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Abstract 

There are major difficulties that occur due to congestion of traffic inside the city regarding the availability of 

essential services like the police service, the fire department, and the ambulances. These services end up being 

stranded at the regular junctions, leading to an increase in the timeframe. This puts the lives of individuals at 

risk. The current arrangement of traffic light systems is rigid in programming. This paper proposes an AI-

Based Emergency Vehicle Priority Traffic Management System that integrates Computer Vision, GPS 

tracking, and Internet of Things (IoT) technologies. The data from the CCTV is fed into the YOLOv8 system, 

which is responsible for the detection of the approaching emergency vehicle. The GPS tracker system provides 

information about the location and velocity of the approaching emergency vehicle. This information is then 

analyzed against the localized density of the intersection so as to determine the degree of congestion present. 

On the basis of all this information, the controller adjusts the normal functioning of the lights to ensure that 

there is no hindrance to creating a green corridor for the emergency vehicle. Practical tests validate that this 

setup optimizes signal allocation and dramatically cuts down travel windows, offering a highly adaptable 

blueprint for contemporary smart-city architecture 

Keywords: Emergency Vehicle Priority, Traffic Management System, Artificial Intelligence, YOLOv8, 

Computer Vision, GPS Tracking, IoT, Smart Cities. 

 

1. Introduction  

Due to the increased population in cities and the 

increased number of private cars, the modern roads 

have proven inadequate to cope with the traffic 

leading to traffic jams. Although this is a problem for 

those using the roads daily, this creates a greater risk 

to those in the emergency field, considering their 

need to move fast. The services offered by 

ambulances, fire department, and the police force 

have been affected by immobility caused by major 

junctions with the use of stationary traffic lights. A 

solution to this challenge would require the adoption 

of new technologies through the incorporation of 

artificial intelligence, especially in transport 

management within the city. This would be achieved 

through the combination of computer vision and GPS 

telemetry technology. Deploying this collective tech 

stack automates the immediate classification of 

priority fleets, tracks real-time lane congestion, and 

modulates intersection signaling on the fly without 

human intervention The proposed AI-Based 

Emergency Vehicle Priority Traffic Management 

System utilizes YOLOv8-based vehicle detection, 

GPS tracking, and IoT communication to provide 

priority passage for emergency vehicles. The system 

continuously analyzes traffic conditions and 

dynamically adjusts traffic signal timings to create a 

green corridor for approaching emergency vehicles. 

This approach helps reduce travel delays, improve 

emergency response efficiency, and support smart 

city transportation management.  

1.1.Objectives 

 To develop an intelligent traffic management 

system for emergency vehicle prioritization. 

 To detect ambulances, fire trucks, and police 

vehicles using Computer Vision techniques. 

 To integrate GPS and IoT technologies for 

real-time vehicle tracking. 

 To analyze traffic density and optimize signal 

timings dynamically. 

 To generate a green corridor for faster 

emergency vehicle movement. 

 To improve emergency response time and 

overall traffic efficiency 
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2. Literature Survey 

Table 1 Comparison of Existing Studies 

Ref. Method Advantages Limitations 

[1] 
Dynamic signal adjustment 

based on traffic density 

Improves traffic flow and 

reduces congestion 

Performance depends 

on camera quality 

[2] 
Fast identification of emergency 

vehicles 
Simple implementation Limited detection range 

[3] Real-time vehicle tracking Accurate location monitoring 
Requires continuous 

GPS connectivity 

[4] High vehicle detection accuracy 
Real-time processing 

capability 

Sensitive to weather 

and lighting condition 

[5] 
Enables communication between 

vehicles and infrastructure 

Supports intelligent traffic 

management 

Infrastructure 

dependent 

[6] 
Effective traffic density 

estimation 

Improves congestion 

monitoring 
Requires large datasets 

[7] 
Automatic signal optimization 

for emergency vehicles 

Reduces emergency response 

time 

High computational 

requirements 

[8] Continuous traffic surveillance Accurate vehicle classification 
Camera maintenance 

required 

[9] Adaptive traffic signal control Learns from traffic patterns 
Training complexity is 

high 

[10] 
Combines detection, tracking, 

and optimization 

Improves overall traffic 

efficiency 

Deployment cost is 

relatively high 

Table 1. The comparative metrics organized in the 

initial dataset map out the current landscape of 

adaptive signal controllers and first-responder 

priority schemes. A critical review of contemporary 

literature reveals a heavy reliance on a mixed toolkit 

of machine learning, automated vision processing, 

satellite positioning telemetry, networked sensors, 

and reward-based algorithmic optimization to refine 

city transit networks. Although these methodologies 

succeed in upgrading standard surveillance precision 

and isolating key service fleets, they consistently hit 

bottlenecks concerning rigid physical infrastructure 

demands, intensive processor overhead, and a failure 

to expand effectively across broader municipal zones. 

Consequently, these systemic gaps emphasize the 

urgent necessity for a cohesive, smart coordination 

architecture—one that seamlessly yields immediate 

right-of-way to urgent transport fleets without 

triggering severe gridlock across general commuter 

lanes. 

2.1.Research Gap 

Existing traffic management systems mainly focus on 

traffic congestion control or emergency vehicle 

detection individually. Many approaches rely on 

RFID or GPS technologies and lack real-time traffic 

analysis and intelligent signal optimization. Some 

AI-based methods provide accurate vehicle detection 

but do not effectively coordinate multiple 

intersections. Therefore, there is a need for an 

intelligent and scalable framework that integrates 

Computer Vision, GPS, IoT, and AI techniques to 

provide efficient emergency vehicle prioritization 

while maintaining smooth traffic flow. 

3. Proposed Methodology 

3.1.System Architecture 

The proposed AI-Based Emergency Vehicle Priority 

Traffic Management System consists of five major 

stages: 

 Traffic Data Collection 

 Emergency Vehicle Detection 

 Traffic Density Analysis 

 Traffic Signal Optimization 

 Green Corridor Generation 

The system collects real-time traffic data from CCTV 
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cameras and GPS-enabled emergency vehicles. 

Computer Vision techniques are used to detect 

ambulances, fire trucks, and police vehicles. Traffic 

density at intersections is analyzed to determine 

congestion levels. Based on the detected emergency 

vehicle and traffic conditions, the AI-based control 

module dynamically adjusts signal timings and 

creates a green corridor to ensure faster movement of 

emergency vehicles 

3.2.Workflow Diagram 

The operational architecture maps out a continuous, 

nine-stage closed-loop data pipeline designed to 

seamlessly translate raw street surveillance into 

dynamic roadway prioritization. The process initiates 

at the edge level, where high-definition visual assets 

and sensory streams are continuously harvested from 

junction cameras. Then, the initial video is supplied 

to the CNN operating with a locally trained YOLOv8 

model that performs identification, labeling and 

classification of all incoming emergency vehicles 

immediately. Meanwhile, satellite telemetric data 

streams allow for the continuous monitoring of the 

geographical location of the vehicle using the MQTT 

IoT communications network. According to a general 

rule, the system receives information about the traffic 

and spatial conditions at the target intersection. Then, 

the AI-based decision-making process is based on the 

following three streams of data – video data stream, 

GPS data stream and gridlock parameter – for making 

the decision on the change of the traffic light 

sequence. The change is performed through 

switching off the usual light signals and lighting 

green traffic lights at the subsequent intersections in 

such a way that the priority vehicle can move in a 

continuous synchronized light sequence without any 

obstructions. Finally, the entire sequence of systemic 

changes, vehicle movements, and operational light 

states is streamed in real time to a web-based 

telemetry dashboard for municipal oversight. 

3.3.Data Collection and Preprocessing 

The proposed system collects traffic data from CCTV 

cameras, traffic monitoring sensors, and GPS-

enabled emergency vehicles. Live visual data 

harvested from junction cameras serves as the 

primary input for evaluating active vehicular transit 

and immediate roadway conditions on the fly. This 

data collection pipeline aggregates a wide array of 

metrics, including specific automobile 

classifications, total volume tracking, localized 

spatial occupation, satellite position points, and 

velocity readings. In the initial ingestion phase, 

individual frames are isolated from the raw media 

feeds and scrubbed to eliminate sensory artifacts 

while enhancing visual clarity. Background 

anomalies and non-essential visual elements are 

discarded, allowing the refined dataset to be 

structured into an ordered matrix optimized for 

computational analysis. Once polished, this clean 

dataset is funneled directly into down-stream 

operations, fueling priority transit identification, 

volume calculations, and adaptive signal timing 

adjustments. 

3.4.Emergency Vehicle Detection 

The ability to automatically isolate priority transit 

units stands as a cornerstone architectural feature of 

this coordinated traffic ecosystem. The algorithm of 

the system employs the specific YOLOv8 computer 

vision algorithm that immediately identifies any 

vehicles approaching an intersection as being an 

emergency (police, fire, and ambulance services). As 

part of the analysis of sequential images, the neural 

network is able to detect all the objects present in the 

image. Next, the system determines the localization 

of these objects and provides them with the 

coordinates and the level of probability, which are 

immediately transmitted to the main AI-based control 

center where the sequence of lights is changed. This 

way of classification of the vehicles at the 

intersection point may significantly reduce the time 

of transit for emergencies, ensuring the safety of the 

city, providing them with the right of way prior to 

intersections. 

3.5.Controlling the Timings of Traffic Lights 

Changing the timing of traffic lights has two 

objectives: to give a priority right to response 

vehicles and to avoid traffic jams on all the roads 

managed. It is accomplished by using constant 

monitoring of the data about filled lanes, satellite 

data, and visible data. By analyzing this data in real-

time mode, the AI makes a decision about changing 

the signal time according to the current demands of 

the road network. As soon as the prioritized vehicle 

reaches the particular monitoring junction, the time 

of the green light for the particular lane is extended. 
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As soon as the prioritized vehicle leaves the 

monitored territory, the traffic lights switch back to 

the normal municipal schedule. This helps enhance 

the efficiency of the network and eliminate traffic 

jams. 

3.6.Green Corridor Generation 

The automated creation of unobstructed transit 

pathways represents a vital feature of this 

architecture, designed specifically to facilitate the 

continuous, unimpeded progression of emergency 

services. Upon the positive tracking or identification 

of a priority transport, the system maps its projected 

trajectory by cross-referencing real-time satellite 

coordination telemetry with broader metropolitan 

navigation logs. Incorporating the vehicle’s current 

coordinates alongside its dynamically updated arrival 

estimates, signaling arrays at subsequent junctions 

orchestrate an automated synchronization routine.  

The control framework triggers a cascaded sequence 

of green lights directly ahead of the approaching 

responder, establishing a fluid, non-stop conduit 

across the urban grid. This preemptive clearance 

drastically drops total transit windows, mitigates 

localized roadway friction, and optimizes overall 

crisis deployment metrics. Once the tracking data 

confirms that the prioritized vehicle has arrived at its 

final destination point, the entire network of signal 

loops immediately scales back to standard municipal 

operating profiles. 

4. Experimental Results and Performance 

Analysis  

4.1.Experimental Setup 

The proposed AI-Based Emergency Vehicle Priority 

Traffic Management System was implemented using 

Python and tested on simulated urban traffic 

scenarios. The system integrates YOLOv8 for 

emergency vehicle detection, OpenCV for image 

processing, GPS tracking for vehicle monitoring, and 

IoT communication for real-time data transmission. 

Experimental evaluation was conducted using traffic 

video streams containing ambulances, fire trucks, 

police vehicles, and normal vehicles. 

  

Table 2 Software Requirements 

Component Specification 

Language Python 3.10 

IDE Visual Studio Code 

AI Framework YOLOv8 

Database MySQL 

Dashboard Streamlit 

IoT Platform MQTT Protocol 

Computer Vision 

Library 
OpenCV 

 

Table 2 Software Requirements Represents the 

software requirements used for developing the 

proposed AI-Based Emergency Vehicle Priority 

Traffic Management System. Python is used as the 

programming language, while YOLOv8 and 

OpenCV support emergency vehicle detection and 

image processing. MySQL is utilized for data 

storage, and Streamlit provides a real-time 

monitoring dashboard. These software tools enable 

efficient implementation and intelligent traffic 

management. 

  

Table 3 Hardware Requirements 

Component Specification 

Processor Ryzen 5 / Intel i5 

RAM 8GB or Above 

Storage 256 GB SSD 

Camera CCTV/IP Camera 

Operating System Windows 10/11 

 

Table 3 Hardware Requirements Represents the 

hardware requirements necessary for implementing 

the proposed traffic management system. The 

configuration includes a processor, memory, storage 

unit, and CCTV/IP cameras for traffic monitoring and 

data collection. These hardware components support 

real-time vehicle detection, traffic analysis, and 

signal optimization. Adequate hardware resources 

ensure smooth system performance and reliable 

operation. 

4.2.Performance Analysis 

The performance analysis indicates that the proposed 

system effectively detects emergency vehicles and 

optimizes traffic signals in real time. The YOLOv8 

model achieved high detection accuracy, while the 

green corridor mechanism reduced emergency 

response time. The system also improved traffic flow 

efficiency and minimized delays at road 

intersections. 
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Conclusion and Future Scope 

Conclusion 

The AI-Based Emergency Vehicle Priority Traffic 

Management System is designed to improve 

emergency response efficiency and reduce traffic 

congestion at road intersections. The proposed 

system integrates Computer Vision, GPS tracking, 

IoT communication, and intelligent traffic signal 

optimization to provide priority passage for 

ambulances, fire trucks, and police vehicles. By 

utilizing the YOLOv8 model, the system accurately 

detects emergency vehicles and continuously 

monitors their movement in real time. The system 

dynamically adjusts traffic signal timings and 

automatically generates a green corridor along the 

emergency vehicle route, ensuring faster and 

uninterrupted movement. Experimental results 

demonstrated high detection accuracy and a 

significant reduction in emergency response time 

compared to conventional traffic management 

systems. Overall, the proposed framework enhances 

traffic flow efficiency, improves public safety, and 

provides a scalable solution for smart city 

transportation management. 

Future Scope 

The proposed system can be further enhanced by 

integrating advanced Artificial Intelligence and 

Machine Learning techniques to improve emergency 

vehicle detection accuracy under different weather 

and lighting conditions. Future improvements may 

include the implementation of Vehicle-to-

Infrastructure (V2I) communication for faster 

coordination between vehicles and traffic signals. 

The system can also be extended to support large-

scale smart city environments with multiple 

interconnected intersections. In addition, predictive 

traffic analysis and 5G communication technologies 

can be incorporated to provide faster data 

transmission and more efficient traffic management. 

These enhancements will further improve emergency 

response efficiency and overall transportation system 

performance. 
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