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Abstract: 

With the growing population, traffic congestion in cities is one of the most urgent concerns. 

Congestion not only causes additional delay and stress for the driver but also increases fuel 

consumption and pollution. The existing traffic management system does not offer priority when 

emergency vehicles are seen because it is a timer-based traffic control system. Ambulances, fire 

trucks, and other emergency vehicles are unable to arrive on time because of the traffic jams on 

the roadways. So, in order to reduce traffic congestion in daily life, our proposed methodology 

measures the density of vehicles at a 4-way junction. In the absence of emergency vehicles, the 

proposed system gives green light automatically based on the density of vehicles on the road. 

The traffic light changes according to the signal emitted by the sensor. Using an RF transmitter 

and receiver, the signal priority is switched to the lane in which an emergency vehicle is present. 

This system incorporates the entire traffic system and operates in emergency scenarios to ensure 

quick arrival at the desired location without any delay. 
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I.INTRODUCTION 

Traffic congestion has become one of the 

most pressing challenges in urban areas due 

to the rapid growth of population, 

industrialization, and the increasing number 

of private vehicles on roads. Traditional 

traffic management systems generally work 

with fixed-time traffic lights, where each 

signal is allocated a pre-determined duration 

regardless of the real-time traffic situation. 

This outdated approach leads to inefficient 

utilization of road capacity, unnecessary 

waiting at empty lanes, and significant 

delays at crowded ones. As a result, traffic 

jams, fuel wastage, and air pollution are 

rising problems in many developing and 
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developed cities across the world. To 

overcome these issues, density-based traffic 

control systems are proposed, where the 

duration of traffic signals is dynamically 

adjusted depending on the number of 

vehicles waiting at an intersection. Sensors 

such as infrared, ultrasonic, or computer 

vision cameras can be used to detect vehicle 

density, and the traffic lights are optimized 

accordingly. This makes traffic flow more 

efficient, reduces congestion, and enhances 

road utilization. 

Another major concern in conventional 

systems is the lack of priority given to 

emergency vehicles such as ambulances, fire 

trucks, and police cars. These vehicles often 

get stuck in traffic, causing life-threatening 

delays in rescue operations. For example, 

studies show that even a 5–10 minute delay 

in ambulance services can drastically reduce 

the survival chances of patients. Therefore, 

integrating emergency vehicle detection and 

prioritization into intelligent traffic control 

systems is vital. By using IoT devices, 

RFID, GPS, and computer vision 

technologies, emergency vehicles can be 

detected in real time, and traffic lights can 

be programmed to turn green to provide 

them an uninterrupted pathway. 

The combination of density-based traffic 

management and emergency vehicle 

detection provides a smart and intelligent 

solution to traffic congestion and safety 

challenges. With the integration of modern 

technologies such as IoT, Artificial 

Intelligence (AI), Deep Learning, and 

Cloud-based systems, cities can move 

toward sustainable and adaptive traffic 

control systems, ultimately improving urban 

mobility, reducing emissions, and ensuring 

faster emergency response times. 

II.LITERATURE SURVEY 

1.Title: Adaptive Traffic Signal Control 

Using Density-Based Approach 

Abstract: This research addresses the 

shortcomings of conventional fixed-time 

traffic lights and proposes an adaptive traffic 

control system based on real-time traffic 

density. The system uses sensors such as 

ultrasonic or infrared modules placed at 

intersections to measure the number of 

vehicles waiting at each lane. Depending on 

the vehicle count, the microcontroller 

dynamically adjusts the green signal 

duration. Compared to static systems, this 

method significantly reduces idle time for 

vehicles and increases intersection 

throughput. The authors highlight that the 

adaptive system results in reduced 

congestion, lower emissions, and faster 

clearance of vehicles during peak hours. 

Simulation results demonstrate that when 
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the traffic density is high in one direction, 

the green light is extended, while low-

density lanes receive shorter green time. 

This ensures fairness and optimal use of 

available road capacity. The study concludes 

that density-based systems can serve as a 

foundation for smarter urban traffic 

management when combined with IoT and 

AI technologies. 

2. Title: IoT-Enabled Traffic 

Management System for Emergency 

Vehicle Prioritization 

Abstract: This work proposes an Internet of 

Things (IoT) based traffic control system 

designed to prioritize emergency vehicles 

while simultaneously managing normal 

traffic density. The system integrates RFID 

tags, GPS, and wireless communication 

modules that can detect emergency vehicles 

approaching an intersection. Upon detection, 

the system overrides the normal traffic light 

sequence and grants the emergency vehicle a 

green corridor, clearing the traffic ahead. 

The study shows that such a system reduces 

average emergency response times by up to 

45%. Moreover, the integration of density-

based detection ensures that regular traffic 

flow is also optimized, minimizing overall 

congestion. The authors also discuss the 

scalability of the system, suggesting its 

application across large metropolitan cities 

with high traffic volumes. The proposed IoT 

framework demonstrates how connected 

technologies can play a crucial role in 

making urban transportation more 

intelligent, sustainable, and life-saving. 

3. Title: Machine Vision Based Real-Time 

Traffic Density and Emergency Vehicle 

Detection 

Abstract: This study introduces a machine 

vision-based system that employs image 

processing and deep learning to detect both 

vehicle density and emergency vehicles in 

real-time. High-resolution CCTV cameras 

installed at intersections provide continuous 

video streams. Using object detection 

algorithms such as YOLO and Faster R-

CNN, the system counts vehicles, identifies 

traffic congestion levels, and detects unique 

emergency features like flashing sirens and 

light patterns. The system dynamically alters 

traffic signal timing based on density and 

ensures uninterrupted passage for 

emergency vehicles by overriding regular 

sequences. Results indicate that the machine 

vision approach achieved over 90% 

accuracy in vehicle classification and a 40% 

reduction in delays faced by ambulances. 

Unlike traditional sensor-based methods, 

computer vision offers scalability and 

eliminates the need for extensive physical 

infrastructure. This makes it a cost-effective 
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and adaptable solution for developing smart 

cities. 

4. Title: Intelligent Traffic Signal System 

with Priority Scheduling for Emergency 

Vehicles 

Abstract: This paper proposes a hybrid 

traffic control system that combines density-

based traffic detection with priority 

scheduling for emergency vehicles. 

Ultrasonic sensors are used to calculate 

vehicle density, while a wireless transmitter 

installed in emergency vehicles 

communicates directly with traffic 

controllers. Once detected, the system 

immediately halts other signals and provides 

a green pathway for the emergency vehicle, 

ensuring quick passage through 

intersections. 

The study emphasizes the importance of 

minimizing human intervention by 

automating the entire system. 

Implementation results showed significant 

improvements in traffic flow efficiency, 

with waiting times reduced by 25% for 

regular vehicles and almost zero delays for 

emergency services. Furthermore, the low-

cost design using microcontrollers makes 

the system practical for deployment in cities 

with limited infrastructure budgets. The 

authors suggest future enhancements by 

integrating AI-based prediction models and 

cloud computing to further optimize real-

time decision-making. 

III.EXISTING SYSTEM 

The existing traffic management systems in 

most urban cities still rely heavily on fixed-

time traffic lights. These systems operate on 

pre-set timers where each lane is assigned a 

fixed duration of green and red signals, 

regardless of the actual number of vehicles 

present. While simple to implement, this 

approach is highly inefficient, especially 

during peak hours or in cases of uneven 

traffic distribution. For instance, a lane with 

very few vehicles may continue to receive a 

long green signal, while a lane with heavy 

traffic experiences long delays, resulting in 

congestion, fuel wastage, and increased 

pollution. Moreover, these systems generally 

lack mechanisms for detecting emergency 

vehicles, such as ambulances or fire trucks, 

which often get stuck in traffic jams, leading 

to life-threatening delays. Some cities have 

introduced sensor-based systems, but they 

are often limited to vehicle detection without 

any prioritization features, making them 

inadequate for handling real-world dynamic 

traffic conditions. 

IV.PROPOSED SYSTEM 

The proposed system overcomes the 

limitations of fixed-timer models by 

introducing an intelligent density-based 
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traffic control system integrated with 

emergency vehicle detection. Using 

advanced sensors (ultrasonic, infrared, or 

computer vision cameras), the system 

continuously monitors vehicle density in 

each lane and dynamically adjusts the green 

signal duration to optimize traffic flow. This 

ensures that congested lanes are given 

higher priority, while lanes with lower 

density receive shorter green times, thus 

minimizing idle waiting. Furthermore, the 

system incorporates emergency vehicle 

prioritization through technologies such as 

RFID, IoT modules, GPS, or deep learning-

based siren and light recognition. When an 

emergency vehicle is detected, the system 

instantly overrides the normal signal cycle 

and provides a green corridor, ensuring the 

vehicle passes without delay. This smart and 

adaptive system not only reduces congestion 

and waiting time but also improves public 

safety by enabling faster emergency 

response. 

V.SYSTEM ARCHITECTURE 

 

Fig 5.1 System Architecture 

The above image illustrates the working 

principle of a density-based traffic control 

and emergency vehicle detection system. 

The diagram shows multiple road 

intersections equipped with sensors or 

cameras that monitor the number of vehicles 

in each lane. Based on the detected density, 

the traffic signal controller adjusts the 

duration of green lights dynamically, 

ensuring that highly congested lanes are 

cleared faster while minimizing unnecessary 

waiting time in low-density lanes. The 

image also highlights the integration of an 

emergency vehicle detection module, where 

technologies such as RFID tags, GPS 

tracking, or siren detection are used to 

identify the presence of an ambulance, fire 

truck, or police vehicle. Once an emergency 

vehicle is detected, the system overrides the 

normal traffic cycle to create a green 

corridor, allowing it to pass smoothly 

without delays. This ensures efficient traffic 

management, reduced congestion, and faster 

emergency response. Overall, the image 

represents a shift from fixed-time traffic 

signals to an intelligent adaptive control 

system that enhances both road efficiency 

and safety. 

VI.IMPLEMENTATION 

https://ijerst.org/index.php/ijerst


 
 

 

This article can be downloaded from https://ijerst.org/index.php/ijerst                                         1080 

 

The above image clearly represents the 

workflow of a density-based traffic control 

and emergency vehicle detection system. It 

shows a road intersection where sensors or 

cameras are installed to continuously 

monitor the traffic density in each lane. 

Instead of relying on fixed timers, the 

system uses real-time data to adjust the 

duration of green, yellow, and red lights 

dynamically, giving more time to roads with 

heavier traffic and less time to lanes with 

lighter traffic. This helps in reducing 

unnecessary waiting and congestion. Along 

with density detection, the image also 

highlights the emergency vehicle detection 

mechanism. When an ambulance, fire 

engine, or police vehicle is identified—

through RFID, GPS, or siren detection—the 

system immediately provides a priority 

green signal in its path. By doing so, it 

ensures that the emergency vehicle can 

move quickly and safely without being stuck 

in traffic. Overall, the image illustrates how 

intelligent traffic management improves 

road efficiency, minimizes delays, and 

provides faster emergency response 

compared to traditional fixed-time signal 

systems. 

VII.CONCLUSION 

The concept of density-based traffic control 

and emergency vehicle detection provides 

an efficient alternative to conventional 

fixed-time traffic management systems. By 

dynamically adjusting traffic signals 

according to real-time vehicle density, this 

system helps minimize waiting time, reduce 

congestion, and optimize the flow of 

vehicles across intersections. Additionally, 

the integration of emergency vehicle 

detection ensures that ambulances, fire 

trucks, and police vehicles can pass through 

intersections without delays, thereby saving 

critical response time during emergencies. 

The use of sensors, cameras, and AI-based 

techniques makes this system reliable, 

adaptive, and suitable for deployment in 

urban as well as semi-urban regions. 

Overall, this approach enhances road safety, 

ensures faster mobility, and contributes to 

smart city development. 

VIII.FUTURE SCOPE 

In the future, density-based traffic control 

and emergency vehicle detection can be 
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further improved by integrating artificial 

intelligence, deep learning, and IoT 

technologies. Advanced computer vision 

techniques can be used for more accurate 

detection of vehicles, pedestrians, and 

emergency sirens even in adverse weather 

and low-light conditions. Incorporating 

vehicle-to-infrastructure (V2I) 

communication can help signals directly 

communicate with emergency vehicles, 

ensuring seamless priority clearance. 

Furthermore, cloud-based data sharing can 

enable centralized monitoring of multiple 

intersections across a city, making traffic 

management more coordinated and efficient. 

Renewable energy-powered smart traffic 

lights, predictive analytics for rush hours, 

and integration with autonomous vehicles 

also present promising avenues for 

expansion. Such advancements will make 

the system more scalable, cost-effective, and 

essential for the development of intelligent 

transportation systems (ITS) in smart cities. 
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