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Graphical Abstract Abstract
Traffic congestion has become a critical issue in urban areas worldwide, leading to
increased accidents and delays for emergency vehicles. This paper proposes a solution
S utilizing loT-enabled technology to alleviate these challenges by implementing "Green
Corridors" for emergency vehicles. By leveraging Intelligent Traffic Management
Systems (ITMS), which integrate sensors, cameras, and data analysis, this research aims
to evaluate the effectiveness of such systems in reducing congestion and improving
road safety. A comprehensive evaluation framework will be employed to analyze the
impact of ITMS implementation on traffic flow patterns and safety outcomes. The
system utilizes UWB technology to identify emergency vehicles, triggering traffic lights
to switch to green and notifying nearby vehicles to clear lanes, facilitating unimpeded
passage for emergency services. This integrated approach addresses the dual
challenges of traffic congestion and emergency response, offering valuable insights for
N policymakers and urban planners seeking effective solutions for smart city
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1.0 INTRODUCTION

In the intricate tapestry of urban life, traffic congestion stands
out as a formidable challenge with far-reaching consequences.
As cities burgeon and vehicle numbers swell, the arteries of our
urban landscape become clogged with a daily influx of cars,
buses, and trucks. This congestion not only saps productivity
and fuels air pollution but also imperils lives by impeding the
swift response of emergency services. Studies underscore the
urgency of the situation, revealing that swift emergency
response is often the difference between life and death in
critical situations. The grim reality is that a significant
percentage of fatalities could have been prevented if
emergency teams could reach their destinations swiftly.

Considering these sobering facts, we propose a novel solution:
a dynamic traffic management system that harnesses the

power of loT technology to create "Green Corridors" for
emergency vehicles. This system, driven by UWB tags installed
on emergency vehicles, seamlessly integrates with traffic
signals, ensuring unimpeded passage when seconds count the
most. The days of manual traffic control methods struggling to
keep pace with the complexities of modern urban traffic are
gone. Our innovative approach promises to revolutionize urban
mobility by dynamically adjusting traffic signals as emergency
vehicles approach. It is a system designed not just to manage
traffic but to save lives, providing a beacon of hope in the face
of urban congestion challenges. Some of the ITMS associated
technologies as briefly described below:
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® The Heart of ITMS - Intelligent Transportation Systems
(ITS): Think of ITS as the brain of ITMS. It is a collection of
technologies working together like a well-oiled machine to
improve how we move around. ITS includes systems that
manage traffic lights and congestion, provide updates to
travelers on the go, enhance public transport services, and
make sure goods are shipped efficiently and safely. When
emergencies strike, ITS is there to handle the situation
promptly, keeping disruptions to a minimum

® The Nerve Centre - Communication Technologies: Just as
nerves transmit signals in the body, communication
technologies are the lifelines of ITMS. They allow cars to
talk to each other and to the road infrastructure, making
travel safer and more efficient. Whether it’s through high-
speed cellular networks or localized Wi-Fi, these
technologies keep the information flowing, ensuring that
every part of the transportation network is connected and
responsive.

® The Senses - Sensing and Detection Technologies: These
technologies are the eyes and ears of ITMS, constantly
monitoring the roads to keep traffic moving smoothly. They
can sense the presence of vehicles, watch over traffic flow,
and even detect accidents or congestion. Whether it is
through radar, cameras, or sensors that can see through
fog and darkness, they gather crucial information that helps
manage traffic effectively.

® The Brainpower - Data Processing and Analytics: With all
the data collected, ITMS needs serious brainpower to make
sense of it all. That is where data processing and analytics
come in. They crunch the numbers, spot trends, and predict
where traffic jams might occur, helping to keep our
journeys hassle-free. Advanced algorithms and machine
learning are like the smart assistants of the road, learning
from past traffic patterns to make better decisions for the
future.

® The Controllers - Traffic Control and Management: These
systems are the conductors of the traffic symphony,
directing the flow of vehicles with precision. They adjust
traffic signals in real-time to avoid bottlenecks and use
signs to inform drivers about conditions ahead. When there
is an incident, they are quick to respond, ensuring that help
is on the way and that other travelers are rerouted
efficiently.

Traffic data, encompassing factors like vehicle speed, traffic
volume, and road occupancy, plays a crucial role in assessing
congestion levels. Various models are employed in traffic
simulators to replicate real-world traffic scenarios, aiding
transportation management. Despite extensive research on
mitigating congestion, the integration of modeling endeavors
with re-routing strategies remains limited. Current solutions
are often tailored to specific cases, offering little flexibility for
application in different scenarios.

P. N et al. [1] present the concept of developing an
autonomous system to manage the traffic congestion for
Emergency Vehicles (EV) at crossways. The potential of their
research is to cut down the overall response time of Emergency
Vehicles in dense traffic.

In the context of smart cities, Prakash et al. [2] suggests an
ideal control method for EVP that makes use of edge
computing and loT sensors. A GPS-based Internet of Things

sensor that continuously transmits Location Information (LI) to
the edge server was used to conduct the experiment. The edge
server clears the emergency vehicles and calculates the best
timings using the suggested control plan algorithm. At a traffic
intersection in Thiruvananthapuram, India, the waiting times of
other motor vehicles were observed both before and after the
system was put into place. When comparing the proposed
system to the current system, the comparative result
demonstrates that the average waiting time of vehicles on the
opposite route is decreased by 73.23%.

By concentrating on creating a sustainable framework based
on loT and Intelligent Transportation System (ITS) applications,
the study [3] sought to address traffic-related concerns in
smart cities. A dual approach was used to maintain the traffic
management in smart cities, which are made up of a hybridized
stream of connected automated vehicles (CAV) and human-
driven vehicles (HDV). This approach involved considering
traffic as either decision-making issues from prior research
works or as modeling and analysis-based. Additionally, the two
methods made use of real-time traffic data and used Al sensors
and ITS-based devices to gather information on vehicles and
other road users. Machine learning techniques and cloud
computing can be used to process and transmit this data for
traffic management, traffic decision-making regulations, and
future-use documentation. According to the suggested
framework [3], implementing such systems in the
transportation of smart cities may have a major impact on
forecasting, decongestion, road user lost hours, alternative
route suggestions, and the simplification of urban
transportation activities for city dwellers. Adopting the
suggested integrated structure and supporting low-carbon
emission zones can also help with pollution-related challenges
in smart cities. By putting these ideas into practice, smart cities
may lower their carbon footprint and manage traffic
sustainably, improving both their quality of life and the
environment.

A. Hazarika et al. [4] seeks to reduce the overhead associated
with communication network computations (using the IEEE
802.15.4 standard's low-power LoRa WAN and/or DSME MAC
technologies) as well as traffic computations (using
approximation computing). The suggested solution optimizes
traffic flow to achieve the goal of smart city infrastructure. The
paper also offers an emergency vehicle green traffic corridor
method.

A novel idea for expedited patient transportation was put
forth by A. Ranjan et al. [5]. This idea uses modern technology
such as RFID labels, scanners, and GPS to build an adaptable
green corridor for organ transit circumstances that could save
lives.

A dependable traffic management system (TMS), which is
required in the modern world to address traffic-related
problems and enhance the general safety and efficiency of
transportation networks, was created by Sharma, B. et al. [6].
To identify dangers and then offer services to reduce them,
TMS gathers data from multiple sources and analyzes it using a
variety of approaches, including artificial intelligence,
optimization, data analysis, etc. This article examines the latest
advancements, difficulties, and future possibilities of putting in
place a traffic control system considering this.

Using radio frequency (RF) sensors, P. Phani et al. [7]
presented a unique emergency vehicle information passing
system. Using radio frequency sensors, the study proposes a
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novel emergency vehicle information transmission system.
Critical data, including vehicle ID, approaching direction,
distance traveled, and destination time, are transmitted by the
system efficiently. It also makes it easier for emergency
vehicles to pass and gives other cars enough room to
maneuver. The principal goal of this method is to decrease
reaction time and increase node-to-node communication
speed.

A comprehensive survey of the research on EMV routing and
priority control is conducted by Hao et al. [8]. Using VOS
viewer, a general bibliometric analysis is first carried out.
Additionally, this analysis divides the literature into three
categories: EMV traffic priority control (EMV-TPC), EMV routing
optimization (EMV-RO), and EMV travel time prediction (EMV-
TTP). Lastly, this study offers recommendations for future
research on five areas: 1. using EMV data mining to identify real
demand characteristics; 2. adding the unique features of EMV
to EMV-RO models; 3. putting active EMV-TPC strategies into
practice; 4. focusing more on the negative effects on SVs; and
5. embracing emerging technologies in the urban traffic
environment of the future.

A. Rao et al. [9] proposal calls for the prompt clearing of
traffic to make room for emergency vehicles like fire engines
and ambulances. Our method is predicated on the Lora WAN
protocol, which is well-known for its broad range, low power
requirements, affordability, scalability, and applicability.
Emergency vehicles can create a green corridor and
communicate with one another using LoRa devices and the TTN
(The Things Network) gateway. Regular traffic is temporarily
halted once the green corridor is established to allow the
emergency vehicle to quickly cross intersections. A web page is
also made to track the vehicle's location from the traffic light.
The created method enables tracking of the emergency vehicle
and shortens the wait time for emergency vehicles.

To detect traffic density, some techniques used RFID scanners
and Internet of Things devices [10]. Additionally, hybrid
approaches combining RFID technology and computer vision
were suggested for smart traffic systems [11]. Additionally, a
priority-based system was created, wherein cars were ranked
according to their class [12]. Here, automobiles are identified
and categorized into several classes, including VIP, emergency,
special, and regular vehicles. The traffic light is opened or
closed based on the number and kind of cars on the
intersection. For instance, if an ambulance is waiting at a
crosswalk and all other cars are regular cars, the intersection
containing the ambulance will open first, allowing the
ambulance to pass the crosswalk. A strategy was put out that
used conventional time series techniques to forecast traffic
density by treating it as time series data [13].

The 5Es of traffic management have been demonstrated by P.
Aggarwal et al. [14] for road safety. Additionally covered are
several technologies that can be applied to TMS to increase the
effectiveness and efficiency of the system. There has also been
discussion of the different TMS-related research projects
completed in the last few years. The traffic control system built
using 10T, Al, and other technologies is also a part of this study.
Included are a few Intelligent Traffic Management Systems
(ITMS) that are in use in various nations.

Before acting, Q-learning requires the production of precise
natural environment forms. Rather, a dynamic communication
system was created to investigate how status, action, and
rewards interact in that specific context [15]. The present

traffic signal functions extract short-term expectations based
on predefined traffic flow statistics, which facilitates the signal
management system's conclusion calculation. Customizable
traffic light management agents will need to take pictures of
the present traffic condition and produce control signals on a
regular basis if a specific model is utilized. The implementation
of replay, occurrence, and ideal techniques has been done to
increase the stability of the algorithm. The dynamic network
and linear signal layout are combined to achieve the
algorithm's main objective of controlling congested traffic.

Blockchain, Internet of Things, edge computing, and
reinforcement learning are just a few of the cutting-edge
technologies that Yu Chen et al. [16] offer as part of their
innovative Smart Traffic Management System (STMS)
Architecture algorithm. The goal of STMS is to provide data
confidentiality, integrity, and decentralized decision-making
while maximizing traffic flow, reducing congestion, and
improving transportation efficiency. To facilitate safe and
transparent data exchange amongst traffic-related entities,
STMS combines Blockchain technology with the Twin Delayed
Deep Deterministic Policy Gradient (TD3) reinforcement
learning algorithm. On the Blockchain, smart contracts are used
to automate the application of pre-established traffic rules,
guaranteeing accountability and compliance. Real-time traffic
data is provided by integrating loT sensors on cars, roads, and
traffic signals. Edge nodes carry out local traffic analysis and aid
in optimization.

Traffic congestion and inefficiencies in traffic management
systems remain major problems in many cities throughout the
world, including India. The authors of [17] hope to overcome
the shortcomings of India's static traffic management systems
by putting forth a dynamic, sensor-based traffic light system.
The research's proposed system incorporates an Internet of
Things-based emergency override function for the arrival of VIP
guests or ambulances, and it adjusts the timing of lights based
on traffic density on each lane. Additionally, the authors have
constructed a digital circuit that controls and maintains many
lanes active simultaneously without interference by using a
decoder with select lines.

The Internet of Things, or loT, is a new paradigm in
information technology that is gaining traction across a range
of industries. It is expected that soon, the public transportation
system will see changes brought about by the widespread use
of loT applications. The deployment of the system's elements,
communication network, and three-tier architecture have all
been thoroughly described by the authors [18], who have also
looked at how the Internet of Things environment affects
public transportation and have put forth a new framework for
the loT-based intelligent public transportation system.

To solve the problems with connectivity and resource
management in ACA and optimize the routes for ACA, S. T.
Ahmed et al. [19] developed a unique and specialized ACA-R3
protocol. The governing protocol and the eHealth protocol's
operational guidelines are followed by the ACA-R3 protocol.
Reducing the handover time and streamlining the patient-
information exchange during requested emergencies was the
main goal of the current research project. With the help of the
GPS tracking unit's data, the ACA and Edge-Al collaborative
distributive resource management can be improved with the
help of the ACA-R3 protocol. In this article, the experimental
results from three distinct traffic congestion cases are analysed,
verified, and presented.
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The fleets of private and public vehicles are growing at a rapid
rate, which results in densely populated urban areas with
inadequate transportation road infrastructure. To address this,
lightweight S-Edge devices were used in the design of queue
length-based traffic light controllers for use in real-time
scenarios [20]. If there are cars in the intersection's road lane
all the time during rush hour, this system will starve. This allows
for the allocation of higher green phase durations to the same

heterogeneous vehicular dynamics at the fog computing node,
an effective and smart edge computing (S-Edge)-driven traffic
light controller was proposed to address this issue. The
suggested fuzzy inference system [20] is implemented by the
fog node to produce phase-cycle duration.

Table 1 lists the benefits and drawbacks of the intelligent
traffic management system we have suggested as well as those
of earlier systems.

lane multiple times, even in the face of longer wait times for
vehicles on other lanes. By considering the real-time

Table 1 The benefits and drawbacks of current and proposed system

No. Technology Benefits Drawbacks

1 Management of Manual Traffic Control 1) Simple to execute 1) Time-consuming

2) Less opportunity for error because of human  2) Mishaps on the crossings are a possibility.
interaction 3) There is a very high likelihood of conflict.
4) There is only one person on emergency vehicles to
communicate.

No. Technology Benefits Drawbacks

2 Traffic signal automation systems and 1) It takes less time than the manual approach. 1) Automatic lights may cause a delay in time due to their

2) Depending on the level of vehicle fixed timing structure.
congestion, image processing can automate  2) Emergency vehicles are unable to effectively communicate
traffic management. with system management.
3) The camera in image processing can only capture a certain
amount of space.

image processing techniques

Wireless Technologies-Based Traffic

3 Management System 1) All traffic lights must be configured to function intelligently

in accordance with system requirements.

1) Time-effective

2) Enables fast passage for emergency vehicles.

3) Aids in the construction of the emergency
vehicle's "Green Corridor".

4) Fewer confrontations.

To address the challenges mentioned earlier and offer
improved solutions, an innovative traffic control system known
as ITCS was introduced. This system leverages Ultra-Wideband
technology (UWB) technology to streamline traffic flow. The i
concept of using UWBs on vehicles has sparked considerable

interest among various research organizations. Our paper

proposes a system that incorporates cutting-edge technology,
distinguishing it from traditional methods. It consists of
essential components such as UWB tags, UWB tag readers, and E .

Arduino UNO, all seamlessly integrated to ensure smooth n
operation. In Figure 1, a road intersection is equipped with
UWB readers, demonstrating how this technology facilitates
efficient traffic management.

READER 4 READER 3

Figure 1 UWB Readers on Road Crossing

2.0 METHODOLOGY

Our innovative Smart Traffic Management System, rooted in
the Internet of Things (loT), is designed to enhance urban
mobility, and give precedence to emergency response. Divided
into two key sections, our research focuses on streamlining
emergency vehicle movement mainly ambulances and
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optimizing traffic signals. In the first section, we tackle
ambulance navigation with the utilization of Ultra-Wideband
(UWB) technology. UWB technology offers exceptionally
precise ranging and localization capabilities than RFID tagging
technology. Thus, making it well-suited for a variety of
applications including indoor positioning, asset tracking, and
secure access control systems. We handled ambulance
navigation by equipping each vehicle with UWB tag forming
what we refer to as the "ambulance section." This feature
allows us to track ambulances in real-time, ensuring swift and
efficient passage through traffic. The second section, known as
the "traffic signal section," incorporates UWB readers installed
at traffic signals. These receivers detect the UWB tags on
approaching ambulances, promptly signaling the traffic lights to
turn green and clearing the path for emergency vehicles. By
leveraging cloud computing, the system collects and transmits
data to a central server, facilitating seamless coordination
between ambulances and traffic signals. This integrated
approach not only expedites emergency response but also
minimizes traffic delays, ultimately safeguarding precious
human lives. By contributing to the development of smart
cities, our system exemplifies the potential of technology to
enhance urban infrastructure and improve public safety. See
Figure 2 for an illustration of the ambulance section.

Ambulances Equipped
with UWB Tags

& i (.

16T Communication Dashboard

SROod

Perception Layer

Figure 2 The Sections with Ambulances

The proposed Intelligent Traffic Management System

(ITMS) utilizes a rule-based algorithm integrated with Ultra-
Wideband (UWB) technology to dynamically optimize traffic
signal operations. The system identifies emergency vehicles
equipped with UWB tags and triggers real-time adjustments to
traffic lights, creating a "Green Corridor." The core algorithm
operates as follows:
Detection Logic: The UWB reader at each traffic signal
continuously scans for signals from approaching emergency
vehicles. When a UWB tag is detected, the system determines
the vehicle's direction and speed using signal strength and
localization algorithms.

Signal Optimization: A predefined set of rules governs the
traffic light operations. The algorithm prioritizes emergency
vehicles by:
e Identifying the direction of the approaching
emergency vehicle.

e Adjusting traffic signals to turn green in the identified
lane while maintaining safe operations in other lanes.
e  C(Calculating the time required for the emergency
vehicle to pass based on its speed and distance.
Fallback Mechanism: In the absence of emergency vehicles, the
system reverts to a fixed-time or density-based signal control
algorithm.

For data analysis, the system employs a correlation-based
approach to assess the impact of traffic congestion on
emergency response times. The data, including traffic density,
vehicle speeds, and signal clearance times, is collected via the
loT framework. Statistical models, such as regression analysis,
are used to identify trends and optimize future operations.
These models provide insights into how emergency vehicle
response times vary with traffic flow and signal adjustment
efficiency.

Future iterations of the system will incorporate machine
learning models, such as reinforcement learning, to adaptively
optimize traffic signals based on historical and real-time data,
thereby enhancing scalability and performance.

In the second segment of our proposed project, we focus
on the traffic signal system. This setup encompasses an Arduino
Mega Microcontroller, an UWB reader, an LCD Display, as well
as a set of LEDs including one Red, one Yellow, and one Green.
These LEDs are utilized to construct the traffic signal pole, with
the UWB reader positioned before it. Within our project, we
employ the Arduino Mega microcontroller, which serves as the
central processing unit. This microcontroller is intricately linked
with the traffic lights, a servo mechanism, and the UWB reader,
ensuring seamless data processing.

A key feature of our project lies in the utilization of the
LCD display, which is directly connected to the Arduino Mega.
When an ambulance, fitted with an UWB tag, approaches, and
passes the UWB reader, a customized message is relayed onto
the LCD screen. This message, “WELCOME TO NH-10,” is
dynamically converted to “AMBULANCE IS APPROACHING -
PLEASE MOVE TO THE LEFT LANE," signaling to drivers to make
way for the emergency vehicle. Concurrently, the red LED
transitions to green, mirroring real-world scenarios where a
"Green Corridor" is established to facilitate the unhindered
passage of ambulances. Refer to Figure 3 for a visual
representation of the traffic signal section.
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Figure 3 Traffic Signal Section

The pseudocode shown in figure 4 describes a system that uses
traffic data and Ultra-Wideband (UWB) tags to control traffic
signals in response to emergency vehicles.

The LCD display, LEDs, and UWB readers are all
initialized by the system. It keeps an eye out for oncoming
traffic and emergency vehicles while it is operating. The system
updates the LCD display with a warning message for other
drivers and modifies the traffic signals to create a "green
corridor" for a clear path if an emergency vehicle is detected.
When there is not an emergency, regular traffic control
procedures are followed. The design specifications of the
system are listed below:

Traffic Signal LED: Constructed with 8mm LEDs. Traffic
signals are built using LEDs in the colours red, yellow, and
green. The 5V power required to run the LEDs is supplied by the
microcontroller.

e Arduino Mega 2560: This Arduino Mega 2560 includes an
ATmega2560 microcontroller. An 8-bit microcontroller is
this. The four UART, USB port, and 16MHz oscillator are
essential parts of the AM2560. In addition, it features 16
analog inputs and 54 digital input and output pins.

Arduino IDE: Projects developed on the Arduino platform
can be supported by the Arduino IDE software. File, Edit,
Sketch, Tools, and Help are a few of the more significant
menu bar options. The middle portion is where the coding
is done. The final section displays the output. Sketches'

core programming language is C++ or C.

LCD Display: There are two rows and sixteen columns in
this display. As a result, 32 characters are displayed. The
LCD character size is 5x8 pixel dots. It is possible to see
numerical and alphabetical values on the screen.

ALGORITHM: PSEUDO CODE FOR SMART TRAFFIC MANAGEMENT SYSTEM
Input: UWB tag signals from emergency vehicles, traffic data
Output: Traffic signal control, LCD display messages
1 dataset — Collect UWB_Data()
# Extract UWB Reader data (e.g., distance measurements, object detection)
2 Initialize_System_Components()
# Initialize Arduino Mega, UWB readers, LEDs, LCD display
3 While system is running do:
4 Emergency_Vehicle_Data — UWB_Reader_Monitoring()
# Continuously monitor for UWB tags
5 Traffic Data «— Traffic_Sensor_Monitoring() # Monitor traffic density and
patterns
6 If Emergency_Vehicle_Detected(Emergency_Vehicle_Data) then:
7 Create_Green_Corridor() # Adjust traffic signals to create a clear path
8 Update_LCD_Display("AMBULANCE IS APPROACHING - PLEASE
MOVE TO THE LEFT LANE")
9 Activate_Green_LED() # Switch traffic signal to green
10 else:
11 Normal_Traffic_Control(Traffic_Data) # Regular traffic signal operation
12 Update_LCD_Display("WELCOME TO NH-10")
13 end if
14 If Cloud_Computing_Enabled then:
15 Upload_Traffic_Data(Traffic_Data) # Send data to central server
16 Optimized_Signal_Timing «— Receive_Cloud_Computations ()
17 Apply_Optimized_Signal_Timing(Optimized_Signal_Timing)
18 end if
19 If Android_App_Integration_Enabled then:
20 App_Data «— Receive_App_Data () # Get data from Android app
21 Process_App_Data(App_Data) # Use app data for further optimization
22 end if
23 If Shortest_Path_Algorithm_Enabled then:
24 Current_Location < Get_Emergency_Vehicle_Location()
25 D «— Get_Emergency_L 0
26 Shortest_Route—Calculate_Shortest_Path(Current_Location,
Destination)
27 Optimize_Traffic_Signals(Shortest_Route)
28 end if
29 end while
30  end (#Algorithm)

Figure 4 Pseudo Code for Smart Traffic Management System
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o Radio Frequency Identification (RFID): RFID tags, while less
precise than UWB, are cost-effective and can serve as a
complementary technology for broader deployment. For
example, RFID can monitor general traffic flow at
intersections and provide supplementary data for the
central system.

o Artificial Intelligence (Al): Machine learning algorithms can
analyze traffic patterns in real-time, predict congestion, and
proactively adjust traffic signals. Al models could learn from
historical data to refine the system’s response to various
traffic conditions.

e Blockchain Technology: Blockchain offers secure and
transparent data sharing between vehicles, traffic lights,
and central servers. Integrating blockchain can enhance
system security, especially in scenarios involving sensitive
data such as emergency vehicle routes.

e V2X Communication:  Vehicle-to-Everything  (V2X)
communication enables direct interaction between vehicles
and infrastructure, providing real-time updates on vehicle
positions and intersection status. This integration would
improve system responsiveness and reduce latency.

2.1. Conflict Resolution Mechanism

The system has been designed to prioritize emergency vehicles
based on urgency levels and directional analysis. In the event of
two emergency vehicles arriving at an intersection, the system
will:

Assess Directionality: If the vehicles are approaching from non-
conflicting directions, the system will clear paths
simultaneously by adjusting traffic lights for each direction.
Prioritize Based on Emergency Level: When directional conflicts
occur, the system evaluates urgency using pre-assigned priority
levels, such as life-threatening medical emergencies versus
lower-priority emergencies.

Sequential Clearance: If both vehicles have the same priority
and are on conflicting paths, the system will clear one vehicle at
a time based on proximity to the intersection. This decision
ensures safety and avoids congestion.

To address this, we have added a comprehensive description of
the system's architecture and its design components. The
proposed Intelligent Traffic Management System (ITMS) is
based on a layered architecture comprising the following:
Perception Layer:

e  Components: UWB tags and readers, Arduino Mega
controllers, sensors for traffic density detection.

e  Functionality: This layer is responsible for real-time
data acquisition, including detecting emergency
vehicles, measuring traffic density, and monitoring
signal statuses.

Communication Layer:

e  Components: loT-based communication protocols,
such as Wi-Fi or LoRaWAN.

e  Functionality: Facilitates data transmission between
UWB readers, traffic signals, and the central cloud
server. This layer ensures low-latency communication
for seamless operation.

Processing Layer:

e  Components: Central cloud server, algorithms for

decision-making.

e  Functionality: Processes input data, applies
prioritization rules, and determines optimal signal
adjustments for emergency vehicle clearance and
general traffic flow.

Application Layer:

e  Components: User interfaces for monitoring and
control, real-time traffic visualization tools.

e  Functionality: Allows traffic managers to monitor
system performance and intervene if necessary.

3.0 RESULTS AND DISCUSSION

An Internet of Things (loT)-based Intelligent Traffic
Management System (ITMS) intended to reduce urban traffic
congestion is presented in our research, with an emphasis on
making it easier for emergency vehicles to maneuver. With the
use of Ultra-Wideband (UWB) technology, the suggested
system creates "Green Corridors" by automatically turning
traffic signals green for ambulances, allowing them to pass
through without obstruction. The method has been shown to
be effective in lowering traffic congestion and speeding up
emergency services' response times, which has improved road
safety and saved lives. This novel methodology presents
notable advantages over conventional traffic control
techniques and has the potential to be further improved with
the use of cloud computing and sophisticated algorithms.

Numerous significant connections between different traffic
characteristics are shown in the figure 5 of the correlation
matrix for traffic data. The strength and direction of linear
correlations are shown by the correlation coefficient values,
which range from -1 to 1.

The data indicates a weak positive connection (0.24) between
traffic congestion levels and vehicle speed. This suggests that
speed may rise in tandem with congestion, which could be
counterintuitive and  necessitate  additional research.
Additionally, there is a small positive association (0.11)
between congestion and emergency vehicle response times.
The minimal association between emergency vehicle response
times and most parameters suggests that traffic volume and
road occupancy have little effect on response times.

Heatmap of Correlation Matrix for Traffic Data
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The connection between vehicle speed and traffic flow patterns
is moderately positive (0.31), suggesting that higher vehicle
speeds are linked to increased traffic flow. Additionally, there is
a slight positive association (0.02) with Road Safety Outcomes,
suggesting a tenuous connection between flow patterns and
safety events.

The data indicates a moderate negative association (-0.28)
between road occupancy and road safety outcomes. This
suggests that higher road occupancy may be associated with
fewer safety events, potentially because of slower vehicle
speeds and better controlled driving circumstances.

This analysis highlights how particular traffic factors interact
and may be regulated to optimize traffic flow and emergency
response times, which is a complement to findings of loT-based
Intelligent Traffic Management Systems (ITMS).

An understanding of the links between different traffic
performance data can be gained from the figure 6 of the
correlation matrix with the orange palette. The following
important correlations are shown by the matrix:

Heatmap of Correlation Matrix (Orange Palette)
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Figure 6 Heatmap correlation matrix of different parameters

e Efficiency (%) shows a somewhat positive association with
Routing Efficiency (0.29), Optimization Score (0.20),
Integration Level (0.30), and Engagement Level (0.20). This
implies that optimizing these variables may enhance overall
system performance, which is consistent with the goals of
the research paper's loT-based Intelligent Traffic
Management System (ITMS).

e There may be trade-offs between high accuracy and routing
and classification performance, as evidenced by the
negative correlations between accuracy (%), routing
efficiency (-0.40), and classification accuracy (-0.31). In the
context of ITMS, where striking a balance between
operational effectiveness and precision is essential, this
trade-off is significant.

e According to the research, responsiveness (ms) has a
positive correlation with classification accuracy (0.40),
indicating that quicker system reactions lead to better

classification results. This is important for real-time traffic

management and emergency vehicle prioritizing.

e The results indicate that effective routing techniques are
critical to sustaining high engagement and overall system
performance. Specifically, Routing Efficiency (%) exhibits a
substantial positive association with Engagement Level
(0.24) and Efficiency (%) (0.29).

To achieve effective traffic management, these correlations
highlight the intricate interactions between various system
characteristics. This highlights the significance of implementing
ITMSs with a balanced approach to optimize efficiency,
accuracy, and responsiveness.

Simulation Environment: The experiment was conducted in a
simulated urban traffic scenario using the Simulation of Urban

Mobility (SUMO) software. A four-way intersection was

modeled with variable traffic densities, including emergency

and non-emergency vehicles.

Equipment:

UWB Tags and Readers: Each emergency vehicle was equipped
with a UWB tag. Traffic lights were integrated with UWB
readers to detect incoming vehicles.

Arduino Mega Controller: Used to manage traffic light
operations based on UWB signal input.

Cloud Server: Collected and analyzed data to monitor system
performance and make dynamic adjustments.

Scenarios Tested:

Scenario 1: A single emergency vehicle navigating a congested
intersection.

Scenario 2: Two emergency vehicles approaching from
conflicting directions.

Scenario 3: Regular traffic flow without emergency vehicles.

Metrics Evaluated:

Emergency vehicle clearance time.

Average waiting time for non-emergency vehicles.
Traffic flow efficiency.

3.1. Data Validation

Data Sources: The validation of the proposed system was
carried out using simulated data and controlled experiments.
The simulated dataset represented a busy urban traffic
intersection with the following characteristics:

Number of Vehicles: 100 vehicles per simulation cycle,
including one emergency vehicle.

Intersection Configuration: Four-way intersection with variable
traffic densities.

Traffic Scenarios: Multiple scenarios were modeled, including
peak-hour congestion, normal flow, and emergency vehicle
prioritization cases. The simulated data was generated using
the Simulation of Urban Mobility (SUMO) tool, which allowed
for precise control over vehicle movements, traffic signal
timings, and emergency vehicle routing.

Validation Process: The system's effectiveness was validated
through the following metrics:

Clearance Time: Reduction in the time required for emergency
vehicles to traverse intersections.

Traffic Congestion: Changes in average waiting times for non-
emergency vehicles.

Success Rate: Percentage of emergency vehicles successfully
prioritized without causing significant delays to general traffic.
The results indicated a 70% reduction in clearance times for
emergency vehicles compared to conventional systems.
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Average waiting times for non-emergency vehicles increased by
less than 15%, demonstrating a balanced trade-off.

Field Testing: While the current study focuses on simulation-
based validation, plans are underway to conduct field trials in
collaboration with municipal traffic authorities. These trials will
provide real-world data for further validation and refinement of
the system.

3.2. Comparative Analysis

A comparative analysis has been conducted to evaluate the
performance of the proposed system against existing traffic
management methods. The comparison focuses on the
following metrics:

Emergency Vehicle Clearance Time:

Existing Systems: Conventional systems, such as fixed-time
traffic signals or basic RFID-based systems, typically show
slower response times due to manual interventions or less
precise vehicle detection.

Proposed System: The UWB-based ITMS demonstrated a 70%
reduction in clearance time due to its high accuracy and real-
time adaptability.

Traffic Congestion Management:

Existing Systems: Traditional methods often result in prolonged
waiting times for non-emergency vehicles during priority
clearance.

Proposed System: By dynamically adjusting signals and utilizing
predictive algorithms, our system minimizes additional delays
for general traffic.

Scalability and Adaptability:

Existing Systems: Limited scalability due to reliance on fixed
infrastructure and lack of real-time communication.

Proposed System: Integration with IoT and cloud computing
ensures scalability and adaptability to varying traffic conditions.
Cost Efficiency:

Existing Systems: RFID and static systems are cost-effective but
lack precision.

Proposed System: Although UWB technology incurs higher
initial costs, its precision and versatility provide long-term
benefits.

3.3. Data Analysis

Below are the clarified details:

Experiment Contexts and Settings:

Objective: The correlation matrices aim to identify relationships
between key traffic parameters, such as congestion levels,
vehicle speeds, and emergency vehicle response times.
Experimental Setup:

Simulations were conducted using the SUMO (Simulation of
Urban Mobility) platform, modeling a four-way urban
intersection.

Various traffic scenarios were simulated, including peak-hour
congestion, normal flow, and emergency vehicle prioritization.
Data Collection: Metrics such as traffic density, vehicle speed,
signal timing adjustments, and emergency vehicle clearance
times were recorded across 50 simulation cycles.

Nature of Traffic Data:

Synthetic Data: The correlation matrices were derived from
synthesized data generated within the SUMO platform. The
simulated scenarios closely replicate real-life urban traffic

conditions, including variations in vehicle density and
emergency response scenarios.

Justification: Synthetic data was used due to the controlled
nature of the experiments, which allowed for precise
evaluation of system performance. Future work will
incorporate  real-life  datasets collected from urban
intersections for validation.

Analysis:

The correlation matrices highlight trends such as the
relationship between traffic congestion and emergency vehicle
response times. For example, a moderate negative correlation
between road occupancy and safety outcomes suggests that
higher occupancy may reduce accidents due to slower speeds.

4.0 CONCLUSION

Every day, we witness the dissatisfaction of heavy road
congestion, almost like it has become a part of our routine. The
sheer volume of vehicles seems to keep increasing, becoming
an integral part of modern life that we cannot simply wish
away. However, while we can't eliminate the need for vehicles,
we can certainly mitigate the havoc they wreak on our roads
with smart solutions. That is where our project comes in. We
have proposed a method to ease the passage of emergency
vehicles mainly ambulances through these congested streets.
This is crucial because every year, countless lives are lost due to
the delays these vehicles face in reaching their destinations.

Our solution, the Intelligent Traffic Management System,
harnesses the power of Internet of Things (IoT) technology. By
utilizing UWB tags and readers, we enable emergency vehicles
to communicate with traffic signals, prompting them to turn
green and clear a path - creating what is commonly known as a
"Green Corridor." This not only saves valuable time but also
saves lives. Our system represents a significant improvement
over traditional traffic control method. Moreover, it opens
possibilities for future enhancements. For instance, integrating
cloud computing through a dedicated Android application could
further  optimize  traffic  management.  Additionally,
implementing advanced mapping techniques and shortest path
algorithms could offer even greater efficiency, ensuring
emergency vehicles reach their destinations swiftly and safely.

We can also use our application's shortest path algorithm
to reduce the amount of time emergency vehicles must wait.
This will improve the emergency units' ability to save lives and
assist us in determining the fastest path to our destination. The
recommended ITMS can be enhanced with the use of cloud
computing. The best iterations of the system can be obtained
by connecting it to an Android application and using map
techniques.

4.1. Practical Implications and Limitation

Practical Applications: The proposed system has significant
potential in urban areas with high traffic congestion and critical
emergency service requirements. Key applications include:
Emergency Response Optimization: Hospitals, fire stations, and
disaster response units can benefit from faster and more
reliable emergency vehicle routing.

Urban Traffic Management: Integration of this system in smart
cities can alleviate congestion, improve overall traffic flow, and
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reduce road accidents caused by erratic driver behaviour near
emergency vehicles.

Environmental Benefits: By minimizing vehicle idling during
emergencies, the system contributes to reduced fuel
consumption and lower emissions.

For instance, implementing this system at a busy metropolitan
intersection demonstrated a substantial improvement in
emergency vehicle response times while maintaining
acceptable levels of traffic flow for regular vehicles.

Limitations: While the system offers significant benefits, certain
challenges and limitations must be addressed:

Infrastructure Costs: Installing UWB readers and integrating loT
components at multiple intersections require substantial initial
investment.

Reliance on UWB Technology: Although UWB offers high
accuracy, its performance may be affected by environmental
factors, such as interference from other wireless devices.
Scalability: Scaling the system to an entire city requires robust
communication networks and extensive collaboration between
traffic authorities.

4.2. Future Directions

To mitigate these limitations, future work will focus on
exploring cost-effective alternatives, such as hybrid IoT systems
using RFID and Wi-Fi. Additionally, incorporating adaptive
algorithms and cloud-based management systems will improve
scalability and resilience.

Future Research Directions: Building on the findings, several
avenues for future research and development have been
identified:

Integration with Advanced Navigation Systems: By linking the
system with GPS-based navigation tools, emergency vehicles
can receive real-time route updates to further optimize their
travel time.

Public Awareness Campaigns: Educating drivers on how to
respond to "Green Corridor" signals will enhance the system's
effectiveness.

Advanced Data Analytics: Using Al and big data techniques to
analyse traffic patterns and predict congestion hotspots will
allow for proactive traffic management.
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