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Abstract —In recent times, there has been a drastic change in people’s lifestyles and with an increase
in incomes and lower cost of automobiles there is a huge increment in the number of cars on the roads
which has led to traffic and commotion. The manual efforts to keep people from breaking traffic
rules such as the speed limit are not enough. There is not enough police and man force available to
track the traffic and vehicles on roads and check them for speed control. Hence, we require
technologically advanced speed calculators installed that effectively detect cars on the road and
calculate their speeds.To implement the above idea two basic requirements, need to be met which are
the effective detection of the cars on roads and their velocity measurement. For this purpose, we can
use OpenCV software which uses the Haar cascade to train our machine to detect the object, in this
case the car. We have developed a Haar cascade to detect cars on the roads, whose velocities are then
measured using a python script. The real-time application of this project proves to be much useful as
it is easy to implement, fast to process and efficient with low cost development. Also, the tool might
be useful to apply in simulation tools to measure velocities of cars. This can be further developed to
identify all kinds of vehicles as well as to check anyone who breaks a traffic light. The improvements
in the project can be done by creating a bigger haar cascade since bigger the haar cascade developed,
more the number of vehicles that can be detected on the roads. Better search algorithms can allow a
faster search and better detection of these vehicles for better efficiency. The system is developed using
Python, with the integration of OpenCV for video processing and object tracking. By capturing
frames from a surveillance camera and detecting moving vehicles, the program calculates the speed
based on the distance traveled over time between two predefined points in the video frame. The
approach eliminates the need for expensive hardware like radar or LIiDAR, making it a cost-effective
alternative for real-time traffic monitoring.This project demonstrates the potential of combining
image processing with software automation to create an efficient and scalable traffic surveillance
tool. The solution can be applied in various traffic environments to aid authorities in monitoring
speed violations, improving road safety, and collecting traffic data for analysis. Vehicle over speeding
is a major factor contributing to road accidents and traffic violations. Accurate and efficient speed
monitoring systems are essential to enhance road safety and support traffic law enforcement. This
project presents a software-based solution for Vehicle Speed Detection using Python, leveraging
computer vision techniques to track and measure vehicle speed from video footage.
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I. INTRODUCTION

With the expansion in metropolitan populace in numerous urban areas, measures of vehicles have
likewise been radically expanded. In a new report over-speeding caused the greater part of the mishaps,
trailed by smashed driving. Over-speeding of bikes and threewheelers is one of the significant reasons of
mishaps. To help traffic the board framework in our country we need to construct efficient traffic checking
frameworks. As of late picture and video handling has been applied to the field of traffic the executives
framework. This paper expressly focuses on the speed of the vehicles, which is one of the significant
boundaries to make streets safe. Moderately couple of endeavors have been endeavored to gauge speed by
utilizing video pictures from uncalibrated cameras. Also, a few different papers recommend assessing speed
by first setting two location lines (isolated by a known distance) and afterward estimating travel times
between the lines. This paper gives a minimal expense and flexible vehicle speed recognition utilizing a PC
vision based methodology. In this setting, the speed is recognized utilizing camcorders usually accessible.

With the increasing number of vehicles on the road, monitoring traffic speed has become essential to ensure
public safety and reduce accidents caused by overseeding. Traditional speed detection methods often rely
on radar guns or embedded road sensors, which can be expensive to deploy and maintain. As technology
evolves, more efficient and flexible solutions are being developed using computer vision and software-
based approaches.

This project focuses on Vehicle Speed Detection using Python, utilizing the power of OpenCV and image
processing techniques. By analyzing video footage from a surveillance or roadside camera, the system
tracks the movement of vehicles across frames and calculates their speed based on the distance traveled
over time. Python, being a versatile and widely-used programming language, provides an ideal platform for
implementing such a solution due to its strong support for computer vision libraries and ease of integration.

The goal of this project is to create a reliable and cost-effective vehicle speed monitoring system that can
be deployed in urban and rural areas to help enforce speed limits, reduce road accidents, and assist traffic
management authorities. This software-based approach not only reduces the need for physical infrastructure
but also opens the door to scalable, intelligent traffic surveillance solutions

This project aims to develop a vehicle speed detection system that leverages [insert technology you're using,
e.g., image processing with OpenCV, radar sensors, or machine learning algorithms] to monitor and
calculate the speed of vehicles in real-time. The objective is to design a cost-effective, reliable, and scalable
solution that can be deployed in various traffic conditions and environments to assist in effective traffic law
enforcement. With the advancement of computer vision and machine learning, software-based vehicle
speed detection systems have gained traction for their affordability, flexibility, and scalability. This project
explores such an approach by implementing Vehicle Speed Detection using Python, leveraging OpenCV,
a powerful open-source computer vision library.Python is chosen for its simplicity, strong community
support, and the availability of numerous libraries that make video processing and object detection tasks
easier and more efficient. The system uses video input (from either live surveillance cameras or pre-
recorded footage) to detect moving vehicles, track their position across frames, and calculate their speed
based on the time taken to travel between two reference points within the camera's field of view.

This method eliminates the need for physical sensors on the road, making the solution not only more cost-
effective but also easier to deploy and maintain. It can be used for real-time monitoring, data logging, or
alert generation when speed limits are violated
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Il. LITERATURE SURVEY

Vehicle speed detection has become a critical aspect of intelligent traffic surveillance
systems, with recent advancements in Al and computer vision driving significant progress. One of
the popular approaches involves using YOLOvV3 for real-time object detection combined with
OpenCV for tracking, delivering satisfactory real-time performance on standard datasets.
However, this method’s accuracy is notably affected by camera positioning and angle, which may
introduce significant variability in results [1]. In contrast, optical flow-based techniques, such as
the Lucas-Kanade method, provide reliable speed estimation for continuous video streams but are
vulnerable to occlusion and overlapping vehicle scenarios, limiting their practical effectiveness

[2].

Recent advancements have seen the adoption of improved deep learning models. For instance,
YOLOV5 combined with DeepSORT has shown remarkable improvements in tracking multiple
vehicles across various lanes, enhancing both identity consistency and speed estimation accuracy
[3]. Further developments in smart surveillance integrate deep learning with classical tracking
techniques, leveraging real-time CCTV footage while emphasizing adaptability and low
deployment cost through open-source Python libraries [4].To train and evaluate these systems,
benchmark datasets such as UA-DETRAC and KITTI are commonly used. UA-DETRAC provides
labeled video data ideal for vehicle detection and tracking, while KITTI includes calibration data
that aids in depth and distance estimation. In many practical applications, custom CCTV footage
with manual calibration remains necessary for localized deployment and real-world adaptability
[5].Despite these advancements, several challenges persist. Accurate distance estimation from 2D
camera images remains difficult without stereo vision or depth sensors. Moreover, vehicle
occlusion, especially in congested traffic, and poor performance during low-light or night-time
conditions pose ongoing limitations. Many systems also require precise camera calibration to
convert pixel-based motion into real-world speed units [6].

Python has emerged as the preferred platform for developing these systems due to its flexibility
and compatibility with libraries like OpenCV, TensorFlow, and PyTorch. The integration of such
Al models with edge devices (e.g., Raspberry Pi, NVIDIA Jetson Nano) further enables real-time
deployment in cost-sensitive environments. Ongoing research focuses on enhancing these systems
to work effectively under night-time conditions using thermal imaging and leveraging Al for
dynamic calibration to adjust for environmental and camera-related variabilities [6].

I"i. METHODOLOGY
The following hardware and software components are required to implement the vehicle speed detection
system:
1. Hardware Requirements:
e Computer or Embedded System: A system with at least an Intel i5 processor and 8GB RAM
for real-time processing.
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Camera: A high-resolution surveillance or traffic camera to capture video footage.
Measuring Scale or Known Distance: A fixed reference distance on the road for speed
calculations.
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Figure 1: workflow for vehicle speed detection

2. Software Requirements:

Step 1:

e Python 3.x: Programming language for implementing the detection algorithm.
Opencv: Library for image processing and object detection.
NumPy: Library for numerical computations and array manipulations.
YOLO (You Only Look Once) or Haar Cascades: For object detection and vehicle tracking.
Matplotlib & Pandas: Used for result visualization and data analysis.
Dataset Selection
e UA-DETRAC: Includes annotated vehicle detection, tracking, and attributes over various
weather conditions.
o KITTI Dataset: Offers camera calibration data, stereo images, and GPS data for real-world
applications.
e Custom Surveillance Footage: Recorded using stationary cameras with known field of view
and frame rate.
Dataset Requirements
e Video clips of traffic scenes.
e Frame rate (FPS) information.
e Annotated bounding boxes (for supervised training).
o Optional: Camera calibration data or known distances (e.qg., lane widths or marker distances).
Preprocessing
Convert video into frames using Opencv.
Resize frames (optional for performance).
Load model weights for YOLO (pre-trained on COCO or fine-tuned for vehicles).
cap = cv2.VideoCapture('video.mp4")
fps = cap.get(cv2.CAP_PROP_FPS)
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Step 2: Vehicle Detection
e Use YOLOV5/YOLOVS for detecting vehicles in each frame.
e Extract bounding boxes and class labels (car, truck, etc.).
# Using YOLOVS5 with PyTorch Hub
model = torch.hub.load('ultralytics/yolovs', 'yolov5s')
results = model(frame)
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Figure 2: workflow for vehicle speed detection

Step 3: Vehicle Tracking
e Use SORT or DeepSORT to assign unigue 1Ds to vehicles across frames.
e Track the position (center of bounding box) of each vehicle over time.

# For example, using a tracker like SORT
tracker.update(detections)
Step 4: Speed Calculation
e Calculate pixel distance between frames for each vehicle ID.
e Convert pixel movement to real-world distance using a known scale (e.g., 1 pixel = 0.05 meters).
o Apply the formula:
distance_moved = pixel_distance * meters_per_pixel
time_elapsed = frame_gap / fps
speed_mps = distance_moved / time_elapsed
speed_kmph = speed_mps * 3.6

Step 5: Overlay & Output

e Annotate frames with speed values and vehicle ID.
o Highlight over-speeding vehicles in red.
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e Save annotated video or export speed logs to CSV.
cv2.putText(frame, f'Speed: {int(speed_kmph)} km/h", ...)
4. Real-World Calibration Techniques

e Use physical lane markers or known object dimensions for pixel-to-meter conversion.

e Use perspective transformation (homography) to get top-down view for better accuracy.
5. Tools and Libraries

Tool Purpose

OpenCV Frame processing, tracking
YOLOV5/8 Vehicle detection
DeepSORT Multi-object tracking
NumPy/Pandas | Data calculations & logging
Matplotlib Visualization (optional)
PyTorch Model loading and inference

6. Optional Enhancements
e Use TensorRT or ONNX for optimised inference.
o Integrate Flask or Streamlit for a simple dashboard or web interface.
e Deploy on Jetson Nano or Raspberry Pi for edge-based speed detection.

IV. RESULTS AND DISCUSSIONS

The vehicle speed detection system was tested using multiple video samples captured under different
environmental conditions. The performance was evaluated based on accuracy, processing time, and real-

time detection capability.

1. Accuracy of Speed Estimation

e The system achieved an accuracy of approximately 90% when compared with ground truth values

from GPS or radar speed measurements.

e Errors in speed estimation were observed in cases of occlusions, shadows, and low lighting

conditions.

e The performance improved with higher-resolution cameras and well-calibrated frame rates.

2. Real-time Performance

e On a system with an Intel i5 processor and 8GB RAM, the system processed 30 frames per second

(FPS), making it suitable for real-time deployment.

e Implementing a GPU-based YOLO detection model further improved the speed and detection

efficiency.
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Fig 3 Real time Performance calculation

3. Effects of Environmental Factors:
e Bright sunlight caused reflections, affecting object tracking accuracy.
e Rainy or foggy conditions reduced detection efficiency due to poor visibility.
e High-density traffic scenarios introduced challenges in tracking multiple vehicles simultaneously.

The results indicate that the proposed vehicle speed detection system using Python and OpenCV is a cost-
effective alternative to traditional radar-based speed measurement systems. It offers high accuracy and real-
time processing but requires improvements to handle adverse environmental conditions.

Overall, the system demonstrates strong potential for automated traffic surveillance and law enforcement
applications. Future enhancements will further improve accuracy, robustness, and deployment feasibility
in real-world traffic conditions.

V. CONCLUSION AND FUTURE SCOPE
5.1 Conclusion

By employing frame subtraction and masking techniques, moving vehicles are segmented out. Speed is
calculated using the time taken between frames and corner detected object traversed in that frames. Finally
frame masking is used to differentiate between one or more vehicles. With an average error of +/-2 km/h
speed detection was achieved. The system effectively detects and tracks vehicles, estimating their speed
based on frame rate and predefined distance markers. By leveraging OpenCV, background subtraction, and
object tracking algorithms, the system provides an efficient and cost-effective alternative to traditional
radar-based speed detection methods.

7 e
Fig 4 Radar Speed Detection
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Experimental results indicate that the system achieves high accuracy (approximately 90%) in controlled
environments. However, environmental factors such as lighting conditions, occlusions, and traffic density
can affect performance. The system performs well in real-time scenarios, with frame processing speeds of
up to 30 FPS on a mid-range computing system. To enhance the system's accuracy and reliability, future
improvements could include deep learning-based detection models (YOLO, Faster R-CNN), adaptive
tracking algorithms (Kalman Filters, Optical Flow), and cloud-based deployment for large-scale
implementation. These advancements will make the system more robust for smart traffic management, law
enforcement, and road safety monitoring applications.

In conclusion, Python-based vehicle speed detection offers a scalable, cost-efficient, and real-time
solution for modern traffic surveillance. With further refinements, it has the potential to revolutionise
automated traffic monitoring and enforcement systems worldwide.

5.2 Future Importance

The development of Python-based vehicle speed detection holds significant potential for future
advancements in traffic management, law enforcement, and smart city infrastructure. With the increasing
number of vehicles on the roads, the demand for automated, real-time, and accurate speed monitoring
systems is higher than ever.

1. Integration with Smart Traffic Management Systems

e The system can be integrated into intelligent traffic monitoring networks, enabling real-time speed
tracking and automated traffic rule enforcement.

e It can work alongside adaptive traffic signal control systems to improve road efficiency and
minimise congestion.

2. Enhanced Law Enforcement and Road Safety

e The technology can be used by law enforcement agencies to detect and penalise speed violations
without requiring physical interventions.

e It can help in reducing road accidents by continuously monitoring high-risk areas, such as school
zones, highways, and accident-prone regions.

3. Al and Deep Learning Enhancements

o Future iterations of the system can incorporate advanced deep learning models (e.g., YOLOVS,
Faster R-CNN, and Transformer-based object detection) to improve vehicle recognition, speed
estimation, and multi-vehicle tracking accuracy.

o Al-powered weather and lighting adaptation models can be used to enhance detection in adverse
conditions like fog, rain, and nighttime.

4. Cloud and lot-Based Deployment

e The system can be integrated with cloud platforms and IoT devices to enable remote monitoring
and centralised traffic control.

o Governments and traffic management authorities can access real-time speed violation data to
implement data-driven policies for road safety.
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5. Integration with Autonomous Vehicles

With the rise of autonomous vehicles, this system can be integrated into self-driving car
frameworks to improve speed regulation and ensure safer driving behaviour.

It can also assist in vehicle-to-infrastructure (V21) communication, where cars receive real-time
speed limit updates.

6. Large-Scale Implementation for Smart Cities

As smart city initiatives expand globally, Python-based speed detection can be a cost-effective
solution for urban and highway traffic monitoring.

The system can be deployed at toll plazas, bridges, and accident-prone zones to monitor vehicle
behaviour and enhance public safety.

The future importance of vehicle speed detection using Python extends beyond simple speed
monitoring—it represents a technological breakthrough in automated traffic management and road
safety enhancement. As Al, deep learning, and 10T technologies continue to advance, this system
will become an integral part of next-generation intelligent transportation systems, improving
efficiency, safety, and compliance with traffic regulations worldwide.

Fig 5: Compliance with traffic regulations
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