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Abstract— With the increasing complexity of modern traffic systems,
real-time vehicle detection plays a crucial role in ensuring road safety,
optimizing traffic flow, and supporting the infrastructure for
autonomous vehicles. This survey reviews recent advancements in real-
time vehicle detection, with a focus on YOLOV5 (You Only Look Once
version 5), an object detection algorithm that has made significant
strides in terms of accuracy and speed. We will discuss the
methodologies involved, enhancements made to YOLOV5 for vehicle
detection, and the challenges encountered, while providing a humanized
perspective on its impact on intelligent transportation systems.
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INTRODUCTION:

In the era of intelligent transportation, identifying vehicles in real
time is more important than ever. Traffic management systems that rely
on manual supervision or older algorithms are often too slow or
inaccurate to keep up with the needs of modern, fast-moving highways.
However, with the rise of deep learning and real-time object detection,
we are beginning to see major improvements. Vehicle detection, when
done accurately, helps reduce accidents, monitor traffic flow, and even
aid in toll collection and enforcement.

Traditional vehicle detection methods involved manually extracting
features, using video sequences to detect moving vehicles and then
classifying them based on shape, size, and behavior. These systems
often struggled with occlusions, variations in light, or the presence of
multiple objects, leading to high error rates. However, YOLO (You
Only Look Once), a deep learning-based approach to object detection,
has been a game-changer in this field. YOLO's ability to detect multiple
objects in a single glance, while maintaining high accuracy, has been
widely adopted across various real-time applications, including vehicle
detection.

YOLO ALGORITHM OVERVIEW:

The YOLO family of algorithms stands out in the field of computer
vision due to its balance of speed and precision. YOLOV5, the latest
iteration, continues this legacy, providing a fast and efficient solution
for real-time detection of vehicles on the road. One of the reasons
YOLO is so popular is that it views the entire image in one shot, unlike
older two-stage methods like Faster R-CNN, which first generate region
proposals and then classify them. YOLO skips the region proposal step,
predicting bounding boxes and class probabilities simultaneously,
making it a one-stage detector.

This streamlined approach has several advantages, especially in traffic
systems where quick detection is crucial. For example, YOLOV5 can
process images at 45 frames per second, making it ideal for high-speed
vehicle detection where delays could lead to missed detections or
inaccurate tracking.

TYPES OF ALGORITHMS USED FOR REAL-TIME
VEHICLE DETECTION:
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1. YOLO (You Only Look Once) Algorithm

YOLO is a deep learning-based object detection algorithm that stands
out for its speed. Unlike traditional detection methods that process
images in two stages (region proposal and classification), YOLO does
everything in a single step. YOLO breaks the image into a grid, and
each grid cell is responsible for detecting objects and predicting
bounding boxes for the objects it sees.

Why It’s Used: YOLO is incredibly fast—perfect for real-time
applications like traffic monitoring. Its one-stage process ensures that
the system can detect vehicles on busy roads in fractions of a second,
keeping up with fast-moving traffic.

How It Works: YOLO predicts bounding boxes and class probabilities
directly from the input image. It can detect multiple objects (cars,
trucks, buses) at different scales, which is critical for real-world traffic
systems where vehicles vary in size depending on their distance from
the camera.

2. Image Processing Algorithm
How it Works:

Image processing is at the heart of real-time traffic management. It
enables the system to "see™ and interpret what's happening on the roads
by analyzing the footage from traffic cameras.

Vehicle Detection: The system looks at the video footage and
identifies vehicles by detecting changes in the pixels. For instance, the
background subtraction method compares each new video frame
with a background model to highlight moving vehicles. This helps the
system know where the cars are, which ones are moving, and how fast.

Edge Detection: Once vehicles are detected, the system uses
algorithms like the Canny Edge Detector to define their shape and
location in the image. This technique helps identify the boundaries of
vehicles by finding areas where pixel intensities change sharply.

Tracking: The system then follows the vehicles as they move across
different frames. This is critical for monitoring traffic flow and
identifying traffic jams. Techniques like frame differencing allow the
system to keep track of vehicle motion between consecutive frames.

Benefits:

This step is all about making the system aware of the traffic situation in
real-time, so it can gather accurate data for further analysis.

3. Traffic Light Control Interface
How it Works:

The traffic light control interface is the system's control hub, where
decisions about changing traffic lights are made. This interface
connects real-time traffic data (from image processing) with the actual
traffic lights on the road.
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Real-Time Input: It receives live data about the number of vehicles,
their speed, and traffic density from the image processing algorithm.

Decision Making: Based on this data, the control interface decides
when and for how long the traffic lights should turn green, red, or
yellow.

Signal Activation: The interface sends these decisions to the traffic
lights, ensuring that the flow is adjusted in real time. For example, if a
particular lane has heavy traffic, the green light for that lane may be
extended, while a lane with fewer vehicles gets less green time.

Benefits:

This interface helps to smoothly manage the flow of vehicles by using
real-time data. It replaces static systems where lights change after fixed
intervals regardless of actual traffic conditions.

4. System Dashboard
How it Works:

The system dashboard is the user-friendly interface that allows traffic
operators to monitor, control, and interact with the traffic management
system. Think of it as the cockpit of an airplane for traffic controllers—
it shows them everything they need to know.

Visualization: The dashboard displays real-time visualizations of traffic
data, including live video feeds, vehicle counts, and traffic density at
different intersections.

Control Panel: It provides tools for manual overrides if necessary.
Traffic controllers can interact with the system to manually adjust light
timings, close intersections, or reroute traffic if unexpected situations
(like accidents) occur.

Data Insights: The system can also provide reports on traffic flow,
congestion patterns, and the effectiveness of signal timings over time.
This information helps optimize the system’s performance in the long
term.

Benefits:

This dashboard gives human operators a comprehensive, real-time view
of the city's traffic situation, ensuring they stay informed and in control.

5. Adaptive Light Control Algorithm
How it Works:

The adaptive light control algorithm is what makes traffic lights
"smart" by adjusting their timings in real-time, based on current traffic
conditions.

Input from Sensors: The algorithm continuously receives data from the
image processing system, such as vehicle counts, speeds, and traffic
congestion levels.

Dynamic Timing: Instead of following pre-set intervals, the algorithm
dynamically adjusts the green light duration based on how many
vehicles are on each road. For example, if one direction has significantly
more traffic, the green light for that direction stays on longer, reducing
overall wait times.

Learning from Patterns: Modern adaptive algorithms can also use
machine learning techniques to predict future traffic patterns based on
historical data. This predictive ability helps the system prepare for peak
traffic times and adjust accordingly.

Genetic Algorithms: In some cases, the algorithm uses genetic

Valgorithms | tos ptinsize othe  light timings by simulating  different
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scenarios and selecting the one with the best outcome. This is similar to
how evolution works—only the best solutions survive and get applied.

Benefits:

By adapting to real-time traffic conditions, this algorithm helps reduce
congestion and improves overall traffic flow, cutting down on fuel
consumption and pollution.

6. Traffic Density Calculation Algorithm
How it Works:

The traffic density calculation algorithm is responsible for
measuring how crowded the roads are at any given time.

Vehicle Counting: The system counts how many vehicles are on the
road at each intersection by analyzing the video feed. This is done
using image processing methods like background subtraction and
object tracking.

Calculating Density: Based on the vehicle count, road capacity, and
lane usage, the algorithm calculates the traffic density, which is a
measure of how crowded a section of the road is.

Motion Detection: In combination with motion detection algorithms,
the system not only tracks the number of vehicles but also assesses
their speed and how smoothly they are moving. Slow-moving traffic
may indicate congestion, even if the number of vehicles is relatively
low.

Feeding Data to the Control System: The density information is
continuously sent to the traffic light control system. If the density
reaches a certain threshold (i.e., the road is becoming too congested),
the control system adjusts the signal timings to help alleviate the
buildup of vehicles.

Benefits:

This algorithm allows the system to measure and respond to real-time
congestion, ensuring that traffic lights change when they need to and
not on a pre-set timer.

Yolo Object Detection
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PROPOSED METHODOLOGY:

In this methodology, the system integrates real-time image processing
with the latest technologies like YOLO, OpenCV, and Python for traffic
detection, and uses Django for managing the web interface. The
system's overall aim is to monitor traffic flow and control traffic lights
dynamically. Let's break down each component in the system and how
they work together.

1. YOLO (You Only Look Once) for Vehicle Detection

YOLO is a state-of-the-art, real-time object detection algorithm that is
fast and accurate. It's responsible for detecting and identifying vehicles
such as cars, buses, trucks, and bikes from live video feeds.

How it Works:
YOLO processes each frame of the video feed and divides it into a grid.

For each grid cell, YOLO predicts bounding boxes and classifies
objects.

In traffic control, it will detect and track vehicles, allowing the system to
determine traffic density and vehicle movement.

Why YOLO:
YOLO is efficient and fast enough to handle real-time traffic data.

It can detect multiple vehicle types in a single pass, making it ideal for
traffic control applications.

2. OpenCV for Image Processing

OpenCV (Open Source Computer Vision Library) is a powerful tool for
image and video processing, and it is used in this system to preprocess
video feeds and manage basic image manipulation tasks.

Functions in the System:

Video Capture: OpenCV handles capturing real-time video feeds from
cameras at intersections.

Image Preprocessing: It can smooth, resize, and filter frames to optimize
them before feeding them to YOLO for vehicle detection.

Edge Detection: OpenCV is used for techniques like Canny edge
detection to help YOLO in identifying the boundaries of vehicles.

Motion Detection: OpenCV can detect moving objects by comparing
consecutive frames, helping to determine vehicle speed and flow.

Why OpenCV:
It is a versatile and easy-to-integrate library for Python.

Supports multiple functions like image/video handling, making it perfect
for traffic monitoring and real-time analysis.

3. Python as the Programming Language

Python is the main programming language used to integrate all the
components of the system. It is chosen for its simplicity, vast library
support, and ability to quickly prototype complex systems.

Role of Python:

Integration: Python ties together the YOLO model, OpenCV functions,
and the overall system logic.

Control Logic: Python scripts control the processing of video data, the

V@Et@/mignlgf tlrgg'lg lijgntfgétgms, and the interaction with databases and
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the web framework.

Real-Time Processing: Python manages the real-time vehicle detection,
tracks traffic flow, and adjusts signal timings.

Why Python:

Its libraries (like TensorFlow, PyTorch, and OpenCV) are perfectly
suited for machine learning, image processing, and deep learning tasks.

Fast development and flexibility for creating complex algorithms with
minimal code.

4. Django for Web-Based Dashboard (System Interface)

Django is a high-level Python web framework used to build the web-
based dashboard for the system. This dashboard allows traffic
controllers to monitor real-time traffic and control signals manually if
necessary.

How Django Fits In:

User Interface: Django creates the web interface where operators can
view traffic feeds, check traffic density at intersections, and view data
analytics.

Manual Control: The dashboard built using Django allows for manual
intervention if the system needs to be overridden during emergencies.

Data Display: Traffic data, such as vehicle counts, traffic flow, and
signal timings, are visualized on this interface in real time.

Why Django:

It provides an easy and robust way to build the front-end and back-end
of the system.

Django can handle real-time data updates and offers great scalability
for future expansions.

5. Database for Storing Traffic Data

The system needs to store and analyze traffic data to make intelligent
decisions and track historical trends. The database stores the following
information:

e  Real-time vehicle counts
e  Traffic density data
e Signal timing adjustments

e Historical traffic patterns for predictive analysis
How the Database Works:

Data Storage: Real-time traffic data collected from the image
processing system (YOLO + OpenCV) is stored in the database.

Analytics: The data can be analyzed to find patterns in traffic flow,
helping to improve the efficiency of the system over time.

Predictive Modeling: Using historical data, the system can make
predictions about future traffic conditions and adjust traffic signal
timings accordingly.

Why a Database:

It ensures that all real-time and historical traffic data are logged for
long-term optimization and system improvement.

Databases provide fast querying capabilities for real-time decision-
making.
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Common database systems that could be used include PostgreSQL or
MySQL due to their scalability and ease of integration with Django and
Python.

6. Hardware Interface for Traffic Lights

The hardware interface connects the software system with physical
traffic lights. This component handles the actual control of the traffic
signals based on the decisions made by the adaptive algorithm.

Role of the Hardware Interface:

Signal Control: The hardware interface directly interacts with the traffic
lights, turning them red, green, or yellow based on commands from the
central system.

Real-Time Adjustments: It enables dynamic changes in signal timings as
per the real-time vehicle data and traffic density calculated by the
system.

Why Hardware Interface:

It acts as a bridge between the software system (which processes traffic
data) and the physical traffic infrastructure.

Without this interface, there would be no way to physically control the
traffic signals based on real-time data.

This can be implemented using microcontrollers (e.g., Arduino or
Raspberry Pi) that connect to the system via Python to control the
hardware components of traffic lights.

RELATED WORK:
1. Image Processing for Traffic Management

Gulati and Srinivasan's (2019) paper explored the use of image
processing techniques in intelligent traffic management systems. In their
work, image processing plays a central role in detecting vehicles and
calculating traffic density. They discuss how methods like background
subtraction and motion detection are used to track vehicles and estimate
traffic flow in real time(july2019ishaansrini). These techniques serve as
the foundation for the current methodology, where similar image
processing algorithms are integrated with more advanced machine
learning models like YOLO.

The paper demonstrates the power of image processing in detecting
vehicles without intrusive methods like inductive loop sensors.
However, the challenge lies in dealing with lighting variations, weather
conditions, and occlusions—issues that the current system addresses
using YOLO’s deep learning capabilities, which are more robust under
varying conditions.

2. Real-Time Vehicle Detection with YOLO

In Zhang et al.'s (2022) paper, YOLO (You Only Look Once) is applied
for real-time vehicle detection on highways(Real-
Time_Vehicle Detec...). This work emphasizes the advantages of
YOLO for real-time applications due to its speed and accuracy,
particularly in detecting multiple objects simultaneously.

Their study introduces an enhanced version of YOLO vb5, which
improves detection accuracy through the Flip-Mosaic algorithm. This
enhancement allows the system to better detect small vehicles and those
partially occluded, a crucial improvement for urban traffic management
where multiple vehicles may overlap in dense traffic.
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The integration of YOLO in traffic systems, as proposed in this
methodology, builds on this work by applying it not just to vehicle
detection, but as part of a larger ecosystem involving real-time traffic
signal control. YOLO’s ability to process frames quickly makes it ideal
for ensuring timely traffic light changes based on real-world
conditions.

3. Traffic Signal Control Using Genetic Algorithms

Singh et al.'s (2009) paper focuses on using Genetic Algorithms (GAs)
to optimize traffic signal control in real-time
(Time Optimization_for T...). The authors propose a system that
adjusts green light timings based on real-time traffic flow, aiming to
minimize vehicle waiting times and improve overall traffic flow. The
GA-based system continuously evolves to provide optimal signal
timings, responding to changes in traffic volume at different
intersections.

While GAs offer a smart way to optimize traffic signal control, this
proposed methodology goes a step further by incorporating machine
learning models like YOLO and real-time image processing through
OpenCV to provide even more detailed and accurate traffic data.
Instead of relying solely on predefined algorithms, the proposed system
uses real-time visual input, giving it the ability to react dynamically to
changing road conditions.

4. Use of OpenCV for Real-Time Processing

OpenCV is a widely used library in computer vision, and its
application in traffic systems has been well-documented. In the paper
by Gulati and Srinivasan (2019), OpenCV is used to process video
streams from traffic cameras, particularly for background subtraction
and object tracking(july2019ishaansrini).

The proposed methodology builds on this by using OpenCV in
combination with YOLO for vehicle detection and tracking. OpenCV
provides essential image preprocessing functions, like resizing and
noise reduction, which help YOLO focus on detecting vehicles rather
than unnecessary background details. Additionally, OpenCV is used to
handle the video feed and manage the frames before they are analyzed
by YOLO.

The advantage here is that OpenCV can preprocess the video
efficiently, ensuring that the overall system maintains its real-time
performance. This is crucial for handling traffic data without delays,
allowing for immediate adjustments to traffic lights.

5. Django for System Dashboard and Control Interface

In terms of system design, the Django framework is less commonly
found in the specific field of traffic control, but it has proven itself as a
robust solution for building web-based dashboards and interfaces for
real-time data management. While there are no direct mentions of
Django in the related traffic control studies, its role in this system is
crucial for managing the back-end logic, handling traffic data, and
providing a user-friendly interface.

The proposed system’s Django-based dashboard will allow traffic
managers to visualize real-time traffic conditions, vehicle counts, and
traffic flow analytics. This is a step up from earlier systems that
typically lacked an integrated, real-time interface for operators to
interact with the data being collected. The use of Django makes it
easier to manage traffic signal control settings and integrate machine
learning models, offering flexibility for future updates.
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CONCLUSION:

Real-time image processing represents the future of traffic management.
By detecting vehicles, estimating traffic density, and dynamically
adjusting traffic signals, this technology promises to reduce congestion
and improve road safety. With further development, real-time systems
could become the backbone of smart cities, leading to smoother
commutes and happier, less stressed drivers.

In the end, this is not just about technology—it’s about improving the
quality of life for millions of people by making our roads smarter and
more efficient. As we look ahead, the integration of real-time image
processing, machine learning, and traffic signal optimization will shape
the way we move through our cities, reducing the chaos of traffic and
bringing us closer to a future of smart, safe, and fluid transportation.

REFERENCES:

e Gulati, I, & Srinivasan, R. (2019). Image Processing in
Intelligent Traffic Management. International Journal of
Recent Technology and Engineering. [Accessed from:
ResearchGate]

e Zhang, Y., Guo, Z., Wu, J,, Tian, Y., Tang, H., & Guo, X.
(2022). Real-Time Vehicle Detection Based on Improved
YOLO v5. Sustainability. [DOI: 10.3390/su141912274]

e Singh, L., Tripathi, S., & Arora, H. (2009). Time Optimization
for Traffic Signal Control Using Genetic Algorithm.
International Journal of Recent Trends in Engineering.

VOLUME 12, ISSUE 5, 2025 PAGE NO: 610



GIS SCIENCE JOURNAL ISSN'NO : 1869-9391

VOLUME 12, ISSUE 5, 2025 PAGE NO: 611





