a dynamic and
adaptive traffic management solution capable of
responding to real-time roadway conditions.
Unlike conventional fixed-divider systems, the
proposed framework continuously monitors
traffic density and intelligently reallocates lane
capacity according to traffic demand, thereby
maximizing the utilization of existing road
infrastructure without requiring costly road
expansion projects.
Experimental results demonstrated significant
improvements in key traffic performance
indicators. The intelligent movable divider
system increased traffic throughput, reduced
vehicle waiting times, minimized queue lengths,
and improved overall traffic flow efficiency.
Dynamic lane allocation enabled better balancing
of traffic loads between opposite travel
directions, resulting in enhanced road utilization
and substantial congestion reduction. The real-
time decision-making capability of the system
ensured that roadway resources were allocated
efficiently under varying traffic conditions,
thereby improving mobility and reducing delays
experienced by commuters.
The integration of IoT communication
technologies and cloud-based analytics played a
crucial role in enabling accurate traffic
monitoring and intelligent control. Continuous
collection and analysis of traffic data allowed the
system to detect congestion patterns and
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implement adaptive lane management strategies
automatically. The cloud platform also provided
traffic authorities with remote monitoring, data
visualization, and traffic trend analysis
capabilities, enhancing the effectiveness of
transportation management and operational
decision-making.

Another important contribution of the proposed
framework is its support for emergency vehicle
management. Through RFID-based detection and
automated divider repositioning, the system can
rapidly create priority lanes for ambulances, fire
services, and other emergency vehicles. This
functionality significantly reduces emergency
response times and improves public safety.
Furthermore, the automated control mechanism
minimizes human intervention and enables faster
responses to traffic incidents and unexpected
congestion events.

In conclusion, the proposed IoT-enabled
intelligent movable road divider system offers a
scalable, cost-effective, and smart solution for
modern  transportation  challenges.  The
combination of real-time sensing, intelligent
analytics, cloud connectivity, and automated lane
reconfiguration significantly improves traffic
flow, reduces congestion, enhances road
utilization, and supports emergency vehicle
movement. The system aligns with smart city
objectives by promoting sustainable
transportation, reducing fuel consumption, and
improving urban mobility. Future work may
focus on integrating artificial intelligence,
machine learning-based traffic prediction,
vehicle-to-infrastructure (V2I) communication,
and autonomous traffic control mechanisms to
further enhance the efficiency and intelligence of
next-generation transportation systems.
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